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ABSTRACT 
 

LITHOFACIES ANALYSIS AND RESERVOIR POTENTIAL OF THE BELAIT 
FORMATION, LABUAN ISLAND, MALAYSIA. 

 
The Neogene sedimentary rocks of the Labuan Island consist of two 
lithostratigraphic units – the Setap Shale Formation (Middle Miocene) and the Belait 
Formation (Late Miocene). The sandstones are very fine to conglomeratic, 
moderately well-sorted to well-sorted, texturally and mineralogically mature quartz 
arenites, with subordinate subliharenites. The field characteristic of the clastic 
sequence of the Neogene sediments were studied using lithofacies analysis and 
interpreted to have deposited within the prograding shoreface sequence consists of 
upward coarsening unit. Combining information from trace fossils and sedimentary 
structures allow the subdivision of the sequence into deposits of the foreshore 
(Lithofacies A), upper shoreface (Lithofacies B), lower shoreface (Lithofacies C), 
and distal lower shoreface to inner shelf (Lithofacies D). The sedimentary structures 
found can be interpreted as a product of a combination of both bed load sediment 
transport and sediment falling out of suspension. The Neogene reservoir interval 
comprises two lithofacies association; storm and wave-dominated middle shoreface 
to inner-shelf (Lithofacies Association 1), and wave-dominated upper shoreface and 
foreshore (Lithofacies Association 2). Very good quality reservoir rocks were 
represented by Lithofacies B (average RQI is 1.322). The poorest quality of 
reservoir rocks is Lithofacies D (average RQI is 0.108). Low reservoir permeability 
(generally less than 1mD) and porosity (less than 20%) are interpreted to be the 
result of early compaction, cementation, and diagenesis. The Belait sandstone 
diagenetic processes include clay infiltration, compaction and cementation (quartz 
overgrowth, calcite, kaolinite, trace amount of K-feldspar overgrowth, and illite). 
Quartz is the dominant pore occluding cement and generally occurred as small 
euhedral crystal, locally as large pyramidal crystals in the primary pores. Pressure 
solution derived from grain contact is the main contributor of quartz overgrowth. 
Calcite occurs as pore filling. Kaolinite locally developed similarly like ‘book sheets’ 
and authigenic illite exhibits fibrous morphology filling pores. These clays enhance 
ineffective microporosity. Porosity and permeability data exhibit good inverse 
correlation with cement. However, some data points indicate multiple controls on 
permeability. Reservoir quality thus controlled by other factors such as pore 
occluding cement, textural parameters (grain size, pore size, and sorting), 
depositional environment, and diagenesis.  
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ABSTRAK 

 
Batuan sedimen Neogene di Pulau Labuan terdiri daripada dua unit litostratigrafi – 
Formasi Setap Shale (Miocene Tengah) dan Formasi Belait (Miocene Lewat). Batu 
pasirnya bersaiz sangat halus hingga kongomerat, bertentuaturan sederhana 
hingga sangat baik, dan dikelaskan sebagai arenit kuarza hingga sublitarenit yang 
matang dari segi tekstur dan mineral.  Ciri-ciri jujukan klastik batuan sedimen 
Neogene telah dikaji menggunakan pendekatan analisis litofasis. Ini menghasilkan 
interpretasi bahawa sedimen tersebut telah dimendapkan di kawasan progradasi 
laut cetek yang terdiri daripada jujukan mengkasar keatas. Dengan 
menggabungkan maklumat daripada fosil surih dan struktur-struktur sedimen, 
pembahagian jujukan Neogene telah dipecahkan kepada mendapan pesisir depan 
(Litofasis A), pantai atas (Litofasis B), pantai bawah (Litofasis C), dan pantai bawah 
distal hingga pelantar dalam (Litofasis D). Struktur sedimen yang terbentuk adalah 
hasil daripada kombinasi pengangkutan bahan sedimen dari beban lapisan dan 
pergolekan secara turun naik. Batuan penakung tersebut terdiri daripada dua 
asosiasi litofasis; pantai tengah hingga lembangan dalam yang dipengaruhi ribut 
dan ombak (Asosiasi Litofasis 1), dan pantai atas hingga pesisir depan yang 
dipengaruhi oleh ombak (Asosiasi Litofasis 2). Litofasis B adalah batuan penakung 
yang paling baik (RQI purata 1.322) Litofasis D adalah batuan penakung yang 
paling rendah kualitinya (RQI purata 0.108). Ketelapan batuan penakung yang 
rendah (<1mD) dan keporosan (<20%) dipercayai kerana pengaruh daripada 
proses pemadatan awal, penyimenan, dan diagenesis. Proses diagenetik batu pasir 
Belait termasuklah pengisian rongga oleh lempung, pemadatan, dan penyimenan 
oleh kuarza lampau besar, kalsit, kaolinit, dan sedikit K-feldspar lampau besar dan 
illit. Kuarza adalah mineral dominan sebagai simen yang mengisi rongga, dan 
secara umumnya wujud sebagai kristal euhedral. Secara lokalnya, kuarza 
membetuk kristal piramid yang besar dalam rongga. Kesan tekanan pada 
persentuhan butiran merupakan penyebab utama kewujudan kuarza lampau besar. 
Kalsit wujud sebagai pengisi rongga. Kaolinit bertabiat seperti buku dan illit bersifat 
autigen bergentian. Ia memberi kesan keporosan yang tidak efektif. Data 
keporosan dan ketelapan menunjukkan korelasi secara berbalik dengan simen. 
Sesetengah data menunjukkan faktor lain yang mempengaruhi ketelapan. 
Antaranya adalah simen, parameter-parameter tekstur (saiz butiran, rongga, dan 
tentuaturan), sekitaran pengendapan, dan diagenesis. 
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Figure 4.43 Rose diagrams showing the palaeocurrent pattern based on 

strike-dip of cross bedding. Symbols S1 (Kampung Bukit 

Kalam I) and S3 (Kampung Durian Tunjung). 

236 

   

Figure 4.44 Rose diagrams showing the palaeocurrent pattern based on 

strike-dip of cross bedding. Symbols B1-B10 correspond to 

the studied locality as listed in Table 1.1. 

238 

   

Figure 4.45 Map showing the average palaeocurrent directions for each 

measured sections in the Labuan Island 

239 

   

Figure 4.46 Pie diagram representing the distribution of Lithofacies of 

the Neogene sediments, Labuan Island 

240 

   

Figure 4.47 Correlation of Section A involving Locality B1, B2, B3 and B4 242 

   

Figure 4.48 Correlation of Section B involving Locality B5, B6, B37 and 

B8 

243 

   

Figure 4.49 Correlation of Section C involving Locality S1, S2, and S3 244 

   

Figure 4.50 Correlation of Section D involving Locality B9 and B10 245 

   




