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Geology and Tectonic Deformation of Kilometer 185

Gua Musang — Cameron Highland, Lojing, Kelantan

ABSTRACT

Rheology or also known as a deformation is the study of respected their stress. In
determine the deformation of the rocks, the investigate of the structure geology which
includes fault, fold and joints would be the better part in identified the deformation.
Bentong — Raub Suture Zone would be the inherited to identified the fault, folds and
joints. The research that conducted at highway of Gua Musang — Cameron highlands
on kilometer 185, Kelantan as there is no comprehensive structural geology towards
tectonic deformation of the study area from the previous research. The study area that
been conducted is in a square box shape with 25km?. By focussing on the objective of
the this research where to generate geological map of study area with the scale
1:25,000 and to produced structural map by looked at the fault that collected from the
prevous research. Most important thing towards this research is to use the
measurements of the present day rock geometries to explore and updated the stress
field that produced the structure observed in the study area in present day. In this
research the method that have been used to conducted this research are by identified
in previous research, collecting the information from other agencies and process the
data by using ArcGIS 10.8 for presenting the map and Dips 7.0 for collecting the stress
system in order to produces the structural map. From the research, there are three types
of rocks that can be identified in this study area which is the oldest rocks are schist,
phyllite and the youngest one is quartzite. The tectonic deformation in this research
can be identified toward the structure,where there are two types of fault in this area
which is Thrust Fault happen in the between of schist — quartzite rock and Strike Slip
Fault where can be seen in the Brooke’s River that caused by the ESE — WNW
principal stress. From the observation towards the stress their show the corresponding
to the principal stress of the Bentong — Raub Suture Zone form by looked at the
collision between Sibumasu Plate and Indochina Plate in Late Palaeozoic and Triassic.

Keywords: Tectonic Deformation; Thrust Fault; Strike Slip Fault; Gua Musang
Formation



Geologi dan Ubah Bentuk Tektonik Di Kilometer 185

Gua Musang — Cameron Highland, Lojing, Kelantan

ABSTRAK

Rheology atau juga dikenali dengan ubah bentuk merupakan kajian berkaitan dengan

tekanan yang berlaku terhadap bentuk muka bumi. Dalam mengenal pasti ubah bentuk
terhadap batuan, kajian terperinci terhadap struktur geologi yang merangkumi sesar,
fold dan joint terhadap Bentong Raub Suture Zone yang merupakan indicator yang
terbaik dalam menganalisis ubah bentuk. Kajian yang dijalankan di Kawasan
lebuhraya kilometer 185 Gua Musang — Cameron Highland, Lojing, Kelantan ini
merupakan salah satu kajian yang tidak pernah dijalankan oleh mana-mana pihak
sebelumnya berkaitan dengan ubah bentuk tektonik. Kawasan kajian kali ini
merangkumi keluasan 25km? dengan berfokuskan kepada objektif utama iaitu
menghasilkan peta geologi bagi kawasan kajian dengan skala 1:25,000 dan
menghasilkan peta struktur dengan berpandukan kepada keputusan yang diperoleh
daripada kajian sesar. Dalam menghasilkan kajian ini, matlamat yang paling utama
adalah untuk menggunakan ukuran geometri batuan bagi mengetahui, mengenalpasti
dan mencapai matlamat berkaitan dengan sejarah yang terdahulu dan memahami
bidang tekanan yang mendorong kepada struktur geologi yang boleh di temui di
kawasan kajian pada masa kini. Bagi memastikan kajian ini berjalan dengan lancar,
kaedah yang digunakan adalah dengan membuat kajian dengan lebih terperinci
terhadap kajian yang terdahulu dan mengumpul segala maklumat yang berkaitan
sekaligus menggunakan segala maklumat yang ada untuk diproses dengan
mengunakan perisian ArcGIS 10.8 untuk menghasilkan peta geologi dan Dips 7.0
untuk mengumpul dan memproses segala maklumat berkaitan dengan tekanan bagi
penghasilan peta struktur. Berdasarkan kepada kajian yang dilakukan, terdapat tiga
jenis batuan yang boleh diklasifikasikan mengikut umur batuan iaitu batuan syis, filit
dan kuarzit. Terdapat dua jenis sesar yang dapat dikenal pasti dalam kawasan kajian
iaitu sesar menaik dan sesar mendatar yang terjadi di Kawasan Timur — Barat sekali
gus merungkai jawapan kepada perubahan ubah bentuk tektonik yang mana sepadan
dengan tekanan utama daripada pembentukan Bentong Raub Suture Zone yang terhasil
disebabkan oleh pertembungan antara dua plat tektonik iaitu Sibumasu dan Indochina
semasa Akhir Palaeozoik dan Triasik.

Kata kunci: Ubah Bentuk Tektonik; Sesar Naik; Sesar Mendatar; Formasi Gua Musan
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CHAPTER 1

INTRODUCTION

1.1 Background of Studies

“Uniformitarianism” or more explain about “plate tectonics is the key
to the past”. Coming out with something more cynical thing, this research will
be explain more about the historical of the Earth’s and the process of been the
most phenomenal area. This research will focus on area of South Kelantan,
which is Gua Musang. Essentially, the understanding about the tectonic plate,
is where there would be some process that come out to form the plate tectonic
and the framework of it, the tectonic plate that generally known by the process
of convergent and divergent process literally included oceanic ridge.

Rheology or deformation according to Ranalli, 2000 state that the
tectonic deformation often happens when the movement of the Earth’ surface
affects the surface of rocks. It can be known by looking at the changes in the
mode of bedding, volume, relative position, and internal structure of the rocks
that was under the action of deep—seated forces. In given rise to a condition of
unidirectional or multidirectional extension, compression or displacement
towards the deformation. The evidence of this phenomenon can be seen in all
three types of rocks which is: sedimentary, igneous and metamorphic rocks in
form folded and faulted. Otherwise, in magmatic rock and schist it can be lead

to reorientation or recrystallization of the constituent minerals.



The tectonic deformation of towards fault study at area of Gua Musang
— Aring was one of the initiation for other to study and get some knowledge of
the deformation at this area were by studying in this area it could see the
structure and the activity of the tectonic. Literally, some people understand that
the Formation of Gua Musang — Aring were happen by the collision between
Sibumasu — Indochina tectonic that were happen million years ago, after the
years we can see the formation and development on that area. By the historical
of this area after all of the phenomena that would happen like collision between
two plate boundaries; Sibumasu and Indochina, there might be something
different or changes that maybe happen because of the development now days.
With advance in modernization, this has resulted in the opening of new areasto
meet the needs of the local community. Because of that many changes would
happen and the historical of the phenomena of the Earth at that area might be
disappear or vanish from sight.

Deformation at Kilometer 185 Gua Musang — Cameron Highland
would be divided several part by looked at the deformation by step of the age
of the rock, in this area, the geologist believe fault that existed here could be
divided by two part of the aged which is: Upper Triassic and Lower Jurassic
where certain part and formation could happen in different way. For this
research, it would be more focusing on Gua Musang Formation and maybe
included a little bit of Aring Formation because of to find the correlation
between this two formation and the other. By that time, Sungai Beruk Valley
was the perfect area to understanding this phenomenon where it could be found

some evidence of the deformation of tectonic activity that happen in this area.



1.2 Study Area

This research will conducted about the tectonic deformation and
depositional environment of Gua Musang Area which is will consist about the
beginning of the forming of that area and study about all of the phenomenon that
had happen through the age at this area. The study area was the place that are

already prepared with some access from the government to help villagers in term

of daily activities.
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1.2.1 Location

Lojing is located in Gua Musang Regency in Southern Kelantan Province
with coordinate 4°43°00” - 4°46°00” N, 101°43°00” - 101°46°00” E, covered
25km? with dimension 5x5 km on scale 1:25,000. Technically this area of Gua
Musang consists the stratigraphy that are correlated with Telong Formation. The
Gua Musang area that form from Permian — Triassic Era that are consist of lot of

the fossil and other rocks.
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1.2.2 Accessibility

The study area are located on the highway where connected with two
country which is Kelantan and Pahang. The highway that have been named as a
Highway Gua Musang — Cameron Higland is one of the highway that have been
used many people from Gua Musang to Cameron Highland. With this
accessibilities community get the facilities for daily activities for some work that
needed to explore and discover in the way to get on the destination. The road that
connected to Cameron Highland which is it is one of the resort area and tourist

attraction in area of highlands.

1.2.3 Demography

Refer to the government agencies which is by Department of Statistics of
Malaysia, there are 32.73 million humans that are live in Malaysia from 14 state
and about 1.89 million people are from Kelantan. By the statistic from Department
of Statistic Malaysia (DOSM) state from the latest statistic show the population in
Gua Musang is 86, 189 which is 4.6% from Kelantan population where it is
divided by 64,253 (74.55%) Malay, 12,570 (14.58%) Chinese, 350 (0.41%)
Indian, 161 (0.19%) other ethnic like Orang Asal (Indigenous People) and about
4,985 (5.78%) Non Permanent Residents where some of them come from other
country like Thailand, Indonesia, Myanmar, Philipine, Bangladesh and others

where they come here for works.



Map 1.2: Accessibility in study area
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1.2.4 Landuse

Basically, in this area are population of Orang Asal (Indigeneous People)
where they usually work on farming the some herbs and other plantation for daily
uses other than for sales to the community on Pos Blau and surrounding area.
Beside, refer by Department of Statistic of Malaysia (DOSM) stated that on this
study area also have oil palm plantation and rubber plantation from one of the
largest company operator from Federal Land Development Authority (FELDA)
and Federal Land Consolidation and Recovery Board (FELCRA). Other than that,
there also have some development in term of the tourism community where on
Jeram Gajah is one of the tourist attraction where it is all about the waterfall that

flow on that area.

1.2.5 Social Economic

Obviously, on this study area, the social economi is more focusing on two
different part by two community where can be seen the first community which is
the developer with the high company will develop on plantation area and tourist
area beside providing job opportunities to the community especially to the
villagers. Second community is Orang Asal (Indigeneous People) is where they
will develop and create the peace situation between them where their do the norm
of their population doing a long time ago like farming, fishing and other.
Sometimes this area and the community also can be one of the tourist attraction to

know and understand more about archipelago community.
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1.3 Problem Statement

Development in rural and urban area is one of the method for being a
successful area of any territory area, for being most iconic place for combination
of handmade product and manmade area for plantation and development study.
The fault that consist in between 3 corner of Gua Musang Formation, Aring
Formation, Telong Formation was placed that are popular with highway road that
were connect between Kelantan Colonies and Pahang District.

Lojing, where the study area was located are the area where connects
Kelantan and Pahang is slated for future developments to increase the standard of
living of the local community that stays close by. However, from the previous
research there is no comprehensive geology and structural ananlysis that have been
updated on the study area. Meanwhile, some of the studies that been conducted in
this study area, there’s are less related on the structural analysis that discuss on
tectonic deformation.

This research would be one of the advantages for make an updated data for
geological map and the development for that area. In fact, with this research also
can be identified the potential area for development method and rural placement
for the better life in future. Moreover, from this research also would conducted
about an updated towards tectonic deformation and depositional environment on
study area where the goal of this study are more to analysis to use measurements
of presents rock geometries to discover some information about the Eart’s history
on that area and understand about the stress field that will be proven by the

observation on structure.



1.4 Research Objective

I. Generate a geological map in the study area through the interpretation

from secondary data process.

ii. Produce a structural maps by analyzed using stereonet to see the fault

density and stress system.

1.5 Scope of Study

Focusing on the general geology where to identify the structural geology,
geomorphology and stratigraphy will come out with the geological map of Gua
Musang, Kelantan. There is where the process of doing this research will be use
the method where focusing on analyzing, conducting and interpretation of the data.
Besides, the research also will be conducted in measurements and analysis on their
structure to updated the information of deformation history of the rocks while
more understanding about the stress that could be the references in the future.
From this research, the data that have been collected will be analyzed by using two
different application which is Dips 7.0 for identify the potential deformation and
analyzed the bedding planes, fold planes, fault planes and joint. Other than that,
ArcGIS 8.0 will be used in updated the geological mapping on the study area and
classify the lithology for the rock unit.

The secondary data like dips, dip direction, strike and joints from previous
research and collected data from other agencies will be taken for determine the
direction of the principal stress of the deformation.

10



1.6 Significance of Study

This research will conducted the geological mapping by using the
topographic map with scale 1:25,000. By doing this research, it will provide the
geological structure, rock identification for confirmation and study of the
formation on study area. Focusing on the deformation, this research will updated
the latest geological structure of tectonic deformation of Gua Musang and recover
the lacking data from the previous mapping. In fact, after the research, the
geological map can be used to the society, geologist, student and government for
the development of surrounding area.

Otherwise, for proper planning and construction development,
Stereographic analysis will be used for collecting the data and interpret the data
collection for more identification of the best and low risk for development area
and can prevent from any disaster like earthquake, flood, landslide and others. For
development and plantation area like Lojing, is a big opportunity for this study
because it will give some of awareness of risk assessment and potential of hazard.
Beside, other than that, this research also can be used and acknowledge for
identification of mineral and classification of rock also will be done by using the
application of science where all the sample will be bring to the laboratory for
experiment.

Beside, to support the study, data would be collecte from the previous
research and previous study which is located at the same place, Lojing. The data
collected will be supported with some significant result that considered the

location and study that purposed on that area.

11



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Generally, this research explain about the tectonic deformation that happen
to the rock by certain elements and phenomena that causes the deformation
happen. Literally, the deformation happen because of the stress and strain that
pressure the rock other than the temperature happen on the rocks. The deformation
can be detect by studying about the brittle or ductile deformation with some of the
experiments towards the rocks. By this research it would explain about the
deformation phenomena that happen on when continental crust exploid and how

the continental drift affect to the deformation of the rocks.

2.2 Regional Geology

Earth’s history shows the some magnificent occurrence of formation of
tectonics plate and the whole of the universe. The tectonics plate were one of the
prestigious thing that happen on this Earth’s surface. Beyond the years, that are
many revolution and formation are built in term of the miracle process of the the
Earth’s. This activities not just happen in certain area but it is include the whole
of the universe include the Peninsular Malaysia. The Peninsular Malaysia is form

by collision of two huge terrences which is Sibumasu and Indochina to form

12



Bentong Raub Suture at the end of the Permian. By the beginning of Mesozoic
Era, uplifted and subaerially were exposed at Peninsular Malaysia (Lee, 2008).

These occur a continuous outcrop along the axial belt running from the
north in the state of Kelantan to south state of Johor (Khoo, 1983). The uplifting
of the blocks craft the two areas of marine sedimentation, namely the northwestern
Kodiang — Semanggol Depocenter (Lee, 2008) and Gua Musang — Semantan
Deponcenter is the Central Belt of Peninsular Malaysia where it shows that it was
the largest deponcenter built on the Easetern Province’s Upper Palaeozoic shelf
deposits and consisted of Peninsular Malaysia Central Belt and Eastern Belt.

According to the Yin (1963), approximately 250 mi? were occupied a
surface area by Gua Musang formation. Where its predominantly in south
Kelantan where located of Gua Musang area contain with argillaceous and
calcareous sequence interbedded with volcanic and arenaceous rocks. The
formation of Aring consists of dominant pyroclastic sequances which is tuff with
a thin interbedded layer of argillite and marble. According to Yin (1995) Aring
Formation predominant by volcanic where it is excluded from the Gua Musang
Formation.

History of Malaya area shows that there are involve the contexts between
two tectonic which are consists part of an orogenic belt extended northward
through west Thailand, east Burma and southwest China and southward Indonesia.
By Late Triassic orogeny and plutonism are been shown on this belt where tis belt
are cratonized, so subsequently, by the part of Sunda Shield, Malay was formed
and the recorded of geological history of Malaya started with Cambrian to Silurian
orthoquartz-ite-carbonates fades, largely predating geosynclinals condition which

apparentsly initiated in the later of Ordovician period. By the existence of the
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geosyncline, it comprised a eugeosynclinal zone where it located in the eastern
and axial parts of the country and a miogeosynclinal zone situated on western
Malaya. The succession geosynclinals was on an Ordovician to Lower Denovian
euxinic facie swat the earliest to be known and the facies passes up into flysch od

Middle Denovian to Early Carboniferous age.

2.2.1 Historical Geology

Gua Musang stratigraphy is classified on the lithology of the area and
costamize refers to Department of Mineral and Geoscience Malaysia (JMG). For
the study area was Aring location, were believed that Aring have the same
lithology like Gua Musang were it consists by five types of lithologies which is
limestone unit, interbedded sandstone, siltstone and shale unit, phylite, slate and
shale with subordinate with sandstone and schist unit, felsic unit and also alluvium
units.

Those of the lithologies are well grouped in Palaeozoic and Mesozoic were
been looked at the age of the rock and the research before shows the same result
as well. There was a carbonate platform on the East of the Gua Musang Basin
which are rhought to have existed due to the Aring Volcaniclastic deposition. In
fact, with the fantastic fossil from the family of brachiopods and fusulinids in
marble outcrops, shows that the shallow water depositional environment emerges
with the fossil where instability continued and its affected the southern margin that
cause the basin to experience higher subsidence rates and being posed by the

outliner shallow water limestone.
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2.2.2 Structural Geology

Gua Musang Formation happen because of the collision between Sibumasu
plate and Indochina plate, from this collision there woul happen some part that
called structural geology. In structural geology it will be discussed about faults,
folds, joints and the other structure in the lithosphere and also on the occurence
the formed of the site. In peninsular Malaysia it is be divided into terranes which
from Sunda shelf which is Eurasian plate — Indochina and Sibumasu (Shan Thai)
terranes. The evidence in identified this two terranes can be see on Bentong — Raub
Suture Zone where from the nortwards subduction of Palaeo — Thethys Ocean
underneath Indochina in the Late Palaeozoic and Triassic collision of the
Sibumasu terrain with under thrusting of Indochina.

In the middle Permian the oceanic sediments were occur with indicates that
the Palaeo — Tethys was devided into two depositional basin where in the Western
Belt, there are Semanggol basin while in the Central Belt there are Semantan/Gua
Musang/Aring basin which these basin were separated by Bentong Raub Suture
Zone. Meanwhile, the Bentong Raub Suture were extension to the north and south
speculatively since the exposure is limited only to Bentong — Raub and Kuala Lipis

area.

2.2.3 Stratigraphy

Western part of Southern Kelantan were distributed by the Lower
Palaeozoic Rocks of Bentong Group that are distribution of the Permian and
Triassic sedimentary rocks, meanwhile in East of Kelantan were found the
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sedimentary rocks that are from Jurassic — Cretaceous (Kamal Roslan, 2006).
Raub Group in Pahang and Kepis Beds in Negeri Sembilan on the Western part of
the Central Belt was affected by Upper Palaeozoic rocks of Gua Musang and Aring
Formations in South Kelantan and Taku Schist in East Kelantan, to the South are
Raub Group in Pahang and Kepis Beds in Negeri Sembilan. The Upper Palaeozoic
consists mainly of argillaceous strata and volcanic rocks with subordinate
arenaceous and calcareous sediments with occasional submarine valcanism from
the Upper Carboniferous towards Permian to Triassic. In South Pahang and Johor,
the Lower Triassic lava was unconformably overlies on Permian phyllite by
indicating a transfer from submarine to subaerial volcanism in there.

In Kelantan, there are seven formation that are built up in stratigraphy
record, there are Aring Formation, Taku Schist, Gua Musang Formation, Telong
Formation, Gunung Rabong Formation, Koh Formation and Badong
Conglomerate. During the Palaeozoic Era, Aring and Taku Schist were formed
while the others are formed during Mesozoic Era. Aw on 1976 were introduced
Aring Formation in the Sungai Lebir Valley, which is the lower reaches of Sungai
Aring and Sungai Relai in South Kelantan consist a mainly predominant of
pyroclastic series. On late Carboniferous to Early Triassic was ranging age where
it is indicated by fossil evidences. The upper layer of interbedded with slate or
limestone, there are formed as the Paloh member where the entire formation
reported about 3000m of total thickness and 1000m. Although the Koh Formation
was overlain the Telong Formation was unconformable and inaccessible. Sungai
Relai and Sungai Nuar was the type of locality where it is tributaries of Sungai
Lebir where the unit named after Sungai Aring that are another tributary of Sungai

Lebir.
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The Triassic lies conformably on Permian in southern Kelantan (Aw,
1990). Probably, Aring Formation are forms uncomformable contact with Koh
Formation to the south area. The Aring Formation stratigraphy reveals that the
connection between Gua Musang Formation and metasediments in Southeast
Pahang (Lee, 2004). Throught the stratigraphic range is unclear that the Raub
Group together with the Pahang Volcanic (Aw, 1990). In fact, the Aring Formation
stratigraphic equivalent is seen in East Johor which is Sawak metasediments and

Dohol Formation (Aw, 1990).

2.3 Sedimentology

Central belt of Peninsula Malaysia shows the formation that formed
between Permian to Jurassic age at the Central Belt's Paleozoic rocks that as a
linear belts flanking Mesozoic sediments were consist with consist Permian
clastics with Carboniferous limestone outcrops. The western region of Central
Belt consisting of Gua Musang and Aring Formations upon Upper Paleozoic rocks
in southern Kelantan and Taku Schist in eastern Kelantan, while in the south is
the Raub Group in Pahang and Kepis Beds in Negeri Sembilan. Primarily, the
argillaceous strata and volcanic rocks are deposited in a shallow-sea environment
on Upper Paleaozoic rocks with subordinate arenaceous and calcareous
sediments, with sporadicsubmarine volcanism starting from the Upper
Carboniferous and peaking from the Permian to the Triassic. Southern Pahang and
Johor, the Lower Triassic lava overlays unconformingly marking a change from

northern to southern underwater volcanism (Hutchinson & Tan 2009).
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Generally, the marine Triassic sediments upon Central Belt are more
tuffaceous related to the Western Belt rocks of the same age (Mohd Shafeea
Leman, 2004) and Aring Formation, Telong Formation, Nilam Marble Formation
and Koh Formation, respectively with mapped the Aring area are four formation
that have been divided, Aw (1990). In Kelantan and northern Pahang, the Permo-
Triassic which is Aring, Gua Musang and Gunung Rabong Formations consist
primarily of shallow marine groups and volcanic interspersed carbonates, while
deeper marine turbidite sediments are more prevalent in the Telong Formation to
the south. (Mohd Shafeea Leman, 2004).

It is believed that Upper Permian-Upper Triassic age is Telong Formation,
which overlaps Gua Musang Formation. The rock sequence of this formation
consists mainly of thin tuff, andesite argillite and marble. The ammonoid
assembly suggests the 240 — 220 million years ago on Middle — Late Triassic
period (Hussain Zakaria et.al,. 2008) and belonged to the province of Tethyan,
(Dony Adriansyah Nazaruddin et.al,. 2014).

Two sedimentary rock outcrops of Telong Formation found middle triassic
ammonoid fossils. The outcrops are located along the road between Gua Musang
Town and Kuala Berang in Felda Aring 5. These two sites contained two
ammonoid assemblages associated with the Tethyan region's Standard Ammonoid
Zone (Ahmad Rosli & Mohd Shafeea, 2010). In thin layers of dark grey tuffaceous
Telong Formation mudstone formed from mud deposited in a deep-water marine
environment, a large assemblage of ammonoid fossils was found. Other fossil
fauna along with these are cephalopods where also include some bivalves and
crinoids (Mohd Shafeea Leman et. al,. 2008). Some discovered fossils recorded

from this region are include molusc fossils like ammonoids, bivalves and
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grastropods with brachiopods where represented to the The Middle Triassic —
Anisian period, (Ahmad Rosli & Mohd Shafeea, 2010).

Palaeo-Tethyan oceanic ribbon-bedded cherts preserved in the suture area
in age ranges from Middle Denovian to Middle Permian and me’lange includes
chert and calcareous clast ranging from the Lower Carboniferous to Lower
Permian. Triassic limestones are commonly distributed in the Central Belt of

Peninsular Malaysia, according to previous discoveries (H. Fontaine, 1995).

2.4 Regional Tectonics

Theory of the Earth by James Hutton, 1795 stated by Windley, 1995 in his
journal describe that “uniformitarianism” refers to “plate tectonics is the key to
the past”. It is because, plate tectonics was one of the paradigm that can be applied
convincingly back to the beginning of the geological history by understanding of
the Earth’s process, where by time, the process of tectonophysical and
geochemical process was one of the greater heating production. In this process of
plate tectonics, oceanic and continental rock were produced to perform the tectonic
boundaries. Simple words, studying the plate tectonic is refers to the structure,
formation, setting and evolution of the tectonics plate where definitely show the
whole of the geological history from the beginning of the Earth until present.

On behalf of Charles Lyell, (1836, 1837) on his books, Principle of
Geology through Windley, 1995 state that uniformitarian was the ancient changes
of animate and inanimate world where can be find memorials in the Earth’s crust,
it could be the similar both in kind and degree to those which are now in progress.

According to Bailey, 1962, Lyell conduct others to understand the term “from the
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known to unknown” where there started with the recent and worked backward.
Logically both between Hutton and Charles totally want describe that to know the
beginning of the Earth’s history with investigate and know more about the tectonic
IS where do start from the learn about continental drift or oceanic ridges and how
it become the movement of the plate tectonics to form all the fantastic creature of
environment by this phenomena where its build the highest mountain of Himalaya,
the historical of geyser in Iceland

There are two types of plate tectonic where each types of plate boundary
generates distinct geological process and landform (Hutton, 1795, Windley 1995):
divergent boundaries and convergent boundaries. The divergent boundaries are
where the plates separate to form a narrow valley by the time it will also forming
a new crust from the solidies that are from the basalt but it will never really
separate because the magma continuously move up from the mantle into the
boundary and build a new plate material on both side of the plate boundary. The
convergent boundaries is the plates that collide with one another where the
collision buckles of edges of one or both to forming and creating the mountain
range where there were subducting one of the plates under the others that can made
up the subduction zone with deep trenches.

The Theory of Plate Tectonics by Jackson 1994 in Kearey, Klepies &
Vine, (2009) books Global Tectonic state that the Earth’s solid outer crust where
the lithosphere will separated into plates that moves over the asthenosphere. The
molten upper portion of the mantle and the oceanic and continental plates come
together, spread apart and interact at boundaries all over the planet. Obviously,
can be define that the tectonic plates boundaries have diverged, converged and

reshaped the Earth’s throughout the geological history where can be able to
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observe, and measure the raising and eroding the mountain, expanding and

shrinking of the ocean, volcanoes erupting and earthquakes striking.

2.4.1 Convergent Boundaries

This boundaries Only deep-sea trenches and associated 'subduction zones'
exist in the strict plate tectonics sense. Regions of active mountain building on
continents (e.g. Alpine-Himalayan zone) are plate convergence zones which are
characterized by broad and almost continuous deformation zones. This is partly
because the continental lithosphere is softer and harder to deform than the oceanic
lithosphere, and partly because it is less thick and subduction is not easily
removed. Plate tectonics does not give these large continental convergence zones

a very useful explanation.

Subduction Zone

. s Accretionary \olcanic
Thin Oceanic
i Ao o Wedge Arc

Asthenosphere

Figure 2.1: Subduction zone in convergent boundaries

Where one of the converging plates consists of oceanic lithosphere, the
other can overtake it and, in a phase known as subduction, force it down into the
asthenosphere. This can happen since the oceanic lithosphere (unlike the

continental lithosphere) has a similar density to the asthenosphere underlying it. If
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both plates are oceanic, either one may be subdued under the other, and often the
‘polarity’ of subduction may reverse depending on local conditions (i.e. the
subdued plate breaks off and eventually becomes the overriding one, while the
overriding one starts to subduct). The plate boundary at a subduction zone is
marked by a deep trench, the deepest and perhaps most prominent of which is the
western Pacific Mariana Trench, whose base is more than 11 kilometers below sea
level. It is deformed, when the slab subducts, and causes earthquakes. Such occur
in a narrow band, known as the Wadati — Benioff line, which matches the
subducting slab location and is some of the best evidence of the presence of
subduction zones.

Subduction zones are rather complex and involve both compression
deformation which primarily at the actual boundary of the plate and at the leading
edge of the overridinf deformation in local areas where maily with the subductiong
plates bend to begins its descent. This is reflected by earthquake mechanisms, and
also show variation in mechanism with depth in the subducting plate. Many of the
world’s largest earthquakes apply to area of subduction where it heats up and gives
off the water trapped in the crustal rocks as the slab goes down. The presence of
this water decreases the melting point of the surrounding mantle and magma is
formed at a depth of about 100 km that rizez to create a volcanic arc which a
hundred kilometers or so behind the trench through the overriding plates where it
is depending on the angle at which the slab descend. The theory of plate tectonics

allows oblique subduction as with ridges and normally relative.
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2.4.2 Divergent Boundaries

This boundaries often occur on the mid-ocean ridges, which are the sites
of the formation of new lithosphere by the spreading of the seafloor. Typical
examples are the Mid-Atlantic Ridge, and East Pacific Rise. Extensive tectonics
dominated by the natural faulting and extensive local mechanism form the
earthquakes define these limits. The separation or spreading direction of the plate
is generally approximately orthogonal to a divergent plate boundary but this is not
sufficient and there are relatively common ridges of greater or lesser degree of
obliquilty.

Passive Continental Mid-Ocean Thin Passive Continental
Margin  Sediment Water Ridge Oceanic Crust Margin

45

Figure 2.2: Mid-Ocean ridges by divergent boundaries

As the new plates is formed at the boundary, the mid-ocean ridges
associated with these boundaries of the plates emerge, hence, the plate grows older
with increasing distance from the boundary of the plate and as it does, cools
becomes denser and thermally contracts. The plate boundary is therefore the
region's youngest, hottest, and shallowest, forming the mid-ocean ridge crest.
Detailed plate boundary morphology tends to depend on the temperature of the
underlying mantle, which is regulated mainly by the rate of spread. For 'slow

spreading ridges' (with a plate separation rate of less than about 60 km per million
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years), there is usually a 'medium valley," a few kilometers deep and a few tens of
kilometers wide, formed by rifting.

To support rifting at ‘fast spreading ridges where it is separation greater
than 70 km/million years, the plate is too hot and thin with then there is a high
axial volcano formed. Ridges are formed at depths of approximately 60 km by
melting the dry mantle, releasing basaltic magma. Basaltic volcanism is
widespread at the borders of the mid-ocean ridge plate. Plate tectonics theory
makes it possible to spread asymmetrically as one plate accreting more rapidly
than the other. The average net effect over millions of years is usually around

symmetric, although transient asymmetric spreading is common.

2.4.3 Transform Boundaries

This boundaries are those where plates slide past each other with
essentially no convergence or divergence; thus, they preserve the adjacent plates'
areas. Because of this, they have significant property that they are precisely
parallel to the direction of the relative plate motion and can be used to approximate
it. Transform boundaries are defined by earthquake strike-slip faults and strike-
slip mechanism. The San Andreas Fault Zone in California, USA is a typical

example of a transform boundary.
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Figure 2.3: Transform boundaries

A transform boundary consists of a single fault called ‘ transform fault’ in
the plate tectonics theory, but there is sometimes a region of such fault a few
decades wide in practice. Since there is no large-scale convergence or divergence
at these boundaries, there is also very little verticle relief while tiny valleys and
scarps normally mark the trace of the transformation fault itself. Transforms link
other boundaries of the plate, and can thus ‘transform' one type of tectonic
boundary (e.g., extensional) into another (e.g., compressional) hence the name.
many transformation faults offset the mid-ocean ridges creating an alternating
ridge staircase pattern and transforming boundaries. The length of such offsets
varies from a few tens kilometer to over 1,000 kilometers. Boundaries of

transformation occur in both continental and oceanic lithospheres.

Roughly there, from this research it is more concern about the deformation

and tectonic on Gua Musang area which is include all the tectonic setting that

happen from the existence of the Gua Musang Formation.
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2.4.4 Normal Fault

Normal Fault

4 \

Hanging Wall Block Footwall Block

Figure 2.4: Normal fault

Normally, it is the fault where the hanging wall has been sliding down
compared to the footwall. Normal fault can dip at any angle. Average high angle
faults normally dip between 50° and 70°, and show fairly straight topographical
traces. Detachment faults (a special class of normal low-angle faults) can,
however, dip below 30° and closely conform to topographic contours (Rowland
et. al, 2007) . Usually, normal faults position young rocks in the hanging wall
against older rocks in the footwall, that is, the fault dips towards the younger rocks
(Rowland et. al, 2007). Depending on the angular relationship between the fault
and bedding, normal faults may cause strata to be skipped across the fault

(Rowland et. al, 2007), or the repetition of strata across the fault.
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2.4.5 Thrust Fault

Reverse Fault

Hanging Wall Block

Generally, this fault is a reverse low-angle fault, usually dipping below

Footwall Block

Figure 2.5: Thrust/Riverse Fault

30°. Thrust (reverse) faulting allows older rocks to be put on top of younger rocks,
— for example the fault dips into older rocks. This results in strata being replicated
through individual faults. Faults in thrust (reverse failures dipping at angles less
than 30°) will carry fairly thin sheets of rock over distances measured in tens of
kilometres. Often a part of a thrust sheet travels farther than an adjacent section,
leading to a tear fault forming. Tear faults are strike-slip faults confined to the
upper plate (hanging wall) of the thrust which they strike parallel to the direction
of movement.