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ABSTRACT

Sabah is a result of compleectonic mechanism shaped by the collision of three major
tectonic plates in which include tHeurasian, Ind@\ustralian andPhilippineSea plates triggering
the formation of rifts, basins, island arcs and mountainous range. The targeted formations of this
study are the Sapulut an@anjong formationsTherelationship of thesdormations andthe
circular basinsare still constrained Pinnacle of this study ievoving around the structural
geology and sedimentology, with added minor study on how the shale diapirs could be a potential
factor of the construction of the inaugural Maliau Basin.

Outcomes of the field study suggests that the area is structurally affdayeshearing of
wrench faults whereas the sedimentology of the formations indicated deep marine and distal
deltaic depositional environmentnterpretation of satellite images, field apping, thin section
and rose diagram areonducted in an attempt to kéer understand the unfolded story dfow
these formations wergeologically formed.
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CHAPTER 1

1.0 INTRODUCTION

1.1 Background of Study
Borneo is a result of Mesozoic accretion of ophiolitic, island arc crust and

microcontinental fragments of south China and Gondwana origin, with their sedimentary cover,
onto the Paleozoic continental core tife Schwaner Mountains in the southwest the island
(Hamilton 1979; Hutchison 1989, 1996a; Metcalfe 19Rigprous tectonic took place in the
northern region of Borneo in wbi include extensional tectonics, compressional tectoaiug
subduction of crustal plateReal life analogy to represent thehale cycle is imagining a young
boy playing a plasticine, if he collides two blocks of different coloured plasticines, parts of the
plasticine will subduct and some other parts will upléeologically, the denser plates subduct
whereas the lighter onesplift.

During Paleogenehere wasuplift due to the southeastward subduction of the proto
South China Sea oceanic lithosphere under the northwest margin of Bokhebout the same
timeframe, Rjang Group in which includes Sapulut, Trusmadi and EaskéZrimrmations were
formed. Hutchinson (1996) referthis upliftF & G KS W{ I NI} ¢ { ddNB&BISYyeQ |
probably driven by collision along the northern Borneo mar@rogeny is the forces or events
which contribute to the forces that affect the G NHzO G dzNJ £ OKIlF y3ISa 2F GKS 9
Ad Ay fAYS 6A0GK 2NR3ISyeQa RSTAYAGAZ2Y HKSNB K
2L aA0S NBIFIOUAZ2Yyéd Ly (GKAa OFaSz (GSOG2yA0 7F;
structural fedures of the Earth.

The most significant tectonic history in between the Late Eocene and Early Miocene was
the collision between Dangerous Grounds/Reed Bank/North Palawan block and the Sabah
Cagayan Arc which uplifted the northern Borne®outhward directd movement of the
Northwest Sabah continental plate was linked to the opening of South China Sea, resulting in the
initial uplift of the Temburong and West Crocker formatiofise uplift and erosion of the Rajang
FoldThrust Belt (RFTB) and other formatsdied the depocentres to the Paleogene basins at the
west and east of Sabah. The erosion of the uplifted formations are contributing to the formation
2T (GKAA LINE 2 S Ois@kich aré dhpuliiaSdRranoriigNIY I G A

At about the approximate geologic tamn eastern Sabah, Sandakan and Tarakan rift
zones began to form, which was accompanied by explosive tectonism and chaotic dej®sits.
the rifts were widened, it was filled with the synrift deposits of shallow marine Tanjong and Kapilit
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formations. Contenporaneous compressional tectonism (west and northwest Sabah) and
extensional tectonism (eastern Sabah and Southeast Sulu Sea area) have formed a major period
of uplift and erosion, which created the Deep Regional Unconformity (DRU) or also known as
Uncon® NJY A (ApprodhiayEarly Pliocene, the Inboard Belt (IB) were uplifted and eroded to
feed depocentres, East Baram Delta and Outboard Belt (OB) (Hazebrdak, 1993) which
resulted in the formation of Shallow Regional Unconformity (SREyine a camoving towards

a destination, when the driver suddenly remembae left something, the car turns back, that is

an analogy to describe the events where there is a reversal in tectonic plates movement.

In the eastern part of Sabah, Miocene synrift deposigse not only uplifted and eroded,
but formed into circular and subircular shapes, presumably due to both shale diapiric
movement and wrench faultingcompressional event significantly affected most parts of Sabah
since Pliocene, pradibly extending to Ristocence. Folds and wrench faults (Semporna fault)
emerged as a result of northeasbuthwest compressional tectonismihe pinnacle of this study
is centralized orBapulut and TanjondHence, sedimentology and structural geology analysis of
this formations will be the key aspects of this research.

1.2 Problem Statement
¢KS LINRP2SOGQa YIFAY LINRoftSY (G2 6S FRRNBaaSR |1
structural geology of Sapulut and Tanjong formations, Southeast Sabah. The findings will assist
in predicting the depositional environment of these aforementioned formations.

1.3 Objectives of Project
(1) To interpretthe structural geology of Sapulu& Tanjongformations of the MaliauBasin.
(2) To predictthe depositional avironment of Sapulut and Tanjofigrmations.

1.4 Relevancy of Project
By understanding the tectonics evolution, structural geology and sedimentology of the area, this
project will contributeto new hypotheses on the Sapulut&Tanjofigrmations and their
relationship to the formation of circular basins of Southest Sabah. Consequently, these
hypotheses will shed some lights on understanding the deformation behaviour of the producing
neighbouring basin, the Tarakan basiiis project iyes the author a chance to integrate all
knowledge of his undergraduate study and internship experience. Furthermore, it is also related
to his final year major which is, basin reservoir studies.

1.5 Feasibility of Project
Among the biggest challenge for thpsoject is the accessibility of the outcrops for the targeted
formations Besides that, the experiments planned for this project is tailored according to the
FOFAfFoAETAGE 2F &ALISOAFAO SldaALIYSY(d Ay ForKS | dz
this project mapping, roadcuts, quarry and river outcrops will be focused on this study.
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CHAPTER RITERATURE REVIEW

2.0 Literature Review

2.1 Tectonics Evolution of Sabah
Regionally, the tectonics evolution of Sabah is basically affected by the complex tectonic

mechanisms caused by the collision of three major plates in which include the Eurasialahe
Australian and thd>hilippineSea plate This plate convergence led to the formation of various
subduction zones, island arcs and marginal seas, which haa feemed under variety of
conditions like baclarc spreading, continental stretching or trapping of oceanic crust (C. Kopp et
al., 1999)it is always unpredictable when three things collide at oncgyasimicof each tectonic
plate might vary.

Consideringhe timeframe within Laté&coceneMiddle Miocene, there werat least three
major episodes associated to the Northwestutheast compression twiding with the ongoing
subdudion of the protoSouth China Sedt was initiated by the Sarawak Orogewpich was
probably driven by collision along the northern Borneo margin and the subduction of the-proto
South China Sea in Northwest of Born€be uplift and erosion of the Rajang Grageretionary
complexprovided a source of sediment for the Borneough to the Northwest and Southwest
where materials were deposited ideep water settings suchs the West Crocker, Labang and
Kulapis formations (Balagur& Hall, 2009)Vhen a formation is uplifted, it is subjext to
mechanical and chemical weathering ian will cause it to erode or deform.

During theEarly Miocene, tectonic event which is linked to the subduction and collision
of the Dangerous Ground Continental Block to the Northwest Borneo is referred to by Hutchinson
OmMddpc v & G KSThdyds illoed hyMERRY i@ @egosition environment from
deep water to a shallow water deltaic setting (Balaguru, 2001; Balaguru et al., 2003; Van Hattam,
2005)The depositional environment altered as the sedimentation rate is presumed to be fast
which regidly turns the deep water to become shallow. This changes the depositional
environmentwhich will affect the grain size, where it is depending on the energy level as well.
lfGSNF A2y Ay ANFAY aAl S KIFI@S | K@y AFTAOlyi

In light of the aforementioned event, limestone outcrops in southern Sabataarly
correlated with the Early Miocene Gomantong Limestone Formation which contains clasts of
Labang Formation (Noad, 1998). This advocates widespread uplift folléwyedarbonate
sedimentation throughout the central and eastern Sabdburing Middle Miocene, the
subsidence in the central Sabah Basin is possibly related to coeval development of the Sulu Sea
Basin in a bachkrc setting (Nichols et al., 1990) or regionaértmal subsidnce (Ismail et al.,



1995). Theheory is supportedby the facies distribution and trend the Tanjong, Kalabakan and
Kapilit formations which indicatkethat detritus eroded from uplifted strata of the Rajang and
Kinabatangan groups in the wtwas deposited in a deltaic shallow marine system.

According to Rangin (1991), arontinent collision in the northern Borneo between
Cagayan Arc and Palawan Continental Block resulted in the formation of Middle Miocene
Unconformity (MMU, 15.5Ma) which marks the Deep Regional Unconformity in onshore and
offshore SabahThe aforementioned tectonic event somehow stopped the extensional tectonic
activity whichcaused an inversion of the early Middle Miocene sediments and continued post
rift sedimentation. Late Miocene tectonic event marks another major foldnd uplift which
can be correlated as the Shallow Regional Unconformity (SRU, 8.6Ma) of this region (Levell,
1987). On op of that, formation of the famous Mount Kinabatontributed significantly to the
supply of sediments. The Late Pliocene tectomigggered by NorthwesSoutheast trending
strike-dlip faulting and transpressiontdult movement resulted in major structural inversion and
uplift. Transpressiondiault movement is assumed to be contributing to the formation of the
Circular basin.
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2.2 Origin of Circular Basin

The origin of circular basin sparks many questimirwhat really caused the formation of
the unique circular shape which is almost crdike. Some researchers concluded that it
originated from broken formations and melanges of Sabah which indicate characteristics of
tectonic, sedimentary and diapiriaigin, suggested to have formed in Early Mioc¢Balaguru,
A., Nichols, G. & Hall, R. (2003pn top of that, uplifting and shallow water sedimentation
occuredduring the Late Early Miocene whereby the sediments deposited unconformably on pre
Neogene (Palaeogene) rocks which are more intensely deforfieese preNeogene rocks
Ay Of dzRS (KA A& &iaRts@hasbapNivandTadiofigac 2 F Ay

After beingdeposited on Paleogene formations, the shallow marine to fha\altaic
Neogene sediments which are composed mainly of coal beds had formed unigeeulbr to
elliptical shaped structural features. More interestingly, Balaguru found it to be occumrfaglt
bounded areasHowever,the structural style which affects the basin development in Central &
East Sabah is still tentatively studied.

Hence, he proposed the theory of transpressional faults which is elaborated more on the
upcoming literature redwsubLJ2 A Yy 1 ®2 AGK |y | NBF a4 6ARS a on]
Basii Q AY { l@$KAMREDOtarRISAOIl dzZ ¢ A Rdzy 3l A AWEHIY |+ YR

Therefore, this study aims in cross checking on the theory of transpressional faults with
the regional geology affecting Sabah, whether there is any more evidence that could strengthen
. F £ 1 3 dzND2R & diferferit pe¥sdective, Mazlavladon (1999)suggested circular basins
might be due to the effects of shale diapirs. The possibility is also thatethe formation of
these circular basins are the effect of joint forces of transpressional faults and shale diapirs
(discussed on uyppming sukpoint: 2.4).
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2.3 CirculaBasin

In the Pensiagan and Upper Kinabatangan Rivers in central Sabah, lies the Tanjong
formation which is characterised as a thick succession of sandstone, mudstone and
siltstone with some lenses of conglomerate. It is identified talls¢ributed as occurring

in several elliptical or rather, circular to selycular basins in the Maliau, Malibau, Bangan

and Bukit Garam areas. Although in contrary, present study has shown that the Maliau or
Meliau basins are in fact geonquirological featires and not basins of sedimentation.

Tanjong formation is divided in two units where Unit | is a lower mudstone and siltstone
dominated sequence. Another unit is known as Unit Il which is characterised by a
sandstone and mudstordominated sequence. Unitis overlain by Unit 1l to form a
coarseningupward megastructure. Coarse grained sandstone, conglomerate
carbonaceous mudstone and coal seams up to 5m thick are common in Unit Il. Tanjong
F2NNXIGA2YyQa GKAOlySaa Aa Saiwhichindlei2aba oS |
of Unit | and 1600m of Unit Il. Tanjong is dated around Late Early Miocene to Middle
Miocene by using nanofossils.

Sapulut formation is a part of the Rajang Group which formeddg rusmadi and
East Crocker Formation€ollenette (1965) stated that the Sapulut formation is a thick
succession (possibly 9000m) of slightly metamorphosed -the@pne sandstones and
shales with minor conglomerates, which lie unconformably on the baserifete is an
uncorformity which marksthe changes in compositional elemts between Sapulut
formation and the basement.

Its autcrops are distributed across massiaeeas of western and northern Sabah.
Lithostratigraphic relationships between the three formations of the Rajang Group are
obscureand contacts shown on maps of Collenette (1965) and Lim (1985) are generally
faulted. Age determination®f Sapulut Formationsange from Late Cretaceous to Late
Eocene, based on the calcareous benthic and pelagic foraminifera (Collenette, 1965), to
Middle Eocene (Rangin et al., 1990).

As it is shown on the stratigraphic champst likel\sapulut is deposited earlier
than Labang where due to its early deposition, it might bedlenents which affect the
formation of the circular basin from within the sulb$ace. In this case, it goes back to
Mazlana  R2y Qa (KS2NB 27F aKl S RAIlabdigNdimatiof R & NB
might has more shale composition than that of Sapulut, it is possible that the blend of
both formations contributed to the construin of the circular basi®ome of the
[Foly3dQa &aKIfS YAIKEG O2y il YAY I HoBever upltdbzf dzi F
today, there is no study to prove this theory.
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2.4 Shale Diapirs and Tramepsional Faust
As proposed by MazlaMadon in The Petroleum Geology ané@sBurces of
Malaysia, he clearlgtated that the formation of circular basin might be due to the
occurrence of shale diapirs and wrench fairench fault or tragpressionalfault as
suggested by Balaguru in his paper could also be the contributing factor.

The theory of shale diapirs asfactor for the creation of circular basin is strongly
supportedwith the evidenceof dominant shales compositiofargillaceous sandstones)
in the Sapulut and_abang formation which is suggested to be defgasand formed the
deeper section®f the circuar basin. Shale diapirs occur as a result of the lower density
shale vertically intruding a denser formation, driven by buoyancy due to the contrast in
density.Diapirism might be able to push up some fractions of its overlying strata, whereby
this mechamsm most lkely to cause the formation of uplifted strata enclosing the circular
basin However, there is no further study commenced to prove the shale diapirs theory.
Thus, this project is looking forward to find realistic methods suitable with its tamefr
G2 &adtdzReé (GKS ST¥¥SOUa 2F akKlIftS RAIFLANB G2 U
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Figure 4 :SCHEMATIGDDIARGAM OFHE SALT DIAPIROME
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Figure 5 :ACROSS SECTION OFSH#ELE DIAPIRS PUSHINHE OVERLYING ST/RA

Major Faults System

A - Meratua/Tarakan Fault
B - Tawau-Kalabakan-Tibow Fault
C - Semporna-Imbak Fault

N

Southern
Sabah

Orentation of the

pre-existing transform/

basement faults in the Southern Sabah

and NE Kalimantan areas which have been
reactivated as transpressional strike-slip faults

‘MAJOR FAULTS SYSTEM®H MAY HAVE CONBITED TO THERANSPRESSIONAL BEBLIP

Figure 6
FAULTSCOURTESY ®ALAGURU
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LS - Luis Syncline

Al Map View,
[Not 1o scale

MeS - Meliau Syncline
MasS - Malibau Syncline
SuS - Susui Syncline

S8 - Silimpopon Syncline
MpS - Melikop Syncline

|
Late Pliocene transpressional
strike-slip faults movements
produced the large scaleen echlone
anticlines and synclines in the
Southern Sabah.

The large anticlines breached
and became narrow fault
~ zone during progressive
deformation, strike-slip
faulting and transpressional
movements

Small anticlines formed oblique
to the major fault zone at later stage

during progresive deformation S

Figure 7 :THE ILLUSTRATION ONWI@HE TRANSPRESSIDSARIKSLIP FAULTS MOVEMBNRIGGERED THE
FORMATION OF LARGEAGE ECHELON ANTNEB AND SYNCL|NIDURTESY GALAGURU

Figure8beloiRA A LJ | @& GKS F2NXIGA2Yy 2F aFf26SN aidNWzO
which contribute the unsual or rather unique salvcular to circular shapes basins. Perhaps, the
GFE26SN) AGNUz2OGdzNB &<« | OG |y Ay wédaMdSoBserveltday T 2 NI

as the Circular Basins.
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7 PF- Pinangah Fault
LF - Lonod Fault
MF - Malibau Fault
LgF - Luosong Fault

The later stage NE-3W trending strike-slip
faults cross cutting the area. Major displacement
interpreted on the Lonod Fault with sinistral movement.

Most of the NW-SE and NE-SW trending strike-shp faults

produced flower structures K‘q‘\. @
e

Figure 8 :COURTESY GBALAGURUH.OWER STRUCTURESVHORON AS A RESULFNESWTRENDING
STRIKESLIP FAULTS CROSETTNG THE AREA

/ The'resent Day Structura
Style apd Outliers _—7

-
] _.J'\

/

8
H‘
#

The latest extensional faults modi fied
the older S5F related structures and widened
the original synclines and the ‘circular basins’,

Figure 9 :BALAGURLIS ILLUSTRATION OFETRRESENT DAY STRIRAL STYLES WHICHWMFFECT EH
FORMATION OF CIRCBLIBASINS
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2.5 Tarakan Basin: Structural & Sedimentology Characteristics

Located in Kalimantan of Indonesia, Tarakan basin is one of the nearest producing basin
which share a circulashape characteristics with the Maliau Basin whiclhésfocus of this study.
The Barito, Kutei and Tarakan Basins were part of a large and interconnected area of subsidence
and sedimentation in the Early Tertiary. During Miocene, there was an uplift which had
segmented the area into separate basins (Weed®8l van de Weerd and Armin, 1992; Awang
HarunSatyana, 1999). Barito basin is separated from the Kutei Basin by the Adang Fault whereas
the Tarakan basin is disconnected from the Kutei basin by the Mangkalihat Arch. Similarity
between Taraka& Kutei bagis is that both form embayments opening to the east towards the
deep Makassar Strait. Due to the uplifted western flanks, sedimentary fills of these basins tend
to deepen and thicken asymmetrically towards the edstthe Tarakan basin, the origin of
structures is closely related to sedimentary loading of successive deltaic deposits (Biantoro et al.,
1996; Lentini and Darman, 1996; AwaH@run Satyana, 1999). Awang suggested that the
terranes from the Sulu Sea to NNE of Borneo had converged with the Seariggh causing the
F2NNXIGAZ2Y 2F ¢lF N 1Ly oFaiyQa aiNHzOG dzNJ

Tectonics history of Tarakan basin started with extensional tectonics in the Middle
Miocene, initiating the basin by block faulting which is similar to neighbouring basins. Middle
Miocene wagrucial as it marked the subduction of Sulu Sea below the accreted continental crust
of North Kalimantan and this resulted in the extrusion of Neogesleanics in the Semporna
Peninsula. It was also responsible in the formation of-S8RVtrending, SE plung folds in the
Tarakan Basin. Now, the fold axes are represented by the islands of Sebatik, Buyu and Tarakan.
Formation of these folds had been suggested due to wrench faults in the basin itself
(Lentini&Darman, 1996; Biantoro et al., 1996; Awatayun Satyana, 1999). Progradation of
deltaic succession during Middle Miocene to Pleistocene resulted in grawthng with rollover
structures which aligned perpendicular to the sedimentary flow and subsiding towards the east.

Based on PrakasK. SingR & aktB, 4tSeveals that Tarakan basin coals of East
YEEAYlLYGryS LYR2YS&aAlF FTNBE KAIK Y2Aaldda2NBI KAIK
WANF Yyl !'Q O2Iftd DSYSNrttesx ¢INI{ly olaiyQa 02
liptinite, inertinite and pyrite. The macerals found are characterised as predominance of wood
derived tissues based on high TPI valiiseral matter though occurs in small concentration, is
mainly dominated by argillaceous one which is seen to occupy cell lumerisaatdes.Organic
facies obtained from maceral and microlithotype analyses indicated that these coals had evolved
in a telmatic environment.
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Figure 11 :LNEAMENTANALYSIS OF THERAKANKUTER BARITOBASINSKALIMANTANINDONESIA
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CHAPTER 3: METHODOLOGY

3.0 Methodology
3.1 Research Journal and Technical Papers

In an attempt to better understandhe regional geology oSabahgextensive study of previous
publications had beeandertaken. Tectonics evolution, structural geology and sedimentology of
northern Borneo (Sabah) are among the aspects focused in this study.

3.2 Digital Elevation Model (DEM)

Digital Elevation Model (DEM) data is utilized in this project in analysing tmeagpbology and
structure of the topography. On top of that, it is also applied to search for potential outcrops as
well as to understand the general geology of the targeted arearder to update the map with
recent interpretations and discoveries, tigeologic map is overlaid on top of the updated DEM.
DEM not only can assist in making cross section map, study of drainage distributions can be
studied as wellBy understanding the drainage patterns, the deformation patterns could be
understood as well.
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2,500 m

Om

-2.500 m

Figure 12 :DEMOFNORTHNESTBORNEQSABAH.

3.3 Satellite Imagenterpretation

Since the study are have limitation in terms of outcrop availability due to vegetation and
development, Landsat 7 image image obtained from Arc G(& any other satellite data, search

on this, data is free ohttp://earthexplorer.usgs.goVy will be used to study the lineaments in
this area to give us more information on the deformation behaviour of this arba.advantage

of using satellite image is that palelvainage system can be alysed bytuning the colour bands.

3.4 Field Work

In balancing between mastering the technological software and understanding the fundamentals

of geology, a field work is planned to construct a road transect around the Maliau Basiilagea.

0221 SYiUuAdtSR !y LYGNRRdzOGAZ2Y (G2 DS2tf23A0Ift |
in planning the field work during the semester bre&kuring the fieldwork, plenty of samples

have beercollected to bestudy on sedimentology of the @ea and deformation behaviour of each
formation.During the fieldwork, strike and dips data acquired will be useful in understanding the
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orientation of deformation and making sense of the tectonic history of the targeted area.
Samjpes collected have beegprocessed into thin sectiofdiscussed in next syoint), thus the
sedimentology and possible depositional environment of the sediments camdypreted based

on the available field data.

3.5 Thin Section

Samples collected from the field trip are processegroduce espective thin sections which are
essential for petrography studie€omponents, texture, sedimentary structurasd lithology of
samples have beeidentified to gain ideas on depositional environmeiihe main equipment
utilized in interpretirg and analysing #hthin sections is the polarizingicroscope. Procedures
involved inmaking the thin sections are tHellowing:

1. The samplenas preparednto a size which can fit onto the glass slide.

2. One side of the sampleas polishedvith 75 micron green silicon carbide powder so that
the base becomefat. At the same time, 1e side of the glass slideas polishedvith 75
micron green silicon carbide powder to make it become frosty.

3. Resinwas applieconto the base of the sample antick onto the frcsty side of the glass
slide. The glued sample was drigader U\iray and wait for the resin to dry.

4. The thin sectionwas polisheduntil it reaches a thickness whereby minerals can be
identified under polarized microscope.

5. Thin sectionwasinterpreted by using polarized microscope.

6. The imagewas captured for documentation

3.6 Rose Diagram
During thefield work, an adequatstrikeand dip data havéeen collected to construdhe rose
diagram. This frequency of lineament orientation will bety@d, which is called the rose diagram.
Major or high frequency angle will be characterized as the structure of greatest dominance.
Furthermore, the direction of forces and mode of fracture affecting the structure development
will be determined by interpriéng the rose diagram.
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3.7 Workflow & Gantt Chart (attached in appendix)

DEM & SAR image
interpretation
¥
Samples & field data
collection
¥

¥

Point Load Test, Rose Diagri
((LEINERIS))

$

Sandbox model

¥

Data analysis & dissertation
write-up

Figure 13 :WORKFLOW OF THEIALYEARPROJEC(HFYPWITH REGARDS JOB SCOPEF THE AUTHOR

3.8 Project Key Milestones

. Critical literature review & DEM: JanuapApril 2014
Colkect samples anéfleld data: 1523 May 2014
Structural data analysis: 28 May 2014

Thin section preparation: 28lay ¢ 13 June 2014
Report writing: 131 August 2014

GbkhownpE
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CHATER 4RESULT&d Discussion

4.0 Results and Discussion
4.1 4.1 SyntheticCross Sectional Map

Coordinate: Tawau 4.2981° N, 117.8831° E

Figure 14 :MORPHOSTRUCTURMAP INDICATING THERGETED CROSS SBECIIDE
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circular basin |

_

Tanjong (Tj.)

Kapilit

alabaka

SE

Figure 15 :SYNTHETIC CROSS SECTUF THPALAEOGENE ANNIEOGENE FORTIONS ACROSS TMBLIAU

BASIN GENERATED BASKIDEM.
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Figure 16 :MORPHOSTRUCTURMAP INDICATING THERGETED CROSS SECAIGDNGHE ROAD TRAVERSE
FOR THEIELDWORK
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Tanjong

Sapulut

The map is not to scale, exaggerated

Figure 17 :CQROSS SECTIONAL ALONE TARGETED ROABVIEERSE FOR THE FUEBELDWORK

Two cross section maps were constructed to study the morphostructural distribution of
the area of study as part of the thorough planning for our future fieldwork scheduled in May
2014. The first cross section map represents a broader spectrum of the Maliau basin whereas the
second one is more focused on the road traverse which was plannextewind. Broader
spectrum cross section includes my compatriot, Sylafi g  NA SQa | NBF 2F addzRe
Kalabakan and Kapilit formations. This initiative is to provide a general picture of the distribution
of Sapulut, Labang, Tanjong, Kalabakan laagilit formations in the Centr&8outh East part of
Sabah.
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4.2  Satellite ImagénterpretationDiscussion
Located at about 190 km from the town of Tawau and 40km to the north of Kalimantan,
satellite image below is the Maliau Basin which has an approximate coverage &m39The
image below is a courtesy of the remotely sensed data captured by the LandsliteS@gource:
borneoforestheritage.org.n)y

Figure 18 :LANDSATSATELLIF IMAGE ONIALIAUBASIN

0 10 20
B DN N <

Coordinate: Maliau Basin, between 116" 44" - 117° 3'E and 4° 41" - 4° 56" N.

From this image, the high elevation zones are represented by darker (brown) colour whereas the
lower plain is highlighted in brighter (yellowish green) colourpeesively. Furthermore, the
drainage system of the environment is cleatiypwn by the light blue channels, some of which
starts flowing from the elevated (uplifted) zones through the lower plain areas.
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4.3 Road Traverse Map

w

i Tulitakan Taingbakas
LoNG PA SR o B S
Legend
@ Town
_ River
Road
Major
- 0 125 25 50 o
———= Gravel
/

Figure 19 : ROAD TRAVER$AAP SHOWSHE STATIONS QB TCROP ANALYSED ABR SAMPLEBARCGIS
SATELLITBMAGE (COURTESY QHVIS)
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Table for allstations of the study

1 Tanjong 0T & up @ e cpd Limestone with
Opp @It @ e boudinagelike structure
overlies by shale with
calcite veins
2 Sapulut 0T 3 qq® e opo Sandstone interbedded
Opp@lo @ e with shale,
Presence of cross beddin
flute marks &skolithos
3 Sapulut 0T 3 10Q@ e TT@ Sandstone interbedded
Op p @Ip & x>k with shale & silt,
Flute & ripple marks
4 Sapulut 0T & Qu U ex TT1T6 Sandstone with tool &
Opp @i & e ripple marks structure
5 Sapulut 0T 3 v @ e ToM® Sandstone with ripple
Opp @IC @ e marks structure
6 Sapulut 0T d oo ® e TL@ Sandstone interbedded
Opp@lo K e with shale & silt
7 Sapulut OuvdtT@ e T P Unconsolidated sandston
Op p @ XC & e interbedded withshale
8 Sapulut OLVHOoR eee TT1Ta Uncasolidated sandstong
Op p Lo p e interbedded with shale
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4.4  Lithomap

X7

2 ete,

Legend
@ Town
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Figure 20 :LUTHOLOGWIAP DISPLAYING TRBAD PATH FROTAWAU TAKENINGAU(COURTESY QMS)

34



4.5 Regional (Sabah) Lineament Analysis

7 AR
P U

Figure 21 : REGIONALINEAMENTMAP COVERING THE WESABAH INCLUDINGAPULUT ANDANJONG
FORMATIONS(COURTESY QMS)
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Figure 22 HGUREL: LNEAMENTS INTERPREFROM THE PREVIOWSP (HGURE21).
CAIdzNE HH aK2ga (GKS NBIA2YyIFE Fylrteara 2F {|

Tanjong formations. As early as 1930s, photogeologists studied fracture patterns which are
visible on aerial photographs as a means of inferring geologic striscturgeologic landmarks.
Usually, lineaments are geologic features which correspond rather closely to faults and fractures
defined in field. However, more recenthin the context of remote sensing, the term has
transformed to represent a broader meaningccording to James B. Campbell in his book,

GLYUNRRdAzOUAZ2Y (2

wSY20GS§

{ Sy 4 Ay Jeatdrevisihle/of ther Sy

aerial image.Fracture zones, shear zones and igneous intrusions are among thegmal
features which can be clsi$ied as lineaments. Shear zones might give rise to semi linear feature
on the aerial photograph, hence explaining the rounded or semi rounded lineaments around the
Maliau Basin area (refer both Figure 21 & R@¢sults if the regional lineament analysigl be
compared with the statiofby-station analysis in order to correlate and verify the regional trends

of the fractures.
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4.6  Stationby-station Analysis

Tanjon
Station 1: Tanjong formation E fom’aﬁgn

L _,,__«{ Calclier Veins l

GPS Coordinate:
N 4°39"17.6"
E 116°36" 45.4"

Elevation: 318m
above sea level

Limestone with
boudinage-like
structure overlies
by shale with
calcite veins.

(MF¥
4 Legend
jLimestone

Wl shate

Douartz Vein

Figure 23 :XETCH OBUTCROFOUTCROPESCRIPTIQBEDDINGTERONET ANDHIN SECTION GFATION
1, TANJONG-ORMATION
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Figure 24 : BOUDINAGHIKESTRUCTURE DISCOVERESTATIONL, TANJONG-FORMATION

Lithology of the first station is mainly characterized by limestone wikiokierlies by shale
with calcite veins. The main geologicafeature found on the limestonds the boudinagelike
structure which is somehow connected with each othétris not exactly the same like the
boudinage but, it only resembles the boudinage physical feaBoeidinagelike features which
is found here is the result of tectondriven extensional forces in this are&xtensional forces
subjected to this area causes the limestone to be flattened and formed the interconnected
boudinagelike structure.The ebb and flood of the tidal current typically scour the channels
between the upper reehes of the intertidal zone and the adjacent subtidal zone (Wayne, 2008).

Furthermore, the calcitgein is also a unique geological structure present ondhtsrop
where the limestone from beneath it act as the source of these calcite Vewsincanbe formed
in varying conditionsTo begin with, veins are defined as masses of rock which occupy fissures in
other rocks. Veins may have originated in many distinct ways and present a great variety of forms
and structures. Three main classifications ofigeaire veins of igneous rock, veins of sedimentary
rock and, veins of mineral deposits either by water or gaghs.difference between a vein and
a dyke is that dykes are usually narrow, often straightled and extends for a considerable
distance wherea veins are irregular, discontinuous and of limited extent. As the structure found
at station 1 is irregular, discontinuous and has a limited extend in lengtitehie is classified as
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a calcitevein, as shown on the righitand side of Figure 2Zhe calite is younger than the shale
as it intrudes into the shale.

Shale is most likely to be deposited in a low energy environment, which may be subjected
to deep marine odagoon environment. However, carbonate (limestone) usually deposits in
shallow marine ewmironment as it is the most ideal conditions for carbonate build Hence,
there is a probability that the shale was deposited itidal flat environment during the ebb,
which makes it possible for the carbonate to catch up during the flood.

There is ndracture present in this outcrop, thus the stereonet plotted is based on the
bedding of the limestoneBased on the stereonet in Figure 23[C], the strike of the bedding trends
towards the NESW directionDip direction, on the other hand, has a trendingieh propagated
relatively towards the NWSE directionThe fossil found (refer Figure 23[D]), is known as the
lepidocyclina cibidices which is dated as Miocene in age.
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Sapulut
w Station 2, Sapulut Formation - foml:ation

GPS Coordinate:
N4°42'24.1"
E116°29'36.3"

Elevation: 315m
above sea level

Sandstone (fine to
very fine grain)
interbedded with
shale. Presence of
Cross bedding, flute
marks and skolitoth

Figure 25 : OUTCROBKETCHUTHOLOGIDESCRIPTIQSTEREONEAND THINSECTIONDFSTATION?,
SAPULUTORMATION

Formation of &tion 2 is mainlyomprised okandstone interbedded with shale as shown
on Figure 25In order to interpret the depositional environment of this outcrop, it is not
conclusive to only count on the sandstone interbedded shale, which commonly exist in lagoonal
environment. Presence ofoss beddingigniicantly assist in unravellirtge outdNR LJQ& F2 NX | 7
history.A normal cross bed tells that it was affected by a flow, whether wind or water.
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1

Figure 26 : QROSBEDDINGTRUCTUREITH BOTTOM PART HFEDFOUND ON THEAPULUT OUTCROP
STATIONZ.

Figure 26 indicated a cross bedding where the lower pérthe sandstone had been
eroded, probably by weathering processes after being exposed on the surface. Cross bedding is
comprised of horizontal bedding or strata where its internal layers are inclined or tilted. The
tilting of the internal layers can bexplained by the postlepositional deformation. Cross bedding
usually form on the inclined surfaces of ripple marks or dumgpically, cross bedding indicated
its depositional environmenis affected bya flowing (water or wind) mediaCross bedding is a
sign of rivers, sulidal coastal or marine environments. Cross bedding could also be formed in
channelized deep marine slope where there is also flowing wa@eesence b skolitoth
(burrowing trace fossils) as shown in Figure 53 in the appemdikcated it was probably
deposited in asoft intertidal or shallow subtidal marine environment.

Since the tool marks are discovered at the bottom part of the sandstone, it could mean
that the bed was overturned. Tool marks adype of sole marking formed byapves which
was a result of sticks or anything being dragged by along by current or water flow. It isse&ry
in indicating theyounging directiorof an outcrop Therefore the cross bedding can be deposited
in either river or marine environment as long as there is flowing water to influence the formation
of cross bedding. However, the presence of skolithos narrow the depositional environment to be
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of marine environment. Skithos ichnofacies is a characteic of environment with high
energy, probably the soft intertidal @hannelizedleep marineslopeenvironment.

Figure 27 : TOOLMARKSIN YELLOW BYAXNDPROBABLEKOLITHOGINGER POINTINEOUND ABTATION
2, SAPULUT FORMATNO

Stereonet on Figure 26]indicates that thed S R R Atka& diréztion trend is propagated
relatively towards the N\ASE direction whereas its dip direction is fairly inclined tow#rdSNE
SW directiont KS 6 SRRAYy 3aQ aiNA| SithihsiegoRal SagatZineameénS 02 NJ
analysis as lineament includes any geological structures which is observable from the aerial
satellite photograph. If compared, the strike trend correlates just fine with the regional lineament
analysis (Figure 22) of Sabdlhin section on Figure 25[D] indicated that the grains are of fine to
very fine, which denotes that environment energy to be low and far from the source of
deposition.The grain size indicated deep marine environmasits depositional environment.
Ratb of quatz to matrix might be around 60:40
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Figure 28 HGURE2: OUTCROP CBTATIONZ, SAPULUTFORMATION
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w E Sapulut
formation
Station 3, Sapulut Formation
GPS Coordinate:
N 4°44'32.1"
A NN AR E116°29'14.7"
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Figure 29 :ILLUSTRATION @UTCROFLITHOLOGY DESCRIPTIBNEREONET WIRDSEDIAGRAM& THIN
SECTIONDFSTATION3, SAPULUT FORMATION

Folding is the main characteristic which is the leading structuralogezal feature that
could supportthe inference of thedeformation history of Sapulut formation based on outcrop
of station 3.The composition of the folds of station 3 are sandstorterlmedded with shale. A
fold is a stack of originally flat and planar beds, which bent or curved as a result of permanent
deformation. The permanent deformation normally might be due to compressional forces
triggered by tectonic movementslost likely, thefold is a synsedimentary which means that it
was formed during deposition of sediments before it was lithified to be sands&eweeral factors
affecting the formation of folds include varying conditions of stress, hydrostatic pressure, pore
pressure andtemperature gradient.The most prominent factor is that the ductility of the

sediment that causes it to bend or fold.
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Since the foldgrefer Figure 3Pon this particular outcrop is massive (large scale) and it
wasformed as a set of folds rather than iat#d, this outcrop is might have been deformed in an
orogenic zones. On a regional scale, it is commonly known asghfolst belt, for example the
Rajang Fold Thrust Belt in Born@dhe depositional history of this outcrop stretches back to the
Early to Mddle Miocene, as it is correlatable to the characteristics of Rajang Fold Thrust Belt,
forming the uniquely alternating sequence of folded sandstone and sRalkerring to Figure 27,
there are two sets of massive foldshich may be categorized as recuemt folds as one of the
folds are overturned and this strengthen the inference that it was deformed in an orogenic zone.

Figure 30 : MASSIVEOLDS FOUND AT STATR) SAPULUTORMATION
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Figure 31 : SCOURMARKS IN THE YELLO®XB-OUND ASTATION3, SAPULUTFORMATION

Presence of scounarks and flute casts indicatee younging direction of the outcrop as
well as the depositional environment of the outcrop (refer Figure 2@) previously discussed in
station 1, the scour marks denote that the facies was depositeenvironmentwith flowing of
water or wind to be formedAccording to Peter A. Scholle and Darwin Spearing in the book
SyiAridt SR a{lFyRailz2yS 5SLRarAldGA2ylf 9YyOBANRYYSyia
shale might be due to deposition of considerable thicknesses of barrier sandstones and lagoonal
shales resulted from an overall balance between rates of sediment accumulation and basin
subsidenceThe shale thickness within the interbedded feature which is thinning from left to
right based on Figure 30, indicated that the sandstone interbedded with sfedenost probably
deposited in a channelized deep marine slope environméhis inference is supported by the
thin section analysis, the grain sizes are ranging from fine to very fine, and this is a significant
indication that this outcrop was deposited & low energy environment, most probably deep
marine. Scour marks can also be formed in channelized deep marine slope environment.

Thestereonet produced in Figure 28hs abeddingg Q &G NA 1S RANBOGAZY ¢
towards the NESW direction wherebyhe dip direction trends relatively to the N\SE. This
2dzi ONRP LIQA FNI OGdzZNE GNByR&a OFy 6S YIUOK ImAGK {0l
other words, the outcrop scale fracture trends reassure the regional interpretation based on
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Landsat %&atellite image which was further enhanced by utilizing the Sobel and Prewitt filters.
Thin £ction analysis (refer Figure [Z¥) prevail that the grains size vary from fine to very fine
(low energy) and the ratio of quarto-matrix is approximately 730.
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Figure 32 : OUTCROBKETCHUTHOLOGY DESCRIPTISNEREONET WITRDSEDIAGRAME THINSECTIONF
STATIONA, SAPULUFORMATION

Another uniquely folded sandstone interbedded with shale forms what is famously known
as the chevron fold. The main difference or dweristics which differ it from any regular fold is
that its folds are angular with straight limbacgsmadl hinges, as shown in Figure.3zenerally,
chevron folds have an interlimb angle of aroupdt Chevron foldgFigure 33typically develop
in flysch sequence of alternating competent and less competent layers in which the thickness of
the competent layers vary across the complex. In this case, the competent layer is the sandstone
whereas the less competent layer is the sh#&rain sizes after thin section analysis prevailed
that it ranges from fine to very fine. Hence, this signified that it was deposited in a low energy
environment, far from source. Most likely, the deep marine environment.
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Figure 33 : CHEVRONOLDS OF ALTERNATBANDSTONE INTERBEDRAETH SHALE FOUNDSTATION,
SAPULUTORMATION

{GSNB2ySG 27F (odg Bustfaied thadtiteyeddirg 2 & dz8BDNS RANBL O

in two direction as the chevron folds generally divides the fractures along its limhoimtjor

directions. One of the beddingend in the NESW direction and the other onteends relatively

in the NS diection. The former bedding strike carelatable to the major strikelirection as per

interpreted in the regional Sabah éament analys (refer Figure 34 Since thebeddingstrike

direction has two trends, the dip direction also corresponds accordingly. One trends in the NW

SE direction corregmd to the first bedding whereby the second beddtrends in relatively W

E direction.
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