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                                                                                                                   ABSTRACT 

ABSTRACT 

 

 Borneo was positioned in an exceedingly dynamic tectonic area 

throughout the Tertiary at the edge of an Early Cretaceous continental 

fragment and is surrounded by the Sunda Shelf, South China Sea, Sulu Sea, 

Celebes Sea, the narrow Makassar Strait and the Java Sea.  Throughout this 

period of time, the Northwest Borneo basin and other adjacent basins 

(sedimentary and marginal) were formed and deformed as a result of the 

subduction and extension of the surrounding plates. 

The Northwest Borneo basin is distinguished by a steep slope from 

shelf to basin floor and shows high flow rates of turbidite sediment. The study 

areas include the Northwest Borneo Basin (offshore; 10.6 to 8.2 Ma) and the 

on-shore area covered by the Crocker Formation (Eocene to Early Miocene) 

on northwest Borneo and Gaya Island near Kota Kinabalu, East Malaysia. The 

Crocker Formation covers an area from 115o 58’E to 116o 09’E longitude and 

05o 46’N to 06o 01’N latitude. 

All the study areas display characteristics of sediment deposited during 

lowstand systems tract (LST) and illustrate type II turbidite depositional 

systems consisting of proximal and distal turbidite deposits.  The turbidite 

sediments accumulated in small lobes and are usually found deposited in the 

distal parts of the distributary channels. Ta-Tb-Tc-Td-Te Bouma sequences 

are present in all study areas but, commonly the base, middle or top of the 

sequences are absent. Other facies identified are massive sandstone, wispy 
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sandstone and chaotic interbedded sandstone and mudstone sequences (Sm, 

Sw and Sa facies).  

 The outcrop (Crocker Formation) is the earliest fan formed; it consists 

of uplifted deep water facies. The outcrop sandstone is classified as subarkose, 

with mainly fine to very fine sand, angular to subangular grains and moderate 

sorting. Generally locations A, B, D and F display characteristics of sandy 

lobes, location C displays silty sandy distal lobes, location E shows a distal silt 

mud lobe and locations G and H show base-of-slope or proximal lobe 

deposits. 

 The SF field is located in a canyon in the present shallow marine 

portion of the Northwest Borneo Basin. The SF sandstone is classified as 

sublitharenite suggesting a quartz-rich source with an abundant amount of 

lithic rock fragments in fine to very fine sands with angular to subangular 

grains that are moderately sorted. The SF field displays Tb-Td-Te sequences 

with common Sw and Sa facies and less common Sm facies. The whole SF 

field shows characteristics of slope deposits. 

 The deep water area of the Northwest Borneo Basin is divided into 

three fans, namely Kin, Kam and Pink fans. Kin fan sandstone is categorised 

as sublitharenite with fine to very fine sand and angular to subangular grains 

that are moderately sorted. The Kam fan exhibits a transition between 

sublitharenite and quartzarenite sandstone with fine to coarse silt and angular 

to subangular grains that are moderately sorted suggesting abrasion and 

weathering of lithic rock fragments. Proximal and silty sandy distal lobe 

deposits exemplify the Kin fan while the Kam fan is characterised by silty 
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sandy distal lobe and sandy lobe deposits. The Pink fan sandstone is classified 

as quartzarenite with very fine to coarse silt as angular to subangular grains 

that are moderately to well sorted. Sandy and silty sandy distal lobes typify the 

Pink fan. 

Two types of deposition models discussed in this research are the 

trench and abyssal cone models. The trench model suggests tectonic activity 

influenced the style of depositional system, which was in a deeper, narrower 

basin. The abyssal cone model was developed from channel flows that have 

migrated laterally through time from the continental slope and canyon walls 

into the basin floor of the deep water area and forms like a cone. 

 The quartzarenite sandstone of the Pink fan offers the best reservoir 

potential with good estimated total porosity and permeability. Potential seal 

and/or source rocks consist of mudstone in the study areas, but the lateral 

continuity of the mudstone beds could not be determined. 

 

 

 

 



                                                                                          ACKNOWLEDGEMENTS 

ACKNOWLEDGEMENTS 
 
There are a number of people who have contributed to the success of my PhD 
and encouraged me throughout these years. 
 
First and foremost I would like to dedicate this thesis to my husband, Neil, and 
thank him for all the encouragement, support, patience, love, understanding, 
faith and care he endlessly showed me through all the ups and downs. Neil is 
my anchor and I owe him lots of holidays and weekends.  
 
I am extremely grateful to my parents who have guided and encouraged me to 
be my best since my early years and always have faith in me. My special 
gratitude to my lovely parent in-laws who have always been very supportive 
and interested in my project and my wonderful sister in-laws and their families 
who have provided great support throughout my PhD. A very special gratitude 
to aunty Amy and uncle Ang for their endless support. 
 
I am very grateful for the invaluable support, time, advice and patience that 
my supervisors, Associate Professor Brian Jones and Associate Professor Felix 
Tongkul have given to me. Especially Brian for his assistance with fieldwork 
and sacrificing his holidays. I would particularly like to thank Dr. Sven 
Scholten and Dr. Peter Osterloff for their support and encouragement. Thanks 
also to Cindy who was my field assistant, Rabea for his assistance in heavy 
mineral analysis, Mohamad for preparing the thin sections, Kerry for assisting 
me with the identification of trace fossils, Mike and Heidi for computer 
support, David for lab support in the university and all the department staffs. 
 
I also thank my main sponsor Sarawak Shell Berhad (Shell Malaysia) for their 
financial and technical support. Particularly I would like to thank; EPA-T-
DGS (especially my colleagues), Deep-water Team and Geosolutions Team. 
 
Finally, I would like to thank my friends, namely Ava, Kenrick, Ben, Siti, 
Hong and Alphy for their friendship and encouragement. 
 

 iv



                                                                              CHAPTER 1 - INTRODUCTION 

CHAPTER 1 

INTRODUCTION 

 

1.1 PROBLEMS AND UNCERTAINTIES 

 Deep water exploration for oil and gas in Malaysia, especially in the 

Northwest Borneo Basin is relatively new. This is due to the fact that shallow 

marine exploration in new areas is becoming limited. It has been identified 

that turbidite sequences dominate the deep-water territory in the Northwest 

Borneo Basin. These turbidite sand sequences potentially accommodate a 

large quantity of hydrocarbons meaning a huge reserve. A number of wells 

have been successfully drilled and have proven that these turbidite sands 

contain hydrocarbons. 

However more study is required to better understand and recognize the 

structure, stratigraphy, lithology, geometry, architecture and geomorphology 

of the Northwest Borneo Basin. Due to a lack of knowledge and understanding 

of the geology of the basin, several wells that have been drilled were failures. 

The best way to improve interpretation and prediction of the deep water 

depositional system is to understand the provenance and depositional 

mechanisms. A provenance study can be determined from outcrops of an 

equivalent, but older, turbidite depositional system onshore. In northwestern 

Borneo, the onshore Crocker Formation represents these older turbidite 

sequences. The Crocker Formation can be found exposed along the western 

(Kota Kinabalu) and eastern sides of Sabah and on Gaya Island. Turbidite 

outcrops assist in constraining the charaterisation of subsurface turbidite 
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reservoirs because they provide large and continuous quantitative lateral and 

vertical attributes of turbidite strata and can provide critical information on the 

nature of bed boundaries and how they might affect reservoir fluid flow (Slatt, 

2000). Together with well data (core logs, wire-line logs, seismic and 

petrophysics) and provenance study all or most of these problems and 

uncertainties can be overcome.  

 

 

1.2 GLOBAL TURBIDITE MODEL 

Turbidites refer to sediments or rocks deposited by turbidity currents 

underwater. These turbidity currents usually contain abundant sediment. They 

move rapidly underwater and travel great distances depositing sediment in 

broad submarine lobes. According to Pickering (1989), turbidity currents may 

be (a) relatively short, quickly passing an observation point on the seafloor 

(surge-type flow), or (b) relatively long with steady discharge due to 

prolonged input from a long lived source (steady- and uniform-type flow, 

generally river-fed). Turbidites are generally exemplified by the Bouma 

sequence and graded bedding (closely associated with sandstone beds). 

Turbidity flows typically contain sediments with sand to mud grain size. The 

Bouma sequence is divided into five phases with phase A at the bottom of the 

bed and phase E at the top of the bed (Fig.1.1). Phase A consists of a massive 

or graded sandstone bed occasionally, containing pebbles or granules at the 

base of the bed. Phase B represents plane laminated sandstone. Phase C 

signifies cross-laminated or rippled sand. Phase D is characterised by plane 
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laminated silt, mud or clay. Phase E is an inter-turbidite pelagic mudstone bed 

(Fig. 1.1). Each devision represents different turbidity flow conditions 

(Bouma, 2000).  

Bed geometry is a good pointer for depositional mechanism. Bed 

geometry characteristics that indicate a turbidite system are the large spatial 

extent and gradual downstream thinning of beds (bed-tapered margin) that 

show very significant changes in bed thickness (Amy et al., 2005). The 

internal sedimentary structures of turbidite beds are normal grading (sandstone 

beds), good sorting and they contain traction structures (cross, plane or 

convolute bedding) which typically occur in turbidite sandstone beds. 

According to Amy et al. (2005), turbidite sandstone may contain floating 

clasts and inverse grading at the base of the bed, usually associated with 

centimeter-thick stratification, which is formed by particles progressively 

falling out of suspension from a relatively dilute and turbulent flow. 

Three turbidite models (Table 1.1; Fig. 1.2) have been recognized, 

each with it’s own standard sequence, and they are further classified into fine-

grained, medium-grained and coarse-grained turbidites (Stow, 1992). Fine-

grained turbidites are principally related to basins with large fluvial sediment 

deposits like those found in the Gulf of Mexico and West Africa. Fine-grained 

turbidites are found in large basins on passive margins, have long terrestrial 

transport distances and a broad shelf, are delta sourced with efficient basin 

transport resulting in bypass of much sand into the outer fan (Stelting et al., 

2000), like the west Texas Permian Basin. According to Bouma (2000), fine 

grain size often makes it difficult to observe graded bedding (Fig. 1.3). 
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Coarse-grained turbidites are commonly supplied by coarse-grained 

coastal systems on narrow shelves where longshore-drift currents are 

intercepted by canyons (Pickering et al.,1989). They generally have a 

progradational depositional style with a net-to-gross porosity percentage that 

decreases laterally away from sediment pathway (Stelting et al., 2000). 

According to Bouma (2000) most coarse-grained turbidites will gradually 

prograde into the basin (Fig. 1.4) and the sediment encompasses medium and 

coarse sands with little or no clay minerals (Table 1.1). 

Submarine fans and turbidite systems are major petroleum reservoirs in 

many sedimentary basins worldwide (Weimer et al., 1991; Fig. 1.5). Distinct 

proximal to distal facies changes are observed in a range of modern and 

ancient turbidite fan systems. Understanding these turbidite fan systems has 

progressed in the last 20 years and multifold seismic reflection data are an 

important link in comparing outcrop scale features and modern turbidite fan 

systems (Link et al., 1991). An example of an ancient turbidite fan system is 

represented by outcrops of the Miocene Marnoso Arenacea Formation, 

northern Italy (Talling et al., 2004). This ancient turbidite fan system 

comprised large feeder channels, channel-levee systems, sheet-like turbidites 

and slump or debris flow facies (Walker, 1992). An example of a modern 

turbidite fan system can be identified in parts of the Agadir Basin (Talling et 

al., 2004), which was discovered in the 1970s. Modern tubidite fan systems 

can be divided into three types of submarine fans, known as Types I, II and III 

by Mutti (1985). According to Walker (1992), Mutti’s Type I implies that a 

large sandy flow can move a long way from the base of slope, resulting in a 
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deposit that is detached from it’s feeder channel(s); Type II is close to the 

channel-feeding lobe model of Normark (1978); and Type III represents 

muddy channel levee complexes formed as a response to rising sea level 

without time equivalent depositional lobes (Fig. 1.6). Modern turbidite fan 

systems usually consist of several individual fan lobes (William et al., 1985).  

However these theories are not conclusive as they are not 

representative of all turbidite fan systems. This is due to the fact that seismic 

data cannot be directly applied to the geological record due to scale issues.  

 

 

1.3 SCALE OF EXISTING MODEL 

The deepwater area offshore of Northwest Borneo is distinguished by a 

steep slope from shelf to basin floor and shows high flow rates of turbidite 

sediments. Shale ridges, related to deltaic toe-thrusts, pierce the seabed and are 

the main controls for (Late Miocene/Pliocene) turbidite sedimentation on the 

slope (Demyttenaere et al., 2000). Direct reservoir analogs are exposed in the 

coastal ranges in Northwest Borneo, and represent the same depositional 

systems that produce hydrocarbons (Crevello, 2000). These exposed coastal 

turbidites are represented by the Crocker Formation, Setap Formation and 

Temburong Formation located in Northwest Borneo and Gaya Island.  

The Crocker Formation (located on the northwest Borneo coast, in 

Sabah and surrounding Gaya Island coastline) in particular symbolises a 

typical unconfined basin floor submarine fan (turbidite system) complex. 

Facies reconstruction, sand geometry and lateral and strike extent of the fan 
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supports an extensive complex of off-lapping unrestricted channel lobe fans 

that are positioned along active seafloor structures, faults and shale diapers 

(Fig. 1.7; Crevello, 2000). 

Late Miocene offshore turbidite fan systems in west Sabah (Northwest 

Borneo Basin deepwater exploration area) are controlled by active linear 

basement fault zones, which acted as basin margins and resulted in the rapid 

progradation of thick clastic sequences with a clear relationship to a major 

sand-bearing turbidite basin in the northern part of the area (Levell, 1985). 

Basement of the Late Miocene turbidite basin is represented by an 

unmetamorphosed succession of turbidites belonging to the Oligocene to Early 

Miocene west Crocker, Temburong and Kudat Formations. According to 

Tongkul (1987) the west Crocker Formation succession is approximately 1000 

metres thick. The presence of sedimentary structures in the Crocker Formation 

shows that the sandstone beds were deposited by turbidity currents and most 

of the beds show at least partial Bouma sequences (William et al., 2003).  

 

 

1.4 GEOGRAPHICAL SETTING 

The study area is divided into two divisions: the Northwest Borneo 

Basin (offshore) and the onshore area covering the Crocker Formation on 

northwest Borneo and Gaya Island near Kota Kinabalu, East Malaysia (Fig. 

1.8). The Crocker Formation covers an area from 115o 58’E to 116o 09’E 

longitude and 05o 46’N to 06o 01’N latitude. 
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The outboard (deep-water) data were collected from five wells (namely 

GMS, KBB2, KBB3, KMEUC, KME wells) and the inboard (shallow water) 

data come from the SF well (Fig. 1.9 - NW Borneo geological provenance 

map). The wells specific locations are confidential as they are in Sarawak 

Shell Berhads’ property.  

 

 

1.5 AIMS 

The aims of this study are: 

a. to assess the Northwest Borneo turbidite depositional system 

in detail, employing mainly geological and some geophysical 

techniques to develop a depositional model;  

b. to document the sedimentary depositional system, 

stratigraphic architecture, geometry and reservoir 

characteristics of the sedimentary deposits; 

c.  to address the prediction of reservoir potential and 

forecasting efficiency for the turbidite facies in Northwest 

Borneo. 
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CHAPTER 2 

REGIONAL SETTING 

 

2.1 TECTONIC SETTING 

 Borneo was positioned in an exceedingly dynamic tectonic area 

throughout the Tertiary at the edge of an Early Cretaceous continental core. 

Borneo is surrounded by the Sunda Shelf (on the west and south side), South 

China Sea (on the north and northwest side), Sulu Sea (on the northeast side), 

Celebes Sea (on the east side), the narrow Makassar Strait (on the east side) 

and the Java Sea (on the south side). It is geographically located in the center 

of the Malay archipelago and Indonesia. The Sunda Shelf area is wide and has 

an extremely shallow depth, connecting Borneo to Indochina, Sumatra, 

Peninsular Malaysia, Thailand and Java (Hall and Nichols, 2002). In general, 

the continental margins surrounding Borneo consist of narrow shelves. The 

progressive collision and accretion of fragments of continental and oceanic 

crust along the eastern margin of the Sunda Shelf (enclosing the western and 

southern sides of Borneo, Fig.2.1) during the Cenozoic was caused by 

subduction of the Molucca Sea, Indian Ocean and Philippine Sea plates (Moss 

and Wilson, 1998). Throughout this period of time, basins (sedimentary and 

marginal) were formed and deformed as a result of the subduction and 

extension of the plates. 

According to Hamilton (1979) and Hutchison (1989), Borneo is the 

product of Mesozoic accretion of ophiolitic microcontinental fragments, 

marginal basin fill and island arc crust of South China and Gondwana origin 
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(and its sediment cover), that are attached to the Palaeozoic continental core of 

the Schwaner Mountains located in the southwest of the island. The study 

area, which is on the northwest side of Borneo, consists of Oligocene and 

Early Miocene strata with a northwest structural trend (Hall and Nichols, 

2002). Most of the Paleogene sediments in northern Borneo were transported 

south through the Sunda Shelf into Indochina (Hall 1996; Hutchison et al. 

2000). During the Oligocene and Early Miocene active mountain building, 

erosion, revolutionize of sediment characteristic and construction of flat 

coastal plains took place throughout Borneo (Hall, 1996). The basement in 

central and western Borneo consists of Palaeozoic and Mesozoic sedimentary, 

metamorphic and igneous rocks and it acted as a craton during the Mid to Late 

Tertiary (Hall, 1996). However, towards the north there are younger additions 

to the continental core (Hamilton, 1979).  

 The Cape of Sundaland in the eastern part of Eurasia was formed at the 

beginning of the Cenozoic, and was partly separated from Asia by oceanic 

crust of the proto-South China Sea (Hall and Nichols, 2002). Hall (1996) 

noted that Borneo has rotated counter-clock wise by approximately 45o since 

Early Miocene (Figs 2.2, 2.3). Tongkul (2002) noted that by Early Mid 

Miocene the eastern part of Sabah was subjected to northwest to southeast 

compression as tectonic plate interaction continued in this region and that 

active volcanism in eastern Sabah was possibly associated with this tectonic 

force. 
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2.2 REGIONAL STRATIGRAPHY 

 The Crocker Formation is composed of Tertiary sedimentary clastic 

strata and covers a large part of northwest Borneo and Gaya Island. The first 

geologists to map the Crocker Formation (known as the Crocker Range) in the 

western part of Sabah were Niethammer and Hotz in1913 to1915. According 

to Niethammer and Hotz (1913 – 1915), the Crocker Range (Crocker 

Formation) consists primarily of sandstone and shale and was considered to be 

Eocene, although no fossils were found for age dating. The Crocker Range 

was further divided into a western and eastern side by Bowen and Wright 

(1957). It is believed that the western side of the Crocker Formation is 

younger (Oligocene to Late Miocene) than the east side (Palaeocene to Early 

Eocene). The Crocker Range was renamed Crocker Formation by Collenette 

(1958). Arenaceous microfauna was identified and gave an Eocene to Early 

Miocene age. 

 The Crocker Formation is divided into several diverse facies types, 

which form parts of the turbidite sequence. These different facies types are 

discussed below. 

A flysch type sequence is the most common facies type, which I have 

identified throughout the western side of the Crocker Formation covering 

West Sabah and Gaya Island. The flysch sequence is represented by interbeds 

of sandstone (grain size from coarse to very fine), mudstone or shale and 

siltstone (Fig. 2.4). Bed thicknesses range between a few centimetres to 

several metres. 
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 A laminated sequence is also regularly observed all over the western 

part of the Crocker Formation and Gaya Island. These laminated sequences 

consist of fine sandstone and siltstone found interbedded with mudstone or 

shale beds in a flysch-type sequence.  

 A shale or mudstone sequence, known locally as the red and green 

shale or mudstone, can be further subdivided into two subfacies: 

(1) Thick beds of red and green mudstone interbedded with thin beds of 

sandstone can be identified clearly in the coastal area of Sabah (Fig. 

2.5); and  

(2) very thin mudstone beds interbedded with thick sandstone beds (Fig. 

2.6). 

According to Stauffer (1967), the top part of the shale beds are usually green 

above a lower red shale with irregular boundaries, which suggests diagenetic 

reduction of the primary red mud. 

 Massive sandstone sequences are noted in the Crocker Formation (Fig. 

2.7). The thickness of these massive sandstone sequences varies between 1 m 

to approximately 65 m. The sandstone grain size ranges between pebble to 

very fine sand grains. Normal grading is common. According to Tongkul 

(2003), these Crocker sediments represent a sand-rich submarine fan system. 

 The deepwater part of Northwest Borneo Basin is represented by the 

KBB2, KBB3, KME, KMEUC and GMS wells that show similar lithologies 

and facies types to the Crocker Formation. Flysch facies, laminated facies and 

shale or mudstone facies are identified in these wells. The shallow marine part 

 11



                                                                        CHAPTER 2 – REGIONAL SETTING 

of the Northwest Borneo Basin is represented by the SF well, which also 

displays similar facies. 

 

 

2.3 GEOLOGICAL STRUCTURE 

Northwest Borneo is located between three oceanic basins: the Sulu, 

Celebes and South China Seas. Running through the Northwest Borneo Basin 

is a strike-slip fault, which developed during the Tertiary as a result of rifting 

and sea floor spreading (Hall, 1996). The regional structure of Northwest 

Borneo (including Sabah and Gaya Island) shows that, generally, the rock 

sequences dip towards the east where chaotic rock sequences known as the 

Melange are present. The Melange developed due to the progressive collision 

of the continental belt. Northwest to southeast and north to south compressive 

directions controlled the development of northeast-southwest and east-west 

trending basins in western and northern Sabah, respectively. Deposition of 

younger sediments in these basins occurred during the Late Miocene to 

Pliocene and continued compression slowly and gently deformed the sediment 

(Tongkul, 1990).  

According to Haile (1969), a eugeosynclinal (eugeoclinal) furrow (fold 

belt) extends in an arcuate belt, about 200 km wide, eastwards over the whole 

of central Sarawak (Southwest Borneo), curving northwards into northern 

Sarawak and western Sabah. Within the internal margin of the fold belt is the 

main ophiolite belt (Northwest Borneo Geosyncline) - the eugeanticlinal ridge 
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(situated towards the south of Borneo). The eugeanticlinal ridge behaved as a 

positive region throughout the Tertiary. 

Within the Crocker Formation obvious structural patterns were 

recognized during my field work. Numerous faults and folds (anticlines, 

synclines and kink folds) are present. Gaya Island strata show a structure, 

which is principally folded (Figs. 2.8, 2.9), with palaeocurrent directions 

trending northwest. In the western part of Sabah, fault and fold structures are 

identified. The majority of the palaeocurrent trends are towards the northwest 

and southwest and principally the beds dipped toward the southeast with a 

consistent strike of northeast.  

The folds identified are mainly tight folds trending northwest (Fig. 2.8) 

and they vary in size from microfolds to megafolds. The megafolds can be up 

to a few kilometres wavelength and are frequently related to fault zones. 

Thrust faults are identified throughout the outcrop, from a few centimetres to a 

few metres, which can be observed through the displacement of beds and 

sheared beds, especially shale sequences.  

Offshore west of Sabah, a widespread occurrence of slump features has 

been identified in the Late Miocene deposits and is due to an active linear 

basement fault zone, which acted as a basin margin (Levell and Kasumajaya, 

1985). According to Levell (1987), the Tertiary West Sabah Basin is divided 

into two phases that are:  

(1) the pre-Middle Miocene deposition of deep marine deposits 

with south to southwest convergence along the Palawan 

Trough or Northwest Borneo Trench; and 
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(2)  the Middle Miocene and later deposition after the cessation 

of subduction, which is related to wrench-faulting in the 

basement of the basin.  

The KBB3 core shows evidence of faulting that is the presence of slicken-

sides (Fig. 2.10). 

 

 

2.4 LOCAL STRATIGRAPHY 

 Correlation is a very important aspect because it assists to establish the 

local stratigraphy and the correspondence of geological events in different 

areas. There are two kinds of correlation in geology, which is the 

establishment of: 

(1) simultaneity across localities; and 

(2) lateral continuity of rock units (McLane, 1995). 

However some correlation is done through dating of rock units, through the 

study of biostratigraphy, which is a universal technique. This technique is 

utilized in the subsurface fans in northwest Borneo because there are problems 

of defining the exact area enclosed by the fans. 

 Biostratigraphic correlation is based on the presence of a fossil taxon, 

or an assemblage of taxa, and on comparison of the assemblages in different 

rocks (McLane, 1995). Biostratigraphy is based on consecutive changes 

throughout geological time. Any unit of strata can be dated and characterised 

by its fossil content (Boggs, 2001). In Sarawak Shell Berhad (SSB), Malaysia, 

the study of microfossils is subdivided into three categories that are 
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foraminiferal micropalaeontology, nannoplankton and palynology. According 

to Osterloff (2004), microfossil studies are done to assists in the well 

evaluation and answering the key objectives, which are: 

(1) age dating correlated with the geological time scale; 

(2) to determine, where possible, biostratigraphic indices to support 

differentiation of Pink, Kam and Kin fan lobes, some of which are 

below seismic resolution; and 

(3) to determine, where possible, changes in water-depth or 

palaeoenvironmental trends and gauge whether there is any variance 

associated with the sand lobes in terms of shallowing or deepening 

trends, that may affect the general morphology of the units. 

The foraminiferal micropalaeontology, nannoplankton and 

palynological data are further classified into zones and T-sequences, which are 

directly correlated to different ages (Ma) and epochs. The various zones are 

foraminiferal zones, (SN, micropalaeontology), nannofossil zone, (NN, 

nannoplankton) and pollen zone, (P, palynology). The Pink, Kam and Kin fans 

fall into the SN 16 zone, Upper NN 9 to NN 11A zones and the Upper P 620 

to P 711 zones. They are mainly in the lower to middle TB 3 sequence, more 

specifically between TB 3.1 to TB 3.2. TB 3.1 to TB 3.2 represents the Late 

Miocene epoch and its age ranges from 10.6 to 8.5 Ma. 

 Based on the Setap Shale, the Crocker Formation is categorized under 

SP 18/19 to SN 4, NP 19 to NN 2A and Upper P 100 to P 200 (Osterloff, 

2004). This means that the Crocker Formation was deposited between Early 

Oligocene to Early Miocene (35.4 to 22.2 Ma). However the accuracy of this 
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classification should be questioned and used with care as the age dating is 

based only on the Setap Shale, which also can be located in the Temburong 

Formation.    

 Each microfossil species has a potential geographic range or barriers 

that are determined by its habitat requirements, which are temperature, sea 

level changes, plate movement and other less important barriers such as 

salinity (Boggs, 2001). Temperature has a major influence on the migration 

and distribution of species, which are identified as warm or cold and is mainly 

used in the palynology study.  

Fluctuations in sea level cause significant disruptions in biogeographic 

provinces due to variations in water depths on the continental shelf (Boggs, 

2001). An example is that oxic species cannot survive under conditions where 

oxygen supply is low due to increase of water depth. According to Boggs 

(2001), plate movements can alter latitudinal temperature gradients by shifting 

the geographic position of continents and affect the distribution patterns of 

major ocean currents. All these barriers are used to further correlate and 

interpret the geological changes that occur in the strata and also assists in 

predicting the depositional environment. 
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CHAPTER 3 

METHODOLOGY 

 

3.1 INTRODUCTION 

 In order to achieve my aims of this study several techniques were 

employed. Field work around the western side of the Crocker Formation in 

Sabah and Gaya Island was conducted. Samples were taken; paleocurrent 

directions, strike and dip were recorded; the eight field locations were logged 

and photographed. The collected samples were made into thin sections for 

petrographic analysis, and were used for biostratigraphic, XRD and SEM 

analysis. 

 Core samples from the petroleum wells were also made into thin 

sections for petrographic analysis, and used for biostratigraphic, XRD and 

SEM analysis. Other well data that were used are wireline logs and seismic 

survey lines as support materials for this study. 

 

 

3.2 COMPUTER ASSISTED PETROGRAPHY (CAP) 

CAP is used for petrographic studies for the purpose of quantitative 

textural analysis for prediction of rock properties from thin section 

petrography. CAP is Shell’s proprietary system and was and is still being 

developed by Shell. CAP is not designed to be a time saver for petrographic 

studies but to be a more sophisticated and reliable quantification of 
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fundamental petrographic data as part of reservoir rock characterization in 

Shell. 

CAP includes four key components (Fig 3.1): a) a standard research-

grade petrographic microscope; b) a high resolution digital video camera and 

monitor; c) a high speed personal computer; and d) Shell’s CAP proprietary 

software (Taylor, 1996). Data collection includes grain-size, shape, sorting, 

visible porosity (intergranular, intragranular, grain-fracture, grain-moldic and 

visible microporosity), composition, grain-type and also ample information on 

the number and length of grain-to-grain contacts. The primary changes in sand 

microstructure, as a function of compaction, are reflected through contact 

percentages. Attributes such as grain-shape are potentially important for 

understanding stress dependent compressibility of unlithified sands (Rambow, 

1994). Each individual grain is digitised and recognised, and also the type of 

primary and secondary porosities. 

CAP workflow is as follows (Fig. 3.2):  

a) Petrographer chooses a representative field of view in a thin section 

for analysis, which is than automatically scanned and saved as a 

digital image. 

b) Next the captured image is subjected to measurements and 

identification of grains and pore space, which is further classified as 

primary or secondary porosities. 

c) The microscope magnification is chosen and stored with the taken 

image. 
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d) After that, individual grains, matrix and authigenic cements are 

delienated by digitizing with a mouse. At the same time contacts 

between grains are identified. 

e) Once the separation of the grains is completed, identification and 

classification procedures begin. These procedures include mineral, 

porosity, authigenic mineral and matrix classification. 

f) Finally CAP generates and stores large amounts of data and 

information about every grain, matrix or authigenic mineral that was 

identified, including areas, size and perimeters which is stored as 

ASCII files (Taylor, 1996). 

 

 

3.3 X-RAY DIFFRACTION ANALYSIS (XRD) 

 Samples that are needed for analysis are selected, dried and 

disaggregated. Samples that contain hydrocarbons are cleaned with methanol 

and chloroform. Samples are then crushed into clay size fraction (<4 microns) 

with a Tollmill crusher (TEMA). Next the clay size fraction was mounted in 

an aluminium holder. Then mounted samples were placed in a Phillips 

1130/90 diffractometer with Spellman DF3 generator set to 1 kilowatt and 

were loaded through an automatic sample holder. The 1 kilowatt energy is 

achieved by setting the diffractometer to 35 kV and 28.5 mA. Samples were 

analysed between 4 degrees and 70 degrees 2-theta at 2 degrees per minute 

with a step size of 0.02. Traces were produced through a GBC 122 control 

system and analysed using Traces, UPDSM and SIROQUANT. 
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3.4 SCANNING ELECTRON MICROSCOPY (SEM) 

 Firstly, suitable samples are selected for SEM. These samples are then 

broken to form fresh uncontaminated surfaces. Next each sample is mounted 

onto a 10 millimetre aluminium stub and further coated with a thin film of 

gold. Then the samples are placed into the Scanning Electron Microscope with 

SE detectors and run at 20 kV. An attached camera takes secondary electron 

images. Finally suitable images are selected which best represent the samples. 
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CHAPTER 4 

SEDIMENTARY CHARACTERISATION 

 

4.1 INTRODUCTION 

 This chapter discusses the sedimentological characteristics of the 

different facies in the three main study areas, that is the deep-water, shallow 

marine and outcrop areas. Sedimentary features, biological features and 

lithological characteristics are used for the facies analysis classifications. 

Since turbidite deposits are recognized in all three study areas turbidite 

characteristics are the main influence and consist of alternating coarse- and 

fine-grained beds. Thus the outcrop and SF study areas represent deformed 

and uplifted deep water successions. 

 The Bouma sequence is used as a guide to briefly discuss the diverse 

types of deposits and classification of facies. The Bouma sequence has five 

components (Fig. 4.1) that were established as an ideal sequence through the 

study of the Maritime Alpes, Southern France (Bouma, 1962). They are 

discussed as follows: 

a. Type Ta consists of graded bedding or massive sandstone with a sharp 

base. It usually displays an upward fining sequence with no internal 

structures, however scour marks may be present at the base of the bed. 

The grain size of the sands ranges between very coarse and very fine. 

Type Ta is associated with the initial high-density flow of a turbidity 

current. 
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b. Type Tb consists of parallel laminated sandstone. The laminae are 

defined by carbonaceous materials or by localised changes in grain 

size. Type Tb is also associated with the high-density flow of a 

turbidity current. 

c. Type Tc consists of ripple cross-laminated or convolute laminated 

sandstone (Walker and Mutti, 1973). Type Tc is associated with low-

density flow of a turbidity current. 

d. Type Td consists of laminated or thinly interbedded mudstone or shale, 

siltstone and/or fine sandstone. Type Td is also associated with the 

low-density flow of a turbidity current. 

e. Type Te consists of mudstone. Te is normally associated with pelagic 

sediment deposition but could also accumulate by suspension settling 

of mud from a low-density flow. 

Ta type deposits, if graded, are associated with deposition from high-density 

suspension; the Tb, Tc and Td types are the product of chiefly traction, or 

combined traction and suspension deposition (Shanmugam, 1997). 

 These five divisions of the Bouma sequence were initially interpreted 

as the product of turbidity currents, but recent studies have suggested that 

Bouma sequence can also be formed by sandy debris flows and bottom current 

reworking (Shanmugam, 1997).  

 It is noted that the complete Bouma sequence (Ta, Tb, Tc, Td and Te) 

is rarely found in the study areas. Incomplete Bouma sequences are typical in 

the studied successions, for example Ta, Tb and Te sequences. However, there 
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are some sediments that have not been depicted in the Bouma sequence, like 

the massive sandstone beds that are associated with grain flow deposition. 

 Turbidity currents can be divided into two types, low-density and high-

density flows. Low-density flows contain less than 20 percent grains whereas 

high-density flows consist of greater concentrations (Lowe, 1982). Low-

density flows usually comprise fine- to medium-grained sand and finer 

sediments, which are transported in suspension (turbulence) rather than as bed 

load. According to Boggs (2001), high-density flows include coarse-grained 

sand and pebble- to cobble-size clasts (supported by turbulence) as well as 

finer sediment.  

 

 

4.2 SEDIMENTARY FEATURES 

 Sedimentology is the study of the nature and origin of both present and 

ancient sedimentary deposits (Collinson and Thompson, 1982). One aspect of 

sedimentology is that sedimentary features can be used to assist other 

geological subdisciplines, such as geophysics, geochemistry and mineralogy, 

to diagnose specific environments. This is because sedimentary features are 

records of the dynamics of the depositional environment (McLane, 1995). 

Discussed below are the various types of sedimentary features found 

throughout the deepwater, SF and outcrop study areas. Most of these 

sedimentary features are primary bedforms, which were formed during 

deposition of the sediments but a few are secondary features that formed after 

deposition. 
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4.2.1 Primary Bedforms 

Normal Graded Bedding 

A common feature is graded bedding, which is associated with 

sedimentation from grain suspension. Turbidity currents are generated when a 

rapidly created suspension flows down a slope driven by its higher density 

relative to the ambient fluid (McLane, 1995). The deepwater core and outcrop 

sections display normal (fining upward) grading. This feature is classified as 

Ta in the Bouma sequence. 

 Normal graded bedding is commonly found throughout the outcrop 

locations except locations C and E (Fig. 1.8). The graded bed thickness ranges 

from approximately 0.5 to 5 metres. Graded beds with thicknesses of 

approximately 5 metres are found in locations F and H. Graded sandstone beds 

are observed in the GMS, KBB3 and SF cores where the thickness ranges 

from approximately 3 to 76 centimetres.  

The graded sandstone beds are either massive or contain other 

sedimentary features such as parallel laminae, wispy features and clasts. 

Graded bedding is a common feature found in all three study areas (deepwater, 

SF and outcops). 

 

Reverse Graded Bedding 

Reverse (coarsening upward) grading is present in a few sandstone 

beds. According to McLane (1995), reverse grading occurs in the basal part of 

many mudflows and is a distinctive characteristic of debris flow and grain 

flow deposits. 
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Distinctive reverse graded bedding is identified in locations A, D, F, G 

and H (Fig. 1.8) and also in KBB3, SF and GMS cores. The reverse graded 

bed thickness ranges from approximately 0.5 to 3 metres in locations A, D, F, 

G and H. The thickest reverse graded sandstone bed occurs at location H 

where it forms the base of the whole succession. Reverse graded sandstone 

beds that were observed in the GMS, KBB3 and SF cores are a few 

centimetres thick. 

 

Parallel or Planar Laminae in Sandstone 

Parallel or planar laminae are very commonly found throughout the 

three study areas (deepwater, SF and outcrops) especially in fine-grained 

sandstone beds (Fig. 4.2). Usually the lamination is 0.5 mm to 2 mm thick. 

This feature is associated with Bouma sequence type Tb. 

According to Collinson and Thompson (1982), the formation of 

parallel laminae is caused by grain size segregation resulting from fluctuations 

in flow strength. The parallel laminae are usually defined by carbonaceous 

material or by subtle changes in grain size (sometimes accompanied by an 

increase in clay, mud or silt). The most common laminae are defined by 

carbonaceous material. The parallel laminae are either heavily or sparsely 

distributed in the sandstone beds.  

 

Ripples and Cross-Laminations 

Rippled and cross-laminated sandstone is not very common in any of 

the study areas. Ripples and cross-laminations are a result of unidirectional 
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flow of air or water in lower flow regime or bi-directional flow associated 

with passage of waves in shallow water (McLane, 1995). The ripples or cross-

laminated sandstone beds are mostly fine-grained sands with the ripple 

bedding representing deposition from lower flow regime (unidirectional 

currents). Rippled or cross-laminated sandstone is typified as Tc in the Bouma 

sequence.  

 Rippled or cross-laminated sandstone beds are found in the deepwater 

and outcrop locations (Fig. 4.6). Such beds are very common in location A but 

are not found in locations D, E and F (Fig. 1.8), and the thickness of the beds 

varies from approximately 0.5 to 2.5 metres. Thick rippled sandstone beds 

such as the ones with a thickness of 2.5 metres could possibly be contourite 

deposits. Rippled and cross-laminated sandstone beds are recognized in the 

GMS, KMEUC and KBB3 cores with thicknesses of approximately 3 to 30 

centimetres. Very rare rippled or cross-laminated beds in the deepwater cores 

contain small mud clasts. 

 

Parallel or Planar Laminae in Interbedded Sandstone and Mudstone 

 Parallel lamination identified in the outcrop and the deepwater 

locations was also present in interbedded sandstone and mudstone facies. 

These laminated interbeds of sandstone and mudstone can be classified as Td 

– Te successions representing distal Bouma sequences. Outcrop locations D 

and E (Fig. 1.8) do not have any laminated interbedded sandstone and 

mudstone. The laminated interbedded sandstone and mudstone thickness 

ranges from approximately 1 to 9.5 metres in the outcrops. The thickest 
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laminated interbedded sandstone and mudstone succession in the outcrop is at 

location B. The deepwater cores that display laminated interbeds of sandstone 

and mudstone occur in the KBB3, GMS and KMEUC cores with thicknesses 

varying from 6 to 24 centimetres. Under the microscope the laminations are 

commonly accentuated by carbonaceous materials. 

 

Parallel or Planar Laminae in Mudstone 

Parallel laminations are also found in pure mudstone beds in the 

outcrop and deepwater locations. The thickness of the laminated mudstone 

beds varies between 0.5 to 12.5 metres in the outcrop with the thickest 

laminated mudstone also occurring in location B. Laminated mudstone beds 

are also found throughout the deepwater locations ranging in thickness from 

0.06 to 1.22 metres. Some of the parallel laminated sandstone beds in the 

outcrop and deepwater locations contain mud clasts or rip-up clasts and trace 

fossils. These beds are uncommon throughout the outcrop and deepwater 

locations. Laminated sandstone beds with mud clasts or rip-up clasts can be 

observed in locations B, C, F and H (Fig. 1.8) and in GMS (Fig. 4.3). 

Laminated sandstone beds with trace fossils are observed in locations SF, 

KBB3, KMEUC and GMS (Fig. 4.4). 

 

Wispy Features 

Wispy features are also very frequently found all through the 

deepwater and SF areas in the sandstone beds (Fig. 4.5). These wispy features 

are defined by discontinuos carbonaceous–rich laminae and are commonly 
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found in fine-grained sandstone beds. The thickness of these beds varies 

between 6 and 55 centimetres. The wispy features are either densely or 

sparingly dispersed in the core sections. Wispy sandstones are uncommon in 

the outcrop locations.  

 Some wispy sandstone beds containing mud clasts are found 

throughout the study area but are fairly uncommon. Wispy sandstone beds 

with trace fossils are identified in the deepwater cores such as KBB3 cores. 

Graded wispy sandstone beds are a very uncommon feature and are only found 

in the outcrop areas. 

 

Sole Marks 

Sole marks are produced by erosion and they comprise a varied group of 

structures found as casts on the bases of coarser-grained beds interbedded with 

mudstones. The sole marks can be divided into scour marks (structures due to 

turbulent scour) and tool marks (structures due to objects moved by current) 

(McLane, 1995). McLane (1995), further divided the scour marks and tool 

marks into groups as follows. 

(1) The four main groups of scour marks are obstacle scours, flute marks, 

longitudinal scours and gutter casts. 

(2) Tool marks also include four main groups that are grooves (drag 

marks), chevrons, prod and bounce marks and skip marks. 

The outcrop areas are the only ones that display sole marks where they are 

seen preserved on the exposed bases of sandstone beds. The most common 
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type of scour marks are flute marks (Fig. 4.7) and the most common type of 

tool marks are grooves (drag marks; Fig. 4.8).  

Scour marks are developed through scouring action of a current 

flowing over the bottom of a body of water (Parker, 1994). Scour marks are 

not commonly recognised in the deepwater study areas. Flute marks (Fig. 4.9) 

are not a regular feature in the outcrops. Flute marks are present in sandstone 

beds, which on the whole show upward grading. According to Allen (1971b) 

flute marks are formed by erosion of a cohesive mud bed by flow separation. 

Commonly the flute marks show a northwest flow trend. 

According to Collinson and Thompson (1982) tool marks are common 

on the bases of thin sandstone beds, which represent superficial erosion by 

relatively weak currents. Drag or groove marks (Fig. 4.10) are found 

throughout the outcrop locations especially along the west-coast of Sabah, 

which is represented by locations D, E, F, G and H. Generally the drag marks 

show a consistent trend towards the southwest or northwest. 

 

4.2.2 Secondary Bedforms 

Slump Features  

Slump features are fairly rare in the study areas with the most obvious 

slump features being identified in location A (Fig. 4.11). Slump features were 

observed in the lower part of mudstone beds. According to Boggs (2001), 

slump features are produced by penecontemporaneous deformation resulting 

from movement and displacement of unconsolidated or semiconsolidated 
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sediment, which is influenced by gravity. The thickness of the slumped bed in 

location A is approximately 12 centimetres. 

 

Sedimentary Folds 

Folds are not that common throughout the whole outcrop areas and 

were only found in locations B and H (Fig. 1.8). According to Parker (1997), a 

fold is usually produced by deformation where layered rocks have been 

distorted into wavelike form. The folds prevalently occur in interbedded 

sequence of sandstone and mudstone (Fig. 4.12). These fold structures affect 

strata from less than a metre to tens of metres thick. Such beds are found 

sandwiched between undisturbed or laterally continuous sedimentary beds.  

 

Convolute Bedding and Lamination 

 Convolute bedding is distinctively recognized in the SF cores. The 

convoluted beds normally occur in a sequence of thin interbedded sandstone 

and mudstone. These beds appear to be distorted and folded creating a chaotic 

outlook. These convoluted beds are usually found tens of centimetres thick. 

Convolution involves plastic deformation of partially liquefied sediment soon 

after deposition (Collinson and Thompson, 1982). 

 Convolute lamination is found present in sandstone beds. Such beds 

are fairly uncommon in the SF and deep water cores. Convolute laminated 

sandstone beds are commonly found underlying a parallel laminated sandstone 

bed. Convolute laminated beds are formed in a similar way to the more 
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massive convoluted beds. Both convolute bedding and lamination are evidence 

of rapid deposition (Collinson and Thompson, 1982).  

 

Load Structure 

Load casts were identified in locations A and B. According to 

Middleton and Hampton (1973), load structures form when a reversed density 

gradient is set up, that is, when the sand bed is denser than the mud on which 

it is deposited, and when the viscosity and strength of the sand and mud are 

low enough to permit deformation of the interface between them. Load casts 

are formed in any environment where water-saturated muds are quickly buried 

by sand before dewatering can take place, although they tend to be most 

common in turbidite successions (Boggs, 2001). The bed containing load casts 

in location B is approximately 1 metre thick (Fig. 4.13). 

  

 

4.3 FACIES ANALYSIS 

 Identification of lithofacies and sedimentary structures leads to the 

definition of a number of facies in both cores and outcrop sections. Different 

schemes have been developed for the deep-water fields (Pink, Kam and Kin 

fans), shallow marine field (SF field) and the outcrops. Each scheme has 

slightly different facies associations and characterizations that will be 

discussed in the following chapters. The facies are discribed below and a 

summarized version of the facies can be found in Table 4.1 with facies 

modifiers listed in Table 4.2. 
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4.3.1 Facies Types 

Facies Sm: Massive sandstone  

This facies consists of sandstone beds that are structureless both 

physically and biologically (Table 4.1). The grain size is mostly fine-grained, 

with some beds containing very fine-grained and/or granule grains with 

moderately to poorly sorted grains. The thickness of the massive sandstone 

beds varies between 0.5 to 25 metres. Beds with a thickness of more than 1 

metre suggest multiple flows or amalgamated beds. Mud clasts are rarely 

embedded in this facies. 

 Medium to thick beds of massive sandstone were deposited in a rapid 

manner and consist of sediments transported by high concentration turbidity 

currents, and/or grain flows. However thin massive sandstone beds, which 

contain coarser grains and/or mud clasts probably formed through bedload 

transport by turbidity currents. 

 

Facies SmG: Graded sandstone bed 

The grain size ranges from very fine-grained to granule. The most 

common graded bedding is the normal grading bed (fining upward sequence). 

Typical normal graded beds in deep water areas show coarse-tail grading. 

Normal grading bed is comparable to Bouma sequence Ta, which is graded 

sandstone. Such beds are common within the outcrop successions especially at 

locations A, B, D, F, G and H (Fig. 1.8) and the GMS cores. The thickness of 

the normal graded beds in these outcrop locations varies from approximately 

0.03 to 5 metres. Where such beds are more than 1 metre thick, they suggest 
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multistory beds due to multiple flows. The sediments were transported by 

high-density turbidity currents and were deposited rapidly. Traction 

transportation of sediments would have occurred if pebbles were found 

deposited at the base of the bed, like those in GMS cores. 

Reverse grading (coarsening upward sequence) is rather uncommon 

throughout the successions in all the study areas. The reverse graded bed 

thickness ranges from approximately 0.5 to 3 metres in locations A, D, F, G 

and H. The thickest reverse graded sandstone bed occurs at location H. 

Reverse graded sandstone beds that were observed in the GMS, KBB3 and SF 

cores are a few centimetres thick. Such beds also involve very high-density 

turbidity current transportation of sediments. Granules or pebbles that are 

found in the reverse grading bed were deposited through traction carpet and 

deposition was rapid (Table 4.1). 

 

Facies Sl: Parallel laminated sandstone 

These sandstones are exemplified by parallel lamination (Fig. 4.14). 

The stratification is typified by very thin carbonaceous laminae and by slight 

changes in grain size, which is rare. The grain sizes alternate between very 

fine- to fine-grained. This facies is similar to the Bouma sequence Tb, which 

is laminated sandstone. Parallel laminated sandstone is a common feature 

found in the deepwater and outcrop locations but is rather uncommon in the 

SF cores. The thickness of the parallel laminated sandstones in the outcrop 

locations vary between 2 centimetres to 8.6 metres, SF cores ranging from 3 to 

20 centimetres and deep water cores range between 3 centimetres to 1.2 
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metres. The sediments were transported in high concentration turbidity 

currents and deposited from sediment in suspension (Table 4.1). 

 

Facies Srx: Rippled or cross-laminated sandstone 

The sandstones are typified by either ripple marks or cross-laminations 

(Table 4.1) and are rather uncommonly found dispersed in all the study areas. 

The thicknesses of these beds are between 3 centimetres to 2.5 metres. The 

thicker facies could possibly be due to multiple flows and rapid deposition. 

This facies is classified as Tc Bouma sequence as it has similar characteristic. 

The rippled sandstone grain size is mainly fine sand but some are 

medium-grained. The beds are moderately sorted. Basically the ripples display 

asymmetrical profiles further suggesting currents formed them. These current 

ripples were possibly formed from turbidity currents. As the turbidity currents 

slow down, finer sediments from suspension are reworked forming ripples. 

This facies is also characterised by cross-laminations (Fig. 4.15). The 

cross-lamination is commonly accentuated by very thin carbonaceous laminae. 

The grain sizes are consistently within the very fine- to fine-grained range and 

the beds are moderately sorted. According to Collinson and Thompson (1982) 

cross-lamination is a result of the migration of ripples within the sand. 

 

 

Facies Sw: Wispy carbonaceous sandstone 

These sandstones are characterised by discontinuous wispy 

carbonaceous material like those of wavy ripples (Fig. 4.5). The grain size is 

   34



                                                        CHAPTER 4 – SEDIMENTARY CHARACTERISATION 

principally between very fine- and fine-grained sand. The wispy material 

ranges from heavily to sparsely distributed within the beds. This facies is 

fairly common in KBB3 and SF cores with thicknesses varying between 6 

centimetres and 1.1 metres. 

This facies is also involved in convolute lamination. Such beds are 

fairly uncommon in all the study areas. Convolute laminated sandstone beds 

are commonly found underlying a parallel laminated sandstone bed. Convolute 

lamination is formed due to rapid deposition. 

 

Facies Si: Interbedded massive sandstone and mudstone 

This facies (Table 4.1) comprises alternations of sandstone and 

mudstone. This facies can be found throughout all the three study successions 

(Fig. 4.16). The sandstone grain size is principally fine-grained. The thickness 

of the sequence containing interbedded sandstone and mudstone ranges from 

as thin as 5 centimetres and up to tens of metres. Tens of metres of 

interbedded sandstone and mudstone sequence can be observed in location E. 

The thinly interbedded sandstone and mudstone suggest distal turbidites where 

the turbidity currents are low-density flows. This facies can be associated with 

Bouma sequence Td. However the interbeds with thicker sandstone beds 

suggest possibly switching between active and abandoned lobes. 

 

Facies Sa: Chaotic interbeds of sandstone and mudstone 

This facies (Table 4.1) displays alternations of sandstone and mudstone 

and is common in SF cores. However it shows a very distinct feature whereby 
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the interbeds are disrupted (Fig. 4.14). The percentage of sand varies in 

different cycles with some cycles having lower or higher sand content. This 

facies also displays convoluted beds, which have a distorted and folded form. 

These convoluted beds are between 3 and 48 centimetres thick. This facies is 

formed due to quick sediment deposition through slides and slumps.  

 

Facies Sil: Interbedded laminated sandstone and mudstone 

This facies has similar properties to facies Si (Table 4.1). The main 

difference is that the sandstones or mudstones or both are laminated and either 

lithology is densely or sparsely distributed in this sequence. This facies is 

uncommon in the deepwater cores but commonly found in the outcrop 

successions. The recognition of laminations could be due to weathering. 

 

Facies Mm: Mudstone 

These mudstone beds are grey in colour and quite silty. Mudstone is 

classified as fine-grained sedimentary rock containing approximately equal 

proportions of silt and clay (Parker, 1997). The beds are structureless and the 

bed thickness varies between 6 centimetres and 3.8 metres (Fig. 4.17). This 

facies is similar to the Bouma sequence, Te. This facies is quite common 

throughout the all the study areas. The thickest mudstone bed is in location B 

and the thinnest beds are found in the GMS cores. This facies is formed in a 

low energy environment with rapid depositional processes, as it is 

structureless and shows no layering. 
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Facies Ml: Laminated mudstones 

These mudstones (Table 4.1) have similar properties to facies Mm but 

are laminated (Fig. 4.19). The lamination is defined by carbonaceous materials 

or very thin bands of clay, and is either densely or sparsely distributed in the 

sequence. This facies is rather common through all the study areas. The 

laminations could be formed due to continuous deposition and/or variation of 

suspended sediment supply, which forms very thin layers.  

 

4.3.2 Facies Modifiers (FM) Types 

FM c: Clasts  

A clast is an individual fragment of a sedimentary rock. In this study, 

the clasts are mostly mud or clay (Table 4.2). They are mostly small but some 

are up to 4 centimetres long and 2 centimetres wide (Fig. 4.18). The clasts are 

commonly found embedded in massive or graded sandstone beds, interbeds of 

sandstone and mudstone, wispy carbonaceous sandstone beds and chaotic 

interbeds. Examples of mud clasts embedded in sandstone beds are seen in 

location C. Presence of clasts is normally associated with bedload transport. 

The clasts are moved in a rolling or creeping manner during bedload 

movement and also could be suspended in high density flows.  

 

FM p: Pebbles 

Pebbles in the study areas are smaller than cobble and larger than 

granule (Table 4.2). Most of the pebbles consist of fragments of sedimentary 

rocks or quartz crystals. The pebbles are usually found in sandstone beds and 
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are commonly associated with graded beds. Pebbly sandstone beds were 

observed in locations G and H and also the GMS cores. Pebbles are moved 

and deposited by bedload movement. 

 

FM t: Trace fossils and bioturbation 

Trace fossils and bioturbation are present in sandstone and interbedded 

sandstone and mudstone beds in all the study areas. The most common trace 

fossils in the outcrop locations are Paleodictyon, Spirorhaphe, Cosmorphaphe 

(all three are Nereites ichnofacies) and Planolites (Cruziana ichnofacies). In 

the SF area they include Chondrites, Planolites, Teichichnus and Rosselia (all 

are Cruziana ichnofacies) whereas the deep water areas contain Nereites, 

Cosmorphape and Paleodictyon (all are Nereites ichnofacies). The deposition 

of the beds containing trace fossils was probably slow but some organisms 

were buried and display escape features. Another possibility is that the 

surrounding sediments are rich in organic matter, which is the main source of 

food for the organisms 

 

FM s: Scour features 

The main types of scour features that were present are the flute marks 

and scoured bases of sandstone beds. Flute marks and scoured bases are 

mostly identified in the outcrop locations, for example locations F and C (Fig. 

4.20). These features are commonly found at the bases of turbidite beds (base 

of Ta sequences). 
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FM d: Drag or groove marks  

Drag or groove marks (Table 4.2) are usually found at the base of 

sandstone beds. These features are rather common throughout the outcrop 

successions, specifically location D and the deep water cores, which are 

indicated by irregularities on the base of the sandstone beds.  

 

FM b: Load structures 

Load casts were identified in locations A and B. Load casts are formed 

when a denser sand bed is deposited on less dense mud, and deformation 

occurs. Load casts are very common in turbidite successions. The bed 

containing load casts in location B is approximately 1 metre thick (Fig. 4.13). 

 

 

4.4 FACIES INTERPRETATION 

 Bouma sequence Ta is associated with high-density flows of turbidity 

currents. Ta properties and features are similar to those of SmG facies. Graded 

bedding results from different rates of suspension settling of grains during 

deposition from the turbidity current flow. Scour and tool marks, which are 

associated with facies modifiers c and d, are usually found at the base of 

Bouma sequence Ta and SmG facies. SmG facies is normally the base of a 

succession overlying a mud sequence and marks the start of a new succession. 

 Overlying the Ta sequence would normally be the Tb sequence. The Sl 

facies is similar to the Bouma sequence Tb subdivision of a turbidite and 

usually overlies the SmG or Sm facies. The laminated sandstone (Sl facies) 
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sequence is associated with lower-density, upper flow regime deposition by 

turbidity currents. The thickness of the parallel laminated sandstones in all 

three study areas varies between 2 centimetres to 8.6 metres. Such beds that 

are more than a metres thick suggest they possibly represent several cycles or 

multistory sequences and because of weathering it is difficult to distinguish 

the boundaries. Parallel laminae are formed by variability in sedimentation 

within the depositional environment. According to Boggs (2001), parallel 

laminae are a consequence of changing depositional conditions that cause 

variations in (1) grain size, (2) content of clay and organic matter, (3) mineral 

composition, or (4) biogenic content of sediments.  

The parallel laminae in all these study areas principally consist of 

carbonaceous material and very rarely by extremely thin (approximately 0.5 

mm) bands of silty material or clay bands. Due to the nature of the laminae, 

they are usually associated with suspension deposition of sediments in various 

types of environments. Boggs (2001) noted the different types of depositional 

mechanisms and settings as follows: (1) slow suspension settling in lakes, 

where the level of organic reworking is low, (2) sedimentation on some parts 

of deltas where abundant fine sediment goes through rapid deposition, (3) 

deposition on tidal flats due to fluctuations in energy levels and sediment 

supply during tidal cycles, (4) deposition in subtidal shelf areas due to storm 

activity that may cause alternate deposition of very thin mud laminae and thin 

layers of fine sediment, (5) slow sedimentation in deep sea environments, and 

(6) chemical sedimentation in evaporite basins. Of all these possible 

deposition mechanisms by Boggs (2001), my study areas relate to deep sea 
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deposition with possible storm activity this is based on the nature of the whole 

deposition setting, that is thin mudstone sequences sandwiched between 

slightly thicker to thick sandstone sequences. 

Overlying the Tb sequence is the Tc sequence, which represents an 

ideal Bouma sequence of stacking. Rippled or cross-laminated sediment, 

which is coded as facies Srx, has similar properties and characteristics to the 

Bouma sequence Tc. The Tc sequence is closely associated with lower flow 

regime deposition from a turbidity current. Ripples are formed in sandy 

sediments as a result of either unidirectional current flow (current ripples) or 

wave action (oscillation ripples). Basically the ripples in all three study areas 

display asymmetrical profile further suggesting currents formed them. These 

current ripples were possibly formed from turbidity currents. As the turbidity 

currents slow down, finer sediments from suspension are reworked forming 

ripples. This is due to sediment transported in suspension inundating the 

bedload sediment down the lee side of the ripple forming laminae (Boggs, 

2001). 

 Interbedded sandstone and mudstone is a fairly common feature found 

throughout the study area and is known as facies Si. It has comparable 

characteristics to Bouma sequence Td of the turbidite division overlying the 

Tc sequence. The thickness of the sequence containing interbedded sandstone 

and mudstone range from as thin as 5 centimetres and up to tens of metres 

(location E). Thinly interbedded sandstone and mudstone, which are rather 

common in all these study areas, suggest distal turbidite deposits where the 

turbidity currents are low-density flows.  
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The interbedded sandstone and mudstone is formed by traction 

currents transporting sediment by a number of mechanisms and is associated 

with low-density flow of turbidity currents in the lower regime. One possible 

mechanism is the rapid deposition of finer material, which produced thin 

alternating deposits of beds of fine sand and sediments such as mud or clay. 

Another possibility is the switching of fan lobes or alternating deposition of 

the proximal and distal turbidites, which would be consistent with medium to 

thick alternations of sandstone and mudstone. This sequence is well preserved 

throughout the successions in the study areas. Some of these interbedded 

sandstone and mudstone beds are laminated (Sil facies). Weathering processes 

could accentuate the laminations. 

 Mudstone is associated with Te of the Bouma turbidite divisions. It is 

closely associated with low-density flows and is deposited slowly by turbidity 

flows or pelagic sediments. Mudstone is classified as Mm facies and 

mudstone, which if laminated is classified as Ml facies.  

Other facies that were not described in the Bouma sequence that were 

identified in all three study areas are facies Sm, Sw and Sa. The massive 

sandstone beds (Sm facies) are most probably deposited by grain flows. Grain 

flow deposits are massive beds with no physical or biological structures and 

also no grading (Middleton and Hampton, 1976), however this type of bed can 

also be formed by turbidity currents. Medium to thick massive beds can also 

be formed through sediments transported by high concentration turbidity 

current that are deposited in a rapid manner. Thin massive beds, which contain 
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coarser grains and/or mud clasts, probably formed through bedload 

transportation by turbidity currents. 

The Sw facies has almost similar characteristics to ripples except the 

wave length is shorter, that is less than 1 centimetre long. This facies is fairly 

common in KBB3 and SF cores with thicknesses varying between 6 

centimetres and 1.1 metres. This facies can also be involved in convolute 

lamination. Convolute laminated sandstone beds are commonly found 

underlying a parallel laminated sandstone bed. Convolute lamination is formed 

due to rapid deposition of carbonaceous-rich fine sands that are subjected to 

shear stress. 

The Sa facies has similar characteristics to the Si facies. The main 

difference is that it is heavily contorted or disturbed whereby the beds appear 

to be chaotic. These chaotic beds are between 3 to 48 centimetres thick. Such 

beds suggest rapid deposition causing deformation of the soft sediments. 

These types of beds could be found below a slope causing the sediments to 

slide or slump. 

Ta and Tb of the Bouma sequence are recognized as proximal 

turbidites and Tc to Te of Bouma sequence is known as distal turbidites 

(Bjorlykke, 1989). Ta and Tb sequences consist of coarser sediments whereas 

Tc to Te sequences comprise finer sediments. 
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CHAPTER 5 

OUTCROP 

 

5.1 INTRODUCTION 

 The rocks in the outcrop research area consist of interbeds of 

sandstone, siltstone, mudstone and shale of the Eocene to Early Miocene 

Crocker Formation. These outcrops are located along the west coast of Sabah 

mainland and Gaya Island (Fig. 1.8). Most of the outcrops show similar 

lithologies and sedimentary structures. 

 

 

5.2 STRATIGRAPHY AND SEDIMENTOLOGY 

5.2.1 Stratigraphy 

5.2.1.1 Location A 

Generally Location A is dominated by sandstone with grain size of 

very coarse- to very fine-grained sand. The basal sequence in Location A (0 to 

52 metres) consists of massive sandstone (Sm facies), mudstone (Mm facies), 

laminated sandstone (Sl facies), rippled sandstone (Srx facies), interbedded 

sandstone and mudstone (Si facies, Fig. 5.1), massive sandstone with clasts 

(Sm( c ) facies) and graded sandstone (SmG facies). 

 The middle part of the Location A succession (52 to 71.3 metres) 

contains laminated sandstone (Sl facies), rippled sandstone (Srx facies), 

massive sandstone (Sm facies), graded sandstone (SmG facies), laminated 

interbedded sandstone and mudstone (Sil facies), interbedded sandstone and 
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mudstone (Si facies) and sandstone with clasts (Sm( c ) facies). The upper part 

of Location A (71.3 to 78 metres) comprises graded sandstone (SmG facies) 

and massive sandstone (Sm facies). 

 

5.2.1.2 Location B 

 Location B is dominated by mudstone. The mudstone beds are 

structureless and are either red or grey mudstone. The thicknesses of the red 

and grey mudstone beds are subequal and the beds are internally massive. The 

basal part of Location B (0 to 49.5 metres) consists of laminated sandstone (Sl 

facies), massive sandstone (Sm facies), sandstone with clasts (Sm( c ) facies), 

interbedded sandstone and mudstone (Si facies), mudstone (Mm facies) and 

rippled sandstone (Srx facies). 

 The middle part of Location B (49.5 to 172.5 metres) contains 

interbedded sandstone and mudstone (Si facies, Fig. 5.2), massive sandstone 

(Sm facies), mudstone (Mm facies), laminated interbedded sandstone and 

mudstone (Sil facies) and rippled sandstone (Sr facies). The upper part of 

Location B (172.5 to 190 metres) consists of a massive sandstone bed (Sm 

facies). 

 

5.2.1.3 Location C 

 Location C sandstone beds are medium to fine-grained. The base of 

Location C (0 to 3 metres) consists of laminated sandstone (Sl facies) and 

laminated interbedded sandstone and mudstone (Sil facies). The middle of 

Location C (3 to 6 metres) contains laminated sandstone (Sl facies), sandstone 
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clasts (Sm( c ) facies, Fig. 4.3), sandstone with trace fossils (Sm(t) fossils) and 

mudstone (Mm facies). The upper part of Location C (6 to 10 metres) 

comprises laminated interbedded sandstone and mudstone (Sil facies), rippled 

sandstone (Srx facies), interbedded sandstone and mudstone (Si facies) and 

massive sandstone (Sm facies).  

 

5.2.1.4 Location D 

 Sandstone beds dominate Location D (Fig. 5.3). The sandstones are 

coarse- to fine-grained with various thicknesses. The base of Location D (0 to 

31 metres) consists of massive sandstone (Sm facies), interbedded sandstone 

and mudstone (Si facies), graded sandstone (SmG facies), laminated sandstone 

(Sl facies) and sandstone with clasts (Sm( c ) facies). 

 The middle of Location D (31 to 70.5 metres) comprises interbedded 

sandstone and mudstone (Si facies), massive sandstone (Sm facies), sandstone 

with trace fossils (Sm(t) facies), sandstone with clasts (Sm( c ) facies), 

mudstone (Mm facies) and graded sandstone (SmG facies). The upper part of 

Location D (70.5 to 83.5 metres) contains massive sandstone (Sm facies), 

interbedded sandstone and mudstone (Si facies), graded sandstone (SmG 

facies), sandstone with clasts (Sm( c ) facies), laminated sandstone (Sl facies) 

and mudstone (Mm facies). 

  

5.2.1.5 Location E 

 Location E (Fig. 5.4) is reasonably weathered, which causes physical 

structures to diminish, however some trails are still visible. The whole of 
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Location E (0 to 83 metres) consists of interbeds of sandstone and mudstone 

(Si facies).  

 

5.2.1.6 Location F 

 Location F is dominated by sandstone (Fig. 5.5). The sandstone beds 

have various thicknesses with fine- to coarse-grained sands. The basal part of 

Location F (0 to 135.5 metres) consists of graded sandstone (SmG facies), 

laminated sandstone (Sl facies), massive sandstone (Sm facies), interbedded 

sandstone and mudstone (Si facies), laminated interbedded sandstone and 

mudstone (Sil facies) and sandstone with clasts (Sm( c ) facies) beds.  

 The middle part of Location F (135.5 to 176 metres) consists of 

massive sandstone (Sm facies), rippled sandstone (Srx facies), laminated 

sandstone (Sl facies), mudstone (Mm facies), sandstone with clasts (Sm( c ) 

facies), interbedded sandstone and mudstone (Si facies) and laminated 

interbedded sandstone and mudstone (Sil facies). The upper part of Location F 

(186.5 to 265 metres) comprises massive sandstone (Sm facies), mudstone 

(Mm facies), laminated sandstone (Sl facies), sandstone with clasts (Sm( c ) 

facies), interbedded sandstone and mudstone (Si facies) and graded sandstone 

(SmG facies). 

 

5.2.1.7 Location G 

 Field G is dominated by sandstone (Fig. 5.6). The basal part of 

Location G (0 to 10 metres) consists of pebbly sandstone (Sm(p) facies) and 

mudstone beds. The middle part of Location G (10 to 46.5 metres) comprises 
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graded sandstone (SmG facies), laminated sandstone (Sl facies), mudstone 

(Mm facies), massive sandstone (Sm facies), interbedded sandstone and 

mudstone (Si facies) and rippled sandstone (Srx facies). The upper part of 

Location G (46.5 to 57.5 metres) consists of mudstone (Mm facies), massive 

sandstone (Sm facies) and rippled sandstone (Srx facies). 

 

5.2.1.8 Location H 

 Location H is dominated by thick, massive, amalgamated and 

structureless sandstone beds, which demonstrate common normal grading and 

very rare reverse graded beds. The basal part of Location H (0 to 52 metres) 

consists of graded sandstone (SmG facies), massive sandstone (Sm facies), 

interbedded sandstone and mudstone (Si facies), laminated sandstone (Sl 

facies) and sandstone with clasts (Sm( c ) facies). 

 The middle part of Location H (52 to 270.5 metres) consists of pebbly 

sandstone (Sm(p) facies), sandstone with clasts (Sm( c ) facies), mudstone 

(Mm facies), laminated sandstone (Sl facies), massive sandstone (Sm facies), 

interbedded sandstone and mudstone (Si facies) and laminated interbedded 

sandstone and mudstone (Sil facies). The upper part of Location H (270.5 to 

322.5 metres) comprises of massive sandstone (Sm facies), mudstone (Mm 

facies), sandstone with clasts (Sm( c ) facies), graded sandstone (SmG facies), 

laminated sandstone (Sl facies) and interbedded sandstone and mudstone (Si 

facies).  
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5.2.2 Sedimentology – Lithology 

5.2.2.1 Location A 

 Location A log is 78 metres in total thickness (Appendix 1). Sandstone 

beds dominate Location A. The grain size of the sandstone beds varies 

between very coarse- to very fine-grained sand. At the base of Location A the 

succession consists of a massive sandstone bed with a thickness of 2.5 metres 

that underlies a thin mudstone bed (10 centimetres). As this succession repeats 

from 5 to 9 metres the sandstone beds thin and the mudstone beds thicken with 

some of the sandstone beds containing clasts or being laminated. A laminated 

mudstone bed is located between 7 and 8 metres. This succession repeats 

again from 9 to 15.5 metres with mudstone beds thinning. Overlying this 

succession of sandstone and mudstone is an interbedded sandstone and 

mudstone (15.5 to 17 metres), which underlies another succession of 

sandstone and mudstone. Overlying this succession are four massive sandstone 

beds, which thicken as they go upwards with a laminated sandstone bed 

located at 20.2 to 20.3 metres. The massive sandstone underlies a mudstone 

bed and a laminated sandstone bed with a thickness of 1 metre. Overlying this 

bed the succession contains alternating beds of sandstone and mudstone. 

These types of successions are found throughout the base of Location A with, 

a few graded sandstone beds display fining upward sequences and scoured 

bases (Sm(f) facies), rippled sandstone beds and laminated sandstone beds, 

occur towards the top of the lower section at Location A. 

 The bottom of the middle part of Location A consists of a series of 

laminated and rippled sandstone beds between 52 to 55 metres, which is 
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overlain by a succession containing alternations of laminated sandstone and 

mudstone beds (55 to 65 metres). This succession is overlain by a succession 

consisting of alternate sandstone and mudstone beds (65 to 69.5 metres) that is 

overlain by a laminated sandstone bed. 

 The base of the upper part of Location A comprises of a sequence of 

normal graded sandstone between 71.3 and 72.5 metres. Two massive 

sandstone beds, with the first bed displaying flute marks, overlie the graded 

sandstone bed and are 1.5 and 5 metres thick. 

 

5.2.2.2 Location B 

 Seven sandstone beds between 0 and 3 metres form the basal part of 

Location B (Appendix 1). The first bed is laminated, the second bed contains 

clasts, and the third, fourth and fifth beds are laminated, the sixth is rippled 

and the seventh displays flute marks. These sandstone beds are overlain by a 

sequence of laminated interbedded sandstone and mudstone that is overlain by 

interbedded sandstone and mudstone located between 6 and 9.5 metres. 

Overlying this sequence are two mudstone beds (9.5 to 13 metres) and 

sandwiched between these two beds is a thin massive sandstone bed. These 

sequences are found repetitiously throughout the lower part of Location B. 

The top of the base of Location B consists of a 1.5 metres massive sandstone 

bed located from 43 to 49.5 metres. 

 The bottom part of the middle part of Location B consists of a 

succession containing interbedded sandstone and mudstone that is overlain by 

mudstone, which further underlies interbedded sandstone and mudstone that 
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underlies a massive sandstone bed with drag marks. This succession is 

repetitious throughout the middle part of Location B. The thickness of the 

sequences of interbedded sandstone and mudstone varies from 1 to 11.5 

metres. The mudstone beds thickness varies from 1 to 12 metres and the 

massive sandstone beds thickness varies from 0.2 to 0.5 metres. The upper 

part of Location B consists of a massive sandstone bed with a thickness of 

17.5 metres and is located between 172.5 to 190 metres. 

 

5.2.2.3 Location C 

 Location C (Appendix 1) is dominated by fine-grained sandstone. The 

lower part of Location C consists of a sequence of laminated interbedded 

sandstone and mudstone (located between 0 to 2 metres) that is overlain by six 

sandstone beds with the first, second and fourth beds being laminated and the 

remaining sandstone beds are massive. The thickness of the sandstone beds 

varies between 0.05 to 0.2 metres. Overlying these sandstone beds is a 

sequence containing interbedded sandstone and mudstone with an overall 

thickness of approximately 1 metre and the base of the succession displaying 

load structures (Sm(b) facies).  

 The bottom of the middle part of Location C consists of a sandstone 

bed containing mudclasts, laminae and trace fossils and is located between 3.5 

to 4 metres. It underlies a mudstone bed and another sandstone bed containing 

mud clasts and laminae. These beds are repetitious up to 5.5 metres and are 

overlain by a sequence of interbedded sandstone and mudstone. 



                                                                                                            CHAPTER 5 - OUTCROP 

   52

 The bottom of the upper part at Location C consists of a sequence of 

interbedded sandstone and mudstone located from 6 to 9 metres. However the 

bottom of this sequence contains mud clasts and laminae. A massive sandstone 

bed with a thickness of 1 metre overlies the interbedded sandstone and 

mudstone sequence. 

 

5.2.2.4 Location D 

 The base of Location D (Appendix 1) is dominated by sandstone beds 

with grain sizes ranging from medium to very fine sand. The basal (0 to 5 

metres) consists of a massive sandstone bed with drag marks (Sm(d) facies) 

underlying a sequence of interbedded sandstone and mudstone underlying 

another massive sandstone bed. A normal graded sandstone bed overlying the 

massive sandstone bed with flute marks (Sm(f) facies) is overlain by three 

laminated sandstone beds (with thicknesses of 0.5, 0.2 and 5.5 metres). A 

succession of alternating sandstone and thin mudstone (5 centimetres) beds 

overlies the laminated sandstone beds between 9 and 13 metres. Overlying this 

is a succession containing alternating interbedded sandstone and mudstone 

beds and massive sandstone beds, some of which contain mud clasts. This 

succession underlies normal graded sandstone located from 20.5 to 21 metres, 

which underlies a succession containing alternating sandstone and thin 

mudstone (5 centimetres) beds and than a second massive sandstone bed 

containing mud clasts. 

 The bottom of the middle part of Location D consists of alternations of 

interbedded sandstone and mudstone bed and massive sandstone with drag 
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marks (Sm(d) facies) located between 31 to 45 metres. This first succession is 

overlain by a second succession containing alternating of thin mudstone (5 

centimetres) and thicker sandstone (1 to 5 metres) beds. The next succession 

consists of interbedded sandstone and mudstone alternating with massive 

sandstone and normal graded sandstone beds. The third succession is overlain 

by three sandstone beds with the bottom bed containing mud clasts, the middle 

bed being laminated and the top bed is massive and all three beds contain trace 

fossils. Overlying these sandstone beds is a sequence of interbedded sandstone 

and mudstone located between 63 and 70.5 metres. The drag marks display 

southwest and northwest trends and the flute marks are trending northwest. 

 The bottom of the upper part of Location D consists of three massive 

sandstone beds overlain by a mudstone and a fourth massive sandstone bed. 

They are overlain by a reverse graded sandstone bed, which is overlain by a 

normal graded sandstone bed. These two graded beds are located between 72 

to 73 metres. The graded beds underlie a succession containing alternate beds 

of normal graded sandstone and mudstone located between 73 and 76 metres. 

Overlying this is a succession comprising alternations of thin mudstone (5 

centimetres) and sandstone beds (the lower sandstone beds being laminated). 

This succession is further overlain by a succession containing alternations of 

interbedded sandstone and mudstone beds and massive sandstone beds are 

located between 80 to 82 metres. Overlying this succession are four beds 

consisting of normal graded sandstone, massive sandstone, mudstone and 

massive sandstone.  

  



                                                                                                            CHAPTER 5 - OUTCROP 

   54

5.2.2.5 Location E 

 Interbeds of mudstone and sandstone (Si facies) form location E 

(Appendix 1). However shale is the main lithology of location E and is heavily 

weathered. The fine-grained sandstone beds are 2 to 20 centimetres thick. The 

sandstone beds are laminated with carbonaceous material. 

 

5.2.2.6 Location F 

 The base of Location F is dominated by sandstone with grain size 

ranging from coarse- to fine-grained (Appendix 1). The bottom part of 

Location F consists of a normal graded sandstone bed with a thickness of 5.5 

metres. Overlying this graded bed is a succession of laminated sandstone 

underlying a massive sandstone bed, overlain by a sequence of interbedded 

sandstone and mudstone. This succession is repetitious up to 9 metres and is 

overlain by a mudstone bed with a thickness of 5 centimetres. The mudstone 

bed is overlain by three sandstone beds with the bottom bed being massive 

(7.5 metres thick), the middle bed is laminated (1 metre thick) and the top bed 

is massive (1.5 metres thick). They are overlain by laminated interbedded 

sandstone and mudstone (from 19.5 to 25 metres). A similar trend of 

successions is repetitiously found up to 42 metres with a number of the 

sandstone beds displaying normal grading. Between 42 to 52 metres is 

possibly missing sequences due to faulting. 

 From 52 to 83 metres there is a mudstone bed sandwiched by two 

massive sandstone beds (25 and 5.5 metres thick). Overlying these beds is 

interbedded sandstone and mudstone that underlies a massive sandstone bed 
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and a mudstone bed. This series of sequences is repetitious from 52 to 135.5 

metres with two graded beds being identified. The first bed displays normal 

grading and is located between 97 and 98 metres; the second bed displays 

reverse grading s located from 99 to 100.5 metres.  

 The middle part of Location F is located between 135.5 to 176 metres. 

It starts with a succession containing sandstone and mudstone beds with some 

sandstone beds being laminated or containing clasts. It is overlain by 

alternating laminated sandstone and mudstone beds, with the sandstone beds 

toward the top being rippled. The top of the middle sequence consists of 

alternating laminated sandstone beds and sequence of interbedded sandstone 

and mudstone. 

 Between 176 to 186.5 metres is another missing section due to 

faulting. The upper part of Location F ranges from 186.5 to 265 metres with a 

missing section located between 198 to 208 metres. Several massive sandstone 

beds are located at the base of the upper part of Location F. After the missing 

section lie seven sandstone beds with one mudstone bed. The first, second, 

third, fifth and seventh sandstone beds are massive while the fourth and sixth 

beds are laminated and contain mud clasts. Overlying these sandstone beds are 

a succession (from 222 to 238 metres) consisting interbedded sandstone and 

mudstone beds, with the top two sandstone beds show normal grading. A thick 

massive mudstone bed located from 238 to 265 metres overlies this 

succession. 
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5.2.2.7 Location G 

 The base of Location G (between 0 and 10 metres; Appendix1) is 

composed of four beds of pebbly sandstone alternating with two mudstone and 

one massive sandstone bed. The middle part of Location G (between 10 and 

46.5 metres) mainly consists of a succession containing mudstone, interbedded 

sandstone and mudstone and sandstone beds (the latter mostly displaying 

normal grading and some are laminated).  

 The upper part of Location G comprises four beds. The bottom of the 

upper part consists of massive sandstone with a thickness of 7.5 metres 

underlying a mudstone bed and a laminated mudstone bed. A rippled 

sandstone bed overlies these mudstone beds. 

 

5.2.2.8 Location H 

 Location H (Appendix 1) is dominated by sandstone with grain sizes 

ranging from coarse- to very fine-grained. The basal part of Location H 

between 0 and 58.5 metres, consists of a succession containing interbedded 

sandstone and mudstone, graded sandstone beds, mudstone and sandstone 

(massive, graded and laminated) beds. The sequence of interbedded sandstone 

and mudstone and the sandstone beds (massive and graded) thickens going up 

through the succession. There are three pebbly sandstone beds located in the 

succession are commonly found at the base and top of the graded sandstone 

beds.  

 The bottom of the middle part of Location H consists three sandstone 

beds containing mud clasts, overlain by a sequence of interbedded sandstone 
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and mudstone. Overlying this sequence is a succession comprising massive 

sandstone, mudstone and sequences of interbedded sandstone and mudstone 

between 57 and 138 metres. The top interbedded sandstone and mudstone is 

laminated. Overlying this is a succession containing normal graded sandstone 

underlying interbedded sandstone and mudstone underlying sandstone 

(massive, laminated or rippled) underlying mudstone bed. This succession is 

found between 138 to 270.5 metres. Occasional pebbly sandstone beds are 

located at the base of the normal graded sandstone beds.  

 The upper part of Location H ranges from 270.5 to 322.5 metres and 

consists of a succession containing sandstone (massive, laminated or 

containing mud clasts) underlying mudstone underlying normal graded 

sandstone beds. The thickest sandstone bed in the upper part of Location H is 

located between 299 and 305.5 metres. The top of the upper part (322 to 322.5 

metres) consists of interbedded sandstone and mudstone. 

 

5.2.3 Interpretation 

5.2.3.1 Location A 

 The base of Location A mainly consists of Ta-Te (Fig. 5.1) and Tb-Te 

sequences with occasional Td and Tc sequences. The Td sequence is normally 

found underlying a Ta sequence and the Tc is usually found underlying a Tb 

sequence. The middle of Location A comprises Tb-Tc overlain by Tb-Te that 

underlies Ta-Te sequences. The upper part of Location A consists of Ta 

sequence. 
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 Generally Location A displays Ta-Tb-Tc-Td-Te sequences with 

occasional Sm facies and mud clasts. However Ta-Tb-Tc-Td-Te sequences 

may not be complete as commonly the base, middle or top sequences are 

absent. Occasional low-density turbidity current deposits are represented by 

Tc-Td-Te sequence and a gush of high-density flow and sediment suspension 

due to the presence Ta-Tb sequence and Sm facies. Location A displays sandy 

lobe deposits (Table 5.1). This is based on the profile of the vertical sequences 

of Location A, which display coarserning upwards sequences and thicker 

sandstone beds, which is up to 6.3 metres thick (Fig. 5.28). 

 

5.2.3.2 Location B 

 The base of Location B comprises a Ta-Tb-Tc-Td sequence, which 

underlies successions containing Ta-Te sequences with occasional Sm facies 

and mud clasts. The middle part of Location B contains successions 

comprising Ta-Td-Te sequences with occasional Sm facies. The upper part of 

Location B contains Sm facies.  

 Basically Location B shows Ta-Tb-Tc-Td-Te sequences but not in a 

complete sequence as normally the base, middle or top sequences are not 

present. Occasional Sm facies and rare mud clasts are found embedded in the 

sequences. Alternation of distal suspension sedimentation and high-density 

flows (proximal turbidite deposits) are observed. Location B displays silty 

sandy distal lobe deposits (Table 5.1), based on its vertical profile, which is 

dominated by mudstone (Fig. 5.28). However the upper part of Location B 

could represents a different cycle of deposits due to the nature of the deposit, 
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which consists of approximately 17.5 metres of massive sandstone bed or beds 

(Ta sequence). 

 

5.2.3.3 Location C 

 The base of Location C consists of a Td sequence underlying 

successions containing Ta-Tb sequence, which is overlain by Td sequence. 

The middle part of Location C displays Ta underlying Tb sequence underlying 

a series of Tb-Te sequences that are overlain by a Td sequence. The upper part 

of Location C shows a Ta-Td trend. 

 Location C basically is dominated by distal turbidite deposits that are 

represented by Td and Te sequences. Sm facies and mud clasts are 

occasionally found in the successions. Sm facies suggests suspension 

sedimentation of high-density turbidite or grain flow deposits. Location C 

displays silty sandy distal lobe deposits (Table 5.1, Fig. 5.28). 

 

5.2.3.4 Location D 

 The base of Location D consists of Ta-Tb underlying a succession 

containing Ta-Te underlying a succession of Ta-Td overlain by the succession 

with Ta-Te sequence. The middle of Location D comprises a succession of Ta-

Td underlying a succession with Ta-Te and underlying a succession containing 

Ta-Td. This succession is overlain by Ta-Tb-Td. The upper part of Location D 

consists of Ta-Te overlain by successions of Ta-Te underlying successions of 

Ta-Td and overlain by Ta-Te-Ta. 
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 Location D shows characteristics of proximal and distal turbidite 

deposits. Sm facies, mud clasts and trace fossils are observed in Location D. 

Sm facies and mud clasts suggest suspension sedimentation of high-density 

turbidite and then traction transport (bedload) or grain flow deposits. Location 

D basically displays sandy lobe deposits (Table 5.1) based on the fact that 

Location D is dominated by sandstone beds similar to Location A profile (Fig. 

5.28). 

 

5.2.3.5 Location E 

 The whole of Location E consists of successions containing Td 

sequences, which represent distal turbidite deposits. Generally Location E 

shows characteristics of distal silt mud lobe deposits (Table 5.1).  

 

5.2.3.6 Location F 

 The base of Location F consists of a Ta sequence overlain by 

successions of Ta-Tb-Td overlain by Ta-Tb-Td-Te, which underlies 

successions of Ta-Td-Te. The middle part of Location F comprises Ta-Tb-Tc 

successions underlying successions with Tb-Tc-Te overlain by Tc that is 

overlain by successions of Tb-Td. The upper part of Location F consists of Ta 

overlain by successions of Ta-Tb underlies successions of Ta-Td-Te. 

 The presence of Sm facies and mud clasts suggests suspension 

sedimentation of high-density turbidite and then traction transport (bedload) or 

grain flow deposits. Both high and low concentration turbidity currents 

transport the turbidite sediments that were identified in Location F. Basically 
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Location G displays characteristics of sandy lobe deposits (Table 5.1, Fig. 

5.28), similar vertical profile to Locations A and D. 

 

5.2.3.7 Location G 

 The base of Location G consists of successions of Sm(p)-Te sequence. 

The middle part of Location G comprises Te overlain by successions of Ta-

Td. The upper part of Location G consists of a Ta-Tc-Te sequence. 

 The presence of Sm(p) facies suggests high-density flows from 

suspension and followed by traction deposition. The whole succession in 

Location G displays normal grading and also displays characteristics of middle 

fan deposits (Table 5.1, Fig.5.28). Generally, Location G displays a vertical 

profile of fining upwards with pebbly and graded sandstone beds deposited at 

the base of each cycle. 

  

5.2.3.8 Location H 

 The base of Location H consists of successions containing Sm(p)-Ta-

Td-Te-Sm(p). The middle part of Location H comprises Ta-Td underlying 

successions of Td-Te overlain by a Td sequence, which underlies successions 

containing Ta-Td-Te. The base of Location H consists of successions with Ta-

Tb-Te overlain by a Td sequence. 

 Sm(p) facies, Sm facies and mud clasts are also observed in Location 

H. The whole succession in Location H displays both proximal and distal 

turbidite deposits. Location H also displays characteristics of middle fan 
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deposits (Table 5.1, Fig. 5.28), which is similar to the vertical profile of 

Location G. 

 

 

5.3 PETROLOGY 

5.3.1 Location A 

Location A sand grain size varies between upper fine sand to upper 

very fine sand with mean grain sizes of 2.33 to 3.46 phi. The major grain size 

is fine sand. The grains shape is angular to subangular with an average grain 

radius of 1.6 to 2.28. 

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite, plagioclase and rock 

fragments (Figs 5.7, 5.8). The dominant mineral is quartz (40 % to 81 %) 

followed by chert (2 % to 40 %), plagioclase (3 % to 16 %) and metaquartzite 

(1 % to 8 %). 

 

5.3.2 Location B 

Location B sand grain size ranges from lower fine sand to upper very 

fine sand with mean grain sizes of 2.61 to 3.04 phi. The dominant grain size is 

lower fine sand. The grains are angular with an average grain radius of 1.87 to 

1.96.  

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite, feldspar (K-feldspar 

and plagioclase) and rock fragments (Figs 5.9, 5.10). The dominant mineral is 
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quartz (61 % to 83 %) followed by metaquartzite (1 % to 13 %), K-feldspar (3 

% to 8 %), plagioclase (1 % to 7 %) and chert (1 % to 5 %). 

 

5.3.3 Location C 

Location C sand grain size varies between lower fine sand to upper 

very fine sand with mean grain sizes of 2.99 to 3.11 phi. The major grain size 

is fine sand. The grains are angular to subangular with an average grain radius 

of 1.99 to 2.20. 

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite, feldspar (K-feldspar) 

and rock fragments (Fig. 5.11, 5.12). The dominant mineral is quartz 

(approximately 69 %) followed by K-feldspar (~6 %), chert (~3 %) and 

metaquartzite (~2 %). 

 

5.3.4 Location D 

Location D sand grain size ranges between lower fine sand to upper 

very fine sand with mean grain size of 2.73 to 3.00 phi. The main grain size is 

lower fine sand. The grains are angular to subangular with an average grain 

radius of 1.7 to 2.15. 

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite, feldspar (K-feldspar 

and plagioclase) and rock fragments (Fig. 5.13, 5.14). The dominant mineral is 

quartz (56 % to 69 %) followed by metaquartzite (3 %-12 %), chert (2 % to 10 
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%), plagioclase (2 %-4 %) and K-feldspar (~1 %). Brittle metamorphic rock 

fragments (~12 %) were also identified. 

 

5.3.5 Location E 

Location E sand grain size varies between upper fine sand to upper 

very fine sand with mean grain size of 2.27 to 3.06 phi. The dominant grain 

size is lower fine sand. The grains are angular with an average grain radius of 

1.61 to 1.92. 

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite, feldspar (K-feldspar 

and plagioclase) and rock fragments. The dominant mineral is quartz (69 % to 

81 %) followed by metaquartzite (3 % to 17 %), plagioclase (~18 %), chert (5 

% to 12 %) and K-feldspar (4 % to 5 %). A very small amount of ductile 

metamorphic rock fragments (~1 %) were identified. 

 

5.3.6 Location F 

Location F sand grain size varies between upper fine sand to upper 

very fine sand with mean grain size of 2.16 to 3.06 phi. The major grain size is 

lower fine sand. The grains are angular to subangular with the average grain 

radius of 1.83 to 2.21.  

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite, feldspar (K-feldspar 

and plagioclase) and rock fragments (Fig. 5.15, 5.16). The dominant mineral is 
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quartz (62 % to 85 %) followed by metaquartzite (3 %-21 %), plagioclase 

(~11 %), chert (2 % to 6 %) and K-feldspar (~1 %).  

 

5.3.7 Location G 

Location G sand grain size ranges between upper fine sand and lower 

fine sand with mean grain sizes of 2.39 to 2.68 phi. The principal grain size is 

fine sand. The grains are angular to subangular with the average grain radius 

of 1.99 to 2.39. 

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite, feldspar (K-feldspar 

and plagioclase) and rock fragments (Fig. 5.17, 5.18). The dominant minerals 

are quartz (approximately 54 %) followed by metaquartzite (~8 %) and K-

feldspar (~9 %).  

 

5.3.8 Location H 

Location H sand grain size is mainly lower fine sand with a mean grain 

size of 2.68 phi. The shape of the grains is angular to subangular with the 

average grain radius of 1.99 to 2.39. 

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), metaquartzite, feldspar (K-feldspar) and 

rock fragments (Fig. 5.19, 5.20). The dominant mineral is quartz 

(approximately 54 %) followed by K-feldspar (9 %), metaquartzite (8 %) and 

shale rock fragments (3 %).  
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5.4 X-RAY DIFFRACTION ANALYSIS (XRD) 

5.4.1 Location A 

Appendix 5 shows that the total clay content ranges between 64.6 wt. 

% and 65.3 wt. %. The whole rock content is dominated by quartz with an 

average of 30.9 wt. %. The clay minerals recognized are chlorite (10.1 wt. % 

to 19.2 wt. % with and average of 16.8 wt. %) and illite (2.3 wt. % to 50.3 wt. 

% with and average of 20.5 wt. %).  

 

5.4.2 Location B 

Appendix 5 displays a total content of clay, that varies between 33.8 

wt. % and 57.5 wt. %. The whole rock content is dominated by quartz with an 

average of 38.3 wt. %. The various types of clay minerals identified are illite 

(17.5 wt. % to 34.5 wt. % with an average of 26.3 wt. %) and chlorite (16.2 

wt. % to 22.9 wt. % with and average of 18.1 wt. %)  

 

5.4.3 Location E 

Appendix 5 exhibits the total amount of clay, which ranges from 32.7 

wt. % to 47.1 wt. %. The whole rock content is dominated by quartz with an 

average of 41.7 wt. %. The clay minerals recognized include illite (12.9 wt. % 

to 24.6 wt. % with an average of 19.7 wt. %), chlorite (10.7 wt. % to 17.8 wt. 

% with an average of 14.1 wt. %) and kaolinite (8.3 wt. % to 9.2 wt. % with an 

average of 3.5%).  
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5.4.4 Location G 

Referring to Appendix 5 the total content of clay varies between 48.8 

wt. % and 63.4 wt. %. The whole rock content is dominated by illite with an 

average of 34.2 wt. % followed by quartz with an average of 28.2 wt. %. Clay 

minerals identified include illite (22.3 wt. % to 45.4 wt. %), chlorite (12.2 wt. 

% to 22.7 wt. % with an average of 16.6 wt. %) and kaolinite (7.5 wt. % to 

15.5 wt. % with an average of 5.8 wt. %).  

 

5.4.5 Location H 

Appendix 5 displays the total amount of clay ranges from 64.9 wt. % 

to 66.4 wt. %. The whole rock is dominated by illite, with an average of 65.4 

wt. % followed by quartz with an average of 22.7 wt. %. The clay minerals 

identified include illite (64.5 wt. % to 66.4 wt. %), kaolin (0.3 wt. %) and 

montmorillonite (0.1 wt. %). It is observed that location H has no chlorite.  

 

 

5.5 SCANNING ELECTRON MICROSCOPY (SEM) 

5.5.1 Location B 

The SEM samples display poorly sorted grains. The dominant quartz 

grains are mainly fine with subangular shape (Fig. 5.21). The grains are coated 

by clay (Fig. 5.22). The chief clay mineral identified is illite (Fig. 5.23). Rare 

elongate grains of muscovite are noted in the samples. 
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5.6 DIAGENESIS 

The most common clay types that were identified in the outcrop 

samples are illite, chlorite and kaolinite. Montmorillonite was only present in 

Location H samples. Clay coating and pore-filling of mineral grains are 

commonly observed. The presence of chlorite reduces the degree of 

compaction and quartz overgrowths, which means providing better porosity 

for the sandstone (Anjos et al., 2003). For example, chlorite content is the 

highest at location A (Appendix 5) where the petrological study displays the 

highest porosity value of 7 % and quartz overgrowths are rare. Through SEM 

study most of the grains are clay coated and the pores are infilled by clay. The 

XRD results display that the total clay content ranges from 32.7 to 64.9 wt. % 

with an average of 49 wt. %.  

Quartz overgrowths were identified at Locations A, B, C, D, F and G 

through petrology study. Overall the outcrop samples display very low 

porosity ranging from 0 to 7 %. This suggests that the amount of cementation 

by clay minerals is very high.  

 

 

5.7 BIOSTRATIGRAPHY AND TRACE FOSSILS 

5.7.1 BIOSTRATIGRAPHY 

 Generally the overall outcrop samples have no age-diagnostic fossils 

(Table 5.2). This is probably due to the oxidized weathered condition of the 

samples. Palynology studies show that the samples are barren. Nannofossil 

studies further display most of the samples are barren with two samples 
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containing Sphenolithus abies. The presence of Sphenolithus abies cannot be 

used to conclude any age for the samples. 

 The micropalaeontological studies were non-diagnostic due to very 

poor microfossil recoveries. The three types of microfossils recognized are 

Pseudorotalia schroeteriana, agglutinated benthonic (Trochammina spp.) and 

planktonic foraminifers. The rarity of these microfossils means that the ages of 

the samples are inconclusive. 

 

5.7.2 Trace Fossils 

 A number of burrows and trace fossils were recognized 

throughout the outcrops. Small creatures that live on the sediments or dig or 

burrow through the sediments for food or shelter cause burrows.  

 Nereites ichnofacies (Fig. 5.24, 5.25, 5.26, 5.27) were found 

distributed in locations D and F. The typical ichnotaxas that were recognized 

are Paleodictyon, Spirorhaphe and Cosmorhaphe. The Nereites ichnofacies is 

developed on and in quiet but moderately well-oxygenated seabeds, 

commonly at bathyal and abyssal depths (Brenchley and Harper, 1998). They 

are also commonly found in turbidite deposits (deep marine). Nereites 

ichnofacies is characterised by Pemberton, Maceachern and Frey, (1992) as 

having: 

1. complex horizontal grazing; 

2.  high density but low abundance; 

3. spreite are typically nearly planar;  

4. numerous grazing traces are intrastratal; 
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5. structures produced by deposit feeders and scavengers; and 

6. possible structures associated with trapping or farming microbes. 

Other trace fossils identified are Planolites, Asteriacites and 

Thalassinoides, which are all Cruziana ichnofacies, which suggest nearshore 

marine environment but they are also commonly found in deep water 

environments (Pemberton, Maceachern and Frey, 1992). Ichnofacies Cruziana 

is most characteristic of subtidal, poorly sorted and unconsolidated substrates 

(Pemberton et al., 1998). 

 

 

5.8 SUMMARY 

 The base of Location A generally displays a channel-lobe transition or 

midfan (suprafan) depositional environment with the middle part displaying 

distal turbidite deposition and the upper part showing proximal turbidite 

deposition. The channel-lobe transition is represented by successions 

containing thick Ta sequences (with and without scoured features and mud 

clasts) and thin sequence of Td-Te or Te. Locations B and C present similar 

depositional trends to Location A. However Location A shows characteristics 

of sandy lobe deposits and Locations B and C display vertical characteristics 

of silty sandy distal lobe deposits (Table 5.1; Figure 5.28). 

 Location D basically exhibits channel-lobe transition prograding to a 

proximal turbidite deposition environment and displays characteristics of silty 

sandy distal lobes. Location E is classified as a distal turbidite environment 

since the whole succession consists of Td sequences. Location D displays 



                                                                                                            CHAPTER 5 - OUTCROP 

   71

distal silt mud lobe deposits. Location F displays a midfan (suprafan) 

environment throughout the succession with the top displaying distal turbidite 

deposits. The overall succession of Location F displays characteristics of 

sandy lobes. 

 Location G and H both exhibit possible slope-channel deposits due to 

the nature of the whole succession displaying alternations of distal suspension 

sedimentation and traction current deposits with occasionally lower traction 

carpet layers produced by turbulent, grain or debris flows. Both locations 

display vertical characteristics of mid fan deposits. 
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CHAPTER 6 

SF FIELD 

 

6.1 INTRODUCTION 

 The SF field is located in a canyon in the shallow marine portion of the 

Northwest Borneo Basin (Fig 5.1). The sedimentary rock is 10.6 Ma in the SF 

field. The thickness of the whole SF field that has been cored is approximately 

12.1 metres.  

 

 

6.2 STRATIGRAPHY AND SEDIMENTOLOGY 

6.2.1 Stratigraphy  

 Sandstone beds are predominant in the SF cores. The sandstone grains 

vary from fine- to medium-grained. The base of the SF core (932.3 to 924.2 

metres; 3058.1 to 3031.5 feet) consists of wispy sandstone (Sw facies), 

laminated sandstone (Sl facies), chaotic interbeds of sandstone and mudstone 

(Sa facies; Fig. 6.1), wispy sandstone with clasts (Sw( c ) facies), mudstone 

(Mm facies) and massive sandstone (Sm facies). 

 The middle part of the SF core (924.2 to 913.1 metres; 3031.5 to 

2995.0 feet) mainly consists of wispy sandstone beds (Sw facies). The middle 

part of the core also comprises interbedded sandstone and mudstone (Si 

facies), chaotic interbeds of sandstone and mudstone (Sa facies), interbedded 

sandstone and mudstone with trace fossils (Si(t) facies), wispy sandstone with 

clasts or trace fossils (Sw( c ) or Sw(t) facies), mudstone (Mm facies), 
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mudstone with trace fossils (Mm(t) facies), laminated sandstone (Sl facies; 

Fig. 6.2) and chaotic interbeds of sandstone and mudstone with trace fossils 

(Sa(t) facies) beds. 

 The upper part of the SF core (913.9 to 905.5 metres; 2991.5 to 2970 

feet) is dominated by sandstone beds with grain size ranging from medium- to 

fine-grained. The upper part of the SF cores consist of mudstone (Mm facies), 

laminated sandstone (Sl facies), chaotic interbedded sandstone and mudstone 

(Sa facies), laminated sandstone with trace fossils (Sl(t) facies), interbedded 

sandstone and mudstone (Si facies), chaotic interbedded sandstone and 

mudstone with trace fossils (Sa(t) facies), massive sandstone (Sm facies), 

wispy sandstone (Sw facies) and interbedded sandstone and mudstone with 

trace fossils (Si(t) facies; Fig. 6.3).  

 

6.2.2 Sedimentology – Core and Wireline Lithology 

6.2.2.1 Core Lithology 

 The base of the SF core from 932.3 to 924.2 metres (3058.1 to 3031.5 

feet) begins with a wispy sandstone bed with a thickness of 24 centimetres that 

underlies a laminated sandstone bed. Overlying this bed, a thin bed of massive 

sandstone is located between 932.04 and 931.98 metres (3057.1 and 3056.9 

feet), which underlies a laminated sandstone bed followed by a chaotic 

interbedded sandstone and mudstone, sandstone bed containing trace fossils 

and clasts and another massive sandstone bed. The massive sandstone bed is 

overlain by a succession containing alternating beds of wispy sandstone and 

chaotic interbedded sandstone and mudstone (931.4 to 928 metres; 3055 to 
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3043.7 feet) that underlies a second succession consisting of laminated 

sandstone, chaotic interbedded sandstone and mudstone and wispy sandstone. 

Overlying the second succession is a massive sandstone that is overlain by 

wispy sandstone with clasts (Fig. 6.4). Then overlying this bed is a second 

succession located between 926.9 and 925.6 metres (3040.3 and 3036.0 feet). 

Overlying this succession is a succession containing alternating beds of 

chaotic interbedded sandstone and mudstone and massive sandstone. 

 The middle part of the SF core (924.2 to 913.1 metres; 3031.5 to 2995 

feet) starts with interbedded sandstone and mudstone that is overlain by a 

chaotic interbedded sandstone and mudstone (thickness of 52 centimetres). 

Overlying this sequence is interbedded sandstone and mudstone. This 

succession underlies a mudstone bed (thickness 17 centimetres) sandwiched 

between two chaotic interbeds of sandstone and mudstone (Fig. 6.5). It is 

overlain by laminated sandstone and chaotic interbeds of sandstone and 

mudstone. Overlying this bed is a succession (922.3 to 919.9 metres; 3025.3 to 

3017.2 feet) containing alternating beds of wispy sandstone (with or without 

trace fossils or clasts) and a chaotic interbed of sandstone and mudstone, 

which is underlain by a second succession containing mudstone and the Sa 

facies. The second succession is overlain by a third succession consisting of 

wispy sandstone and interbeds of sandstone and mudstone, which is overlain 

by the fourth succession. The fourth succession consisting of the Sa and Sw 

facies, which underlies the fifth succession containing Sa and Sm facies. 

Overlying the fifth succession is laminated sandstone and a mudstone bed. 
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 The upper part of the SF core consists of four obvious successions. The 

bottom of the upper part of the SF core starts with alternating chaotic interbeds 

of sandstone and mudstone, and laminated sandstone beds. The second 

succession (911.3 to 911.2 metres; 2989.1 to 2988.7 feet) overlies the first 

succession and contains Si and Sm facies that underlies the third succession 

consisting of alternating chaotic interbeds of sandstone and mudstone, wispy 

sandstone and massive sandstone. A mudstone bed lays on top of this 

succession (909.78 to 909.75 metres; 2984.1 to 2984 feet) and is overlain by 

massive sandstone and wispy sandstone. The fourth succession contains 

interbeds of sandstone and mudstone (with or without trace fossils) underlying 

laminated sandstone that is overlain by chaotic interbeds of sandstone and 

mudstone with occasional massive sandstone beds found between the all beds 

of the fourth succession. 

 

6.2.2.2 Wireline Lithology 

Section Between 792.7 and 1036.6 metres (2600.0 and 3400.0 feet) 

 The section from 1036.6 to 960.4 metres (3400.0 to 3150.0 feet) 

displays alternating mudstone and sandstone beds. Between 960.4 and 936.0 

metres (3150.0 and 3070.0 feet) is a succession of sandstone, which is similar 

to the middle part of SF field core (Fig. 6.16). Alternating beds of mudstone 

and sandstone are located from 936.0 to 930.9 metres (3070.0 to 3053.3 feet). 

The section between 912.7 and 913.2 metres (2993.6 and 2995.2 feet) consists 

of mudstone beds. The succession between 905.5 and 881.1 metres (2970.0 

and 2890.0 feet) looks similar to the basal lithology of SF field core. 
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Successions from 881.1 to 872.0 metres (2890.0 to 2860.0 feet) have similar 

lithologies to the middle part of SF field core while the succession from 872.0 

to 792.7 metres (2860.0 to 2600.0 feet) consists of alternating sandstone and 

mudstone beds. 

 

6.2.3 Lithology Interpretation 

 The base of the SF cores basically displays Tb-Te sequences with 

fairly common Sm, Sw and Sa facies (Fig. 6.6), which show alternating 

proximal and distal suspension sediments. The base of SF cores show mid fan 

or slope channel deposits (Fig.5.28).  

 The middle part of the SF core mainly consists of Sw facies-Td 

sequence. The base of the middle part of the SF cores displays Tb-Td-Te 

sequences, which is overlain by a succession consisting of Sw facies-Td and 

sporadical Sm facies. Overlying this succession is a sequence containing Td-

Te and a succession of Sw facies-Td. This succession is overlain by a Td-Te 

and a Tb-Sw facies that are overlain by a succession containing Sw facies-Td 

sequence with occasionally Sm facies. The top of the middle part of the SF 

cores consists of a Tb and Te sequence. Generally the middle section of SF 

cores display mid fan or slope channel deposits. 

 The upper part of the SF core is dominated by Tb-Td sequences. The 

bottom part of the upper SF core contains a Tb-Td sequence that is overlain by 

a Td and Sm facies. The middle of the upper part of the SF cores consists of a 

succession containing Tb-Tc-Td sequences that is overlain by a Te-Sm facies-

Tc sequence. The top of the SF core comprises a succession of Tb-Td (Fig. 
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6.7) sequences with occasionally Sm facies. The upper section of SF cores 

also shows mid fan or slope channel deposits. 

 The whole vertical profile of SF cores display mid fan or slope channel 

deposits due to the nature of the sediments. The vertical profile displays fining 

upwards sequences with coarser sandstone beds and chaotic features at the 

base grading into finer sediments, which displays low density turbidite 

deposits (Fairbridge, 1966). The graded sandstone beds indicate sudden strong 

currents depositing coarser sediments first and chaotic features indicate 

possible erosion of sediments down a sloping channel. The mid fan theory 

basically shows proximal sediments deposited at the base with finer sediments 

deposited on top of the proximal sediments. The chaotic features could be due 

to the sloping channel. 

 

 

6.3 PETROLOGY 

SF samples suitable for petrological studies were taken from the fine-

grained sequences due to sample availability and condition. SF sand grain size 

ranges between lower fine sand to lower very fine sand with mean grain sizes 

of 2.67 to 3.69 phi. The major grain size is upper very fine sand. The grains 

are angular to subangular with the average grain radius of 1.66 to 2.18. 

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite and rock fragments 

(Figs. 6.8, 6.9). The dominant mineral is quartz (51 % to 78 %) followed by 

chert (4 % to 18 %) and metaquartzite (1 % to 11 %). 
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Referring to Figure 6.10, the trend is similar to the KBB2 and KBB3 

samples, which show that the sandstones are sublitharenite. The age of the SF 

area is 10.6 Ma, which is equivalent to the Kin fan. The recycled orogen 

provenance is also similar to those of the deep-water fields (Fig. 6.11).  

 

 

6.4 ROCK PROPERTY EVALUATION 

The sandstone porosity from the wire-line logs of the SF cored 

intervals varies between 22.0 % (silty sandstone) and 34.3 % (Appendix 3). 

Estimated sandstone porosity from CAP studies exhibit a range of 15.7 % 

(laminated sandstone) to 27.2 %, with an average of 22.4 % (Table 6.1 and 

Fig. 6.12). The plug porosity ranges from 20.5 % to 30.2 % (Appendix 4). The 

sonic trace shows a consistent value of approximately 116 to 118 μs/ft for 

sandstone (massive or weakly laminated or sparse wispy material) porous and 

approximately 110 to 115 μs/ft for mudstone, interbedded mudstone and 

sandstone or heavily laminated and chaotic beds. This is further supported by 

a density of 2.1 to 2.2 gm/cc in the massive or weakly laminated or sparse 

wispy material sandstone beds compared with a density of 2.2 to 2.4 gm/cc in 

the underlying interbedded sandstone and mudstone, mudstone and heavily 

laminated or chaotic beds.  

 The core analysis Klinkenberg permeability varies between 3.3 mD 

(mudstone) to 1538 mD (sandstone). 
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6.5 X-RAY DIFFRACTION ANALYSIS (XRD) 

The total content of clay ranges between 6.8 wt. % to 33.6 wt. % 

(Table 6.2). The whole rock composition is principally quartz (51.1 wt. % to 

86.3 wt. %). Clay minerals recognized in the SF samples are illite (44.9 to 

65.0 relative wt. % of clay fraction), chlorite (0.0 to 4.2 relative wt. % of clay 

fraction) and mixed-layer illite/smectite (12.1 to 40.6 relative wt. % of clay 

fraction). The mixed-layer illite/smectite contains approximately 10% of 

smectite layer.  

 

 

6.6 SCANNING ELECTRON MICROSCOPY (SEM) 

 The SEM samples are poorly sorted (Fig. 6.13) and consist of fine-

grained sand set in a detrital clay matrix. Intergranular pores (Fig. 6.14) are 

quite common. The detrital quartz grains are subangular to subrounded and 

quartz overgrowth were noted in the samples. Illite and mixed-layer 

illite/smectite are the principal clay minerals that were identified (Fig. 6.15). 

 

 

6.7 DIAGENESIS 

 Cementation is the diagenetic process that was recognized in the SF 

samples. The common mineral cements that were recognized are quartz, illite, 

mixed-layer illite/smectite and chlorite. The quartz overgrowths were 

identified in the SEM photos. 
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 Secondary intragranular porosity was identified in the SF samples. The 

intragranular porosity measurements range from 0.3 to 2.0 % with an average 

of 1.3 %. The IGV diagram (Fig. 6.12) does display compaction. The 

intergranular porosity of 21 % has 1 % cement suggesting a 20 % porosity 

loss.  

 

 

6.8 BIOSTRATIGRAPHY AND TRACE FOSSILS 

6.8.1 Biostratigraphy 

 Referring to the biostratigraphy report from Sarawak Shell Berhad 

(SSB), both micropalaeontology and nannoplankton analysis results were 

barren for depths between 905.5 and 932.3 metres (2970.2 and 3058.1 feet). 

This is due to the coarse-grained sandy lithology, which is not an ideal 

environment for microfaunas and nannoplankton to be preserved. It is 

concluded that it is non-diagnostic for both micropaleontology and 

nannoplankton. 

 However the palynology analysis results show that the SF field falls in 

the P 630 zone, which is equivalent to TB 3.1, based on samples taken from 

906.1 to 924.1 metres (2972.1 to 3031.0 feet). These samples display a low 

percentage of Rhizophora but common palm and Montana floras, which 

demonstrate a cool climate (Table 6.3). 
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6.8.2 Trace Fossils 

The SF trace fossils indicate a calm environment, which is suggested 

by the presence of burrows such as Chondrites, Planolites, Teichichnus and 

Rosselia. These ichnofacies are categorized under the Cruziana ichnofacies. 

Cruziana ichnofacies are typically indicative of moderate energy levels in 

shallow waters below fair-weather wave base but above storm wave base, to 

low energy levels in deeper, quieter waters (Pemberton, 1998).  

Phycosiphon is classified as Zoophycos ichnofacies. Zoophycos are 

more characteristic of deep water environments and are normally found within 

the depositional gradient that defines the outer shelf-to-slope transition 

(Pemberton, 1998). 

 

  

6.9 SUMMARY 

 The SF field displays channel-lobe transition at the base of a slope 

environment with several flows. This is suggested due to the nature of 

successions in the field. The successions generally display Sa facies with 

chaotic features, some due to slumping, some are heavily bioturbated and 

some are massive or graded sandstone beds. In between the Sa facies lays Tb 

to Te sequences. 

 Generally the SF field displays Tb-Td-Te sequences with common Sw 

and Sa facies and less common Sm facies. These deposits display 

characteristics of turbidites from high and low concentration flows. The whole 
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SF field shows characteristics of slope deposits. Slope deposits normally 

associated with chaotic featured beds and graded beds. 
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CHAPTER 7 

KIN FAN 

 

7.1 INTRODUCTION 

 Kin fan is aged between 9.5 Ma to 10.6 Ma. The fields or wells that 

penetrate the Kin fan are the KBB2 and KBB3 fields. These fields are located 

northwest of Kota Kinabalu, Sabah, in the North-West Borneo Basin (Fig. 

9.1). KBB fields are located at the edge of an outboard allocthon.  

 

  

7.2 STRATIGRAPHY AND SEDIMENTOLOGY 

7.2.1 Kin Fan Stratigraphy 

7.2.1.1 KBB2 Field 

 Mudstone beds dominate KBB2 cores but a few fine- to very fine-

grained sandstone beds are also present. The KBB2 cores were taken between 

1941.2 and 2056.7 metres (6367.0 and 6746.1 feet), which penetrates the Kin 

fan succession. The basal part of the Kin fan ranges from 2056.7 to 2048.2 

metres (6746.1 to 6718.0 feet) and consists of laminated mudstone (Ml facies), 

mudstone (Mm facies), massive sandstone (Sm facies), interbedded sandstone 

and mudstone (Si facies), laminated sandstone (Sl facies) and wispy sandstone 

beds. Some of these beds contain mud clasts, which are very rare. 

 The middle part of the Kin fan was cored between 1973.6 and 1966.3 

metres (6473.3 and 6449.5 feet) and comprises laminated mudstone (Ml 

facies), massive sandstone (Sm facies) and mudstone with clasts (Mm( c ) 
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facies) beds. The clasts are commonly of silty rock fragments. The upper part 

of the Kin fan between 1953.4 and 1941.2 metres (6407.3 and 6367.0 feet) and 

consists of mudstone with clasts (Mm( c ) facies), interbedded sandstone and 

mudstone with or without clasts (Si( c ) and Si facies), laminated mudstone 

(Ml facies), mudstone (Mm facies) and massive sandstone (Sm facies) beds.

  

7.2.1.2 KBB3 Field 

 KBB3 cores are dominated by very fine- to medium-grained sandstone 

but the majority is fine-grained. The base of the Kin fan between 2182.9 and 

2173.8 metres (7160.0 and 7130.0 feet) comprises massive sandstone (Sm 

facies), rippled sandstone (Srx facies), wispy sandstone (Sw facies), massive 

sandstone with clasts (Sm( c ) facies) and laminated sandstone (Sl facies) beds 

(Fig. 7.1). 

 The middle part of the Kin fan (2107.0 to 2091.1 metres; 6911.0 to 

6859.0 feet) consists of laminated sandstone (Sl facies), interbedded sandstone 

and mudstone with or without laminae (Sil or Si facies), massive sandstone 

with or without clasts (Sm( c ) or Sm facies), wispy sandstone with or without 

clasts (Sw facies), laminated mudstone (Ml facies), mudstone (Mm facies) and 

rippled sandstone (Srx facies) beds. The upper part of Kin fan between 

2090.3 to 2073.2 metres (6856.2 to 6800.0 feet) comprises massive sandstone 

(Sm facies), laminated sandstone (Sl facies), wispy sandstone (Sw facies), 

laminated mudstone (Ml facies), rippled sandstone (Srx facies), interbedded 

sandstone and mudstone with or without laminae (Sil or Si facies) and massive 

sandstone with clasts (Sm( c ) facies) beds. 
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7.2.2 Sedimentology – Core and Wireline Lithology 

7.2.2.1 Core Lithology 

7.2.2.1.1. KBB2 Field 

 The whole of the Kin fan, which is represented by KBB2 field 

(Appendix 1), is dominated by mudstone (whether the mudstone beds are 

massive, laminated or contain clasts). At the bottom (2056.7 to 2056.1 metres; 

6746.1 to 6744.1 feet) of the cored Kin fan laminated mudstone (Ml facies) 

underlies a massive mudstone bed that is overlain successively by a massive 

sandstone bed (43 centimetres thick), a laminated mudstone bed, a laminated 

sandstone bed, which underlies an interbedded sandstone and mudstone 

succession (18 centimetres thick). The overlying laminated sandstone bed is 

followed by a succession of laminated sandstone and mudstone (with or 

without clasts) beds between 2053.5 and 2051.1 metres (6735.5 and 6727.7 

feet). A wispy sandstone bed overlies this succession. This bed underlies a 

succession containing mudstone beds (Mm facies) underlying massive 

sandstone beds. Overlying this succession is a laminated sandstone bed 

(2048.6 to 2048.5 metres; 6719.5 to 6719.0 feet), which underlies a massive 

sandstone bed and an interbedded sandstone and mudstone succession. 

 The bottom of the middle part of the Kin fan starts with a thick 

laminated mudstone bed (1.9 metres thick) overlain by a thin sandstone bed (3 

centimetres thick), a succession of laminated mudstone, a bed of mudstone 

with clasts and a massive mudstone bed. 

 The upper part of the Kin fan can be subdivided into two successions. 

The lower succession consists of alternating beds of mudstone (with or 
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without clasts) underlying interbedded sandstone and mudstone (with the 

bottom two beds containing clasts). This lower succession is overlain by the 

upper succession consisting of laminated mudstone underlying massive 

mudstone that underlies mudstone with clasts. The second succession is 

repetitious between 1946.7 and 1941.2 metres (6385.3 and 6367 feet) in the 

KBB2 cores. Ophiomorpha and Teichichnus are present between 1945.1 and 

1946.6 metres (6380.0 and 6385.0 feet). There is a thin massive sandstone bed 

located between 1942.5 and 1942.3 metres (6371.3 and 6370.9 feet).  

 

7.2.2.1.2. KBB3 Field 

 KBB3 cores are dominated by fine-grained sandstone. The base of the 

cored Kin fan in KBB3 cores (Appendix 1) consists of a massive sandstone 

bed underlying a massive sandstone bed with clasts that underlies a wispy 

sandstone between 2182.9 and 2175.7 metres (7160.0 and 7136.3 feet). At 

2175.6 metres (7136.0 feet) an erosive surface was indicated in the wispy 

sandstone bed. The overlying laminated sandstone bed is overlain by 

alternating beds of wispy sandstone (Fig. 7.2) and massive sandstone (with an 

overall thickness of this succession being approximately 1 metre). This 

succession underlies a rippled sandstone bed with a thickness of 12 

centimetres. Overying this bed is a wispy sandstone bed, which underlies a 

massive sandstone bed located between 2174.3 and 2173.8 metres (7131.7 and 

7130.0 feet). 

 The middle part of the Kin fan begins with a laminated sandstone bed, 

which underlies an interbedded sandstone and mudstone succession that 
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underlies a massive sandstone bed. Overlying this bed is a succession 

consisting of massive sandstone overlain by a wispy sandstone bed that 

underlies a massive sandstone bed with clasts. A laminated sandstone bed is 

located between 2103.0 and 2102.2 metres (6897.9 and 6895.3 feet). 

Overlying this succession is a laminated mudstone bed underlying a massive 

sandstone bed that underlies a wispy sandstone bed containing clasts, which is 

overlain by a mudstone and a massive sandstone bed. A second type of 

succession overlies the massive sandstone bed between 2100.0 and 2093.6 

metres (6887.9 and 6867.0 feet) consists of laminated sandstone bed 

underlying a wispy sandstone bed that underlies a massive sandstone bed with 

clasts (Fig 7.3). Overlying the second succession is a laminated sandstone bed 

overlain by a massive sandstone bed, which underlies a rippled sandstone bed. 

A fourth succession overlies the rippled sandstone bed and is located between 

2081.0 and 2092.0 metres (6825.8 and 6861.7 feet). Overlying the fourth 

succession is a laminated sandstone bed. This bed underlies alternating beds of 

massive sandstone, with clasts, and wispy sandstone. 

 The basal part (2090.3 metres; 6856.2 feet) of the upper Kin fan 

consists of a massive sandstone bed underlying a laminated sandstone bed. 

Three different types of successions are recognised. The first succession 

overlies the laminated sandstone and contains alternating beds of massive 

sandstone and wispy sandstone between 2089.9 and 2086.4 metres (6855.0 

and 6843.5 feet). Overlying this succession is a laminated mudstone (Fig.7.4) 

and rippled sandstone bed. Overlying this bed, the second succession contains 

alternating successions of laminated interbeds of sandstone and mudstone (Sil 
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facies) and interbeds of sandstone and mudstone (Si facies). The third 

succession consists of massive sandstone (with or without clasts), laminated 

sandstone and wispy sandstone beds. Overlying the third successions is a 

laminated interbedded sandstone and mudstone succession, followed by a 

wispy sandstone bed at the top of the upper part of the Kin fan. 

 

7.2.2.2 Wireline Lithology 

7.2.2.2.1 KBB2 Field 

 The succession between 2439.0 and 2103.7 metres (8000.0 and 6900.0 

feet) is dominated by coarser grained sandstone compared to the sandstones 

that were cored (Fig. 7.26). The succession from 2103.7 to 2056.7 metres 

(6900.0 to 6746.0 feet) consists of mudstone. The sequences between 2048.2 

and 1973.6 metres (6718.0 and 6473.3 feet) and 1966.3 to 1953.4 metres 

(6449.5 to 6407.3 feet) display similar lithologies to the upper part of KBB2 

cores. This section ranging from 1941.4 to 1890.2 metres (6367.7 to 6200.0 

feet) has similar coarser grained successions to the base of KBB2 cores.  

 

7.2.2.2.2. KBB3 Field  

The sections from 2201.2 to 2182.9 metres (7220.0 to 7160.0 feet) and 

2179.4 to 2177.5 metres (7148.3 to 7142.3 feet) exhibit successions similar to 

the basal part of KBB3 cores. The section between 2173.8 and 2107.0 metres 

(7130.0 and 6910.9 feet) displays sandstone underlying mudstone beds (Fig 

7.27). The section from 2105.9 to 2104.1 metres (6907.4 to 6901.5 feet) 

consists of successions of mudstone and sandstone. Between 2091.2 and 
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2090.3 metres (6859.0 and 6856.2 feet) the section is composed of sandstone. 

The next section ranging from 2075.6 to 2073.4 metres (6808.0 to 6800.8 feet) 

consists of sandstone similar to the upper part of the KBB3 cores. Section 

from 2073.2 to 2042.7 metres (6800.0 to 6700.0 feet) consists of alternating 

beds of sandstone and mudstone with the sandstone showing similar properties 

to the middle and upper part of KBB3 cores. 

 

7.2.3 Lithology Interpretation 

7.2.3.1 KBB2 Field 

 The base of the Kin fan represented by the KBB2 field is dominated by 

Tb-Td-Te sequences. This succession displays a transition from high- to low-

density flows of turbidity currents. The base of the Kin fan shows 

characteristics of silty sandy distal lobe deposits. 

 The middle part of the Kin fan consists of a Te sequence, which 

demonstrates pelagic sedimentation and Sm facies suggests suspension 

sedimentation of high-density turbidite or grain flow deposits. The upper part 

of the Kin fan is dominated by a Te sequence with occasionally Td sequences 

and Sm facies. The upper part of the Kin fan displays low-density flows and 

pelagic sedimentation. Basically the middle and upper part of the Kin fan 

displays characteristics of silty sandy distal lobe deposits. 

  

7.2.3.2 KBB3 Field 

 The base of the Kin fan displays a succession containing Sm facies 

underlying a Tc bed (Fig 7.5) that underlies a Tb bed. Overlying the Tb 
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sequence another succession containing alternate deposits of Sm facies and Tc 

beds. The base is dominated by suspension sedimentation from high-density 

flows, which suggests a series of midfan deposits. The base of the Kin fan 

basically displays Tb-Tc sequences, which possessed the characteristics of 

sandy lobe deposits. 

 The middle part of the Kin fan displays a succession comprising a Tb-

Td sequence underlying a succession containing Tb-Tc-Te sequence with 

occasional Sm facies deposited in both successions. Overlying the Tb-Tc-Te 

sequence is a succession with alternates of Tb and Tc sequences that underlie 

a Te sequence. The Te sequence is overlain by a succession containing 

alternating Ta deposits and Tc sequences with occasional Tb sequences 

located in the succession. Generally the middle part of the Kin fan displays 

Tb-Tc-Td-Te sequence with Sw facies as the common lithology. This middle 

section is dominated by suspension sedimentation from high-density flows, 

which suggest possible midfan or suprafan deposits of silty sandy distal lobes. 

 The upper part of the Kin fan shows a general trend of Tb-Tc-Td 

sequence with one Te sequence located in the middle of the upper part of the 

Kin fan. The bottom of the upper part of the Kin fan consists of a Sm facies, 

which underlies a Tb sequence (Fig. 7.6). A succession of alternating Sm 

facies and Tc sequences overlies this Tb sequence. A Te, Tc and a series of 

Tb-Td sequences, overlies the succession. Overlying the series of Tb-Td 

sequence is a succession consisting of alternating Sm facies and Tc-Td units 

that underlies a series of alternating Td and Sm facies. This series is overlain 

   90



                                                                                                              CHAPTER 7 – KIN FAN 

by a Tc sequence. This section of the Kin fan displays sandy and silty sandy 

distal lobes deposits. 

 

 

7.3 PETROLOGY 

7.3.1 KBB2 Field 

The KBB2 cores consist of upper to lower very fine sand with mean 

grain sizes of 3.22 to 3.94 phi. The dominant grain size is lower very fine 

sand. The grains are angular with an average grain radius of 1.0 to 2.0. 

Common minerals that are identified from the KBB2 sandstone are 

quartz (monocrystalline quartz and polycrystalline quartz), chert, 

metaquartzite and rock fragments (Figs 7.7, 7.8). The dominant mineralogy in 

the sand fraction is quartz (61 % to 62 %) followed by chert (10 % to 12 %) 

and metaquartzite (2 % to 4 %). Feldspar grains are extremely rare. 

Referring to Figure 7.9 the KBB2 sandstones are categorized as 

sublitharenite and are of recycled orogen provenance (Fig. 7.10).  

 

7.3.2 KBB3 Field 

The KBB3 grain size ranges from lower fine sand to lower very fine sand, 

with mean grain sizes of 2.83 to 3.63 phi. The dominant grain size is upper 

very fine sand. The grains are angular to subangular with an average grain 

radius of 1.6 to 2.1. 

The common minerals that are found in the KBB3 sandstone are quartz 

(monocrystalline quarzt and polycrystalline quartz), chert, metaquartzite and 
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rock fragments (Figs 7.11, 7.12). The chief mineral is quartz (40 % to 73 %) 

followed by chert (6 % to 19 %) and metaquartzite (1 % to 48 %).  

KBB3 samples are of similar age to KBB2 samples. Figure 7.13 exhibits a 

similar trend to the KBB2 QFR plot with KBB3 samples falling in the 

sublitharenite class. The provenance plot has the same trend and provenance 

as KBB2 (Fig. 7.14).  

 

 

7.4 ROCK PROPERTY EVALUATION 

7.4.1 KBB2 Field 

Estimated sandstone porosity in KBB2 cores from CAP studies exhibit 

a range between 17.3 % (laminated sandstone) to 23.2 % (Table 7.1). Plug 

porosity shows a range from 16.5 % to 27.1 % with an average of 21.8 % 

(Appendix 4). The sonic trace demonstrates a mean value of about 115 to 120 

μs/ft for porous sandstone and approximately 118 to 123 μs/ft for mudstone. 

The sandstone beds have a density of 2.1 to 2.2 gm/cc compared with 2.3 to 

2.5 gm/cc in the underlying mudstone.  

 The core analysis Klinkenberg permeability varies between 1.1 mD 

(mudstone) to 420 mD (laminated sandstone). 

 

7.4.2 KBB3 Field 

The sandstone porosity from the wire-line logs of the KBB3 cores 

ranges from 16.3 % to 24.7 % with an average of 20.5 % (Appendix 3). 

Estimated sandstone porosity from CAP studies display a range of 10.8 % to 
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18.1 % with an average of 15.4 % (Table 7.2) and the plug porosity 

measurement demonstrate a range from 11.5 % to 21.1 % (Appendix 4). The 

sonic trace shows a consistent value of approximately 94 to 104 μs/ft for 

porous sandstone and approximately 103 to 120 μs/ft for mudstone. This is 

further supported by a density of 2.3 to 2.4 gm/cc for the mudstone beds 

compared with 2.2 to 2.3 gm/cc in the underlying laminated sandstone or 

mudstone.  

 The Klinkenberg permeability core analysis varies between 0.2 mD (at 

2082.3 metres; 6829.95 feet) to 121 mD (at 2085.7 metres; 6840.98 feet). 

 

 

7.5 X-RAY DIFFRACTION ANALYSIS (XRD) 

7.5.1 KBB2 Field 

 Table 7.3 shows that the total content of clay varies between 13.3 wt. 

% and 52.3 wt. %. The whole rock composition is dominated by quartz with 

an average of 59.4 wt. %. The clay minerals recognized in the KBB2 samples 

are illite (34.4 to 45.1 relative wt. % of clay fraction), kaolinite (5.4 to 9.1 

relative wt. % of clay fraction), chlorite (12.2 to 16.6 relative wt. % of clay 

fraction) and mixed-layer, illite/smectite (35.8 to 44.3 relative wt. % of clay 

fraction). It is noted that the mixed-layer illite/smectite contains between 30 % 

and 40 % of smectite layer.  
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7.5.2 KBB3 Field 

 As shown in Table 7.4, the total clay content ranges between 6.3 wt. % 

to 10 wt. %. The whole rock composition is dominated by quartz with a mean 

of 83.4 wt. %. The clay minerals recognized are illite (2.6 to 4.6 wt. %), 

kaolinite (0.7 to 1.4 wt. %), chlorite (1.1 to 1.8 wt. %) and mixed layer 

illite/smectite (1.4 to 2.3 wt. %). 

 

 

7.6 SCANNING ELECTRON MICROSCOPY (SEM) 

7.6.1 KBB2 

 The SEM samples are poorly sorted and contain fine-grained quartz. 

The grains are subangular to subrounded (Fig. 7.15). Plagioclase grains are 

elongate and may be rimmed with K-feldspar overgrowth (Fig. 7.16). Porosity 

of these samples is principally intergranular and deep (Figs 7.16, 7.17) but 

micropores are also still visible. Illite and mixed-layer illite/smectite is the 

main clay mineral observed (Fig. 7.18). Kaolinite and chlorite are also present 

in these samples (Fig. 7.19). 

 

7.6.2 KBB3 

 The SEM samples display moderately sorted grains. The quartz grains 

are mainly fine sand size and subangular (Figs 7.20, 7.21). Quartz 

overgrowths are present in these samples. Intergranular pores dominate the 

samples however the grains show inconsistent contacts (Fig. 7.22). Micropores 

are visible within the detrital clays (Fig. 7.21). The chief clay minerals 
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identified are illite and mixed-layer illite/smectite (Fig. 7.23). Rare euhedral 

pyrite crystals are noted in the samples. 

 

 

7.7 DIAGENESIS 

7.7.1 KBB2 Field 

 Cementation is the diagenetic process that was recognized in the KBB2 

samples. The common mineral cements that were recognized are K-feldspar, 

illite, mixed-layer illite/smectite, kaolinite and chlorite. The K-feldspar display 

overgrowths that were identified in the SEM photos. 

 Secondary intragranular porosity was identified in KBB2. The 

intragranular porosity measurements range from 1.1 % to 6.1 %. The IGV 

diagram (Fig. 7.24) does not display any compaction. 

 

7.7.2 KBB3 Field 

 The common mineral cements that were identified in the KBB3 

samples are quartz, illite and mixed-layer illite/smectite. Quartz overgrowths 

were identified through the SEM and petrology analysis. 

 Secondary intragranular porosity was recognized in the KBB3 

samples. The intragranular porosity values range between 1 % and 2.8 %. The 

IGV diagram (Fig. 7.25) does not display any compaction. 
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7.8. BIOSTRATIGRAPHY AND TRACE FOSSILS 

7.8.1 Biostratigraphy (Based on SSB report) 

7.8.1.1 KBB2 Field 

 Micropalaeontology studies from 1897.9 to 1969.3 metres (6225.0 to 

6459.3 feet) display G. lenguaensis, which recommends a zone not older than 

SN 14 (TB 2.6) and is further supported by the existence of G. nepenthes. The 

next 3.7 metres below 1969.3 metres (6459.3 feet) is categorized as non-

diagnostic due to the impecunious nature of the samples. However samples 

that were analysed above 1897.9 metres (6225.0 feet) suggest a TB 3.2 to TB 

2.6 sequence. Some of the marker species that were recognized are 

Globorotalia pseudomiocenica (SN 19C to SN 14), Globigerina nepenthes 

(SN 19A to SN 14) and Globorotalia margaritae (SN 19B to SN 18). 

 Nannofossil studies were based on samples taken from 1271.3 to 

2636.3 metres (4170.0 to 8647.0 feet). Results from 1850.6 to 2423.8 metres 

(6070.0 to 7950.0 feet) concluded that these samples come from the NN 9A 

zone (upper TB 2.6), based on the occurrence of Discoaster hamatus and 

Catinaster coalitus. The NN 10 marker species, that is Discoaster bollii, is 

found throughout the samples but shows periodic reworking. It was concluded 

that the sand age is restricted to TB 2.6 sequence (and /or older). Below 

2423.8 metres (7950.0 feet) some of the samples are barren and some have 

marker species belonging to NN 8 (upper TB 2.6). Above 1856.7 metres 

(6090.0 feet) the samples suggest a range of zones from NN 17 (lower TB 3.7) 

to ?NN 9 (?lower TB 3.1 to ?upper TB 2.6). 
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 Palynology samples were taken between 1312.5 to 2579.3 metres 

(4305.0 to 8460.0 feet). Samples between 1941.2 to 2056.3 metres (6367.0 to 

6744.8 feet) suggest P 630 (TB 3.1), based on a moderate percentage of F. 

trilobato, low percentage of S. laurifolio, common Eugeisonna minor, Arenga, 

Pinus and Gramineae. These marker species further proved two climatic 

trends as follows: 

a. from 1941.2 to 1972.0 metres (6367.0 to 6468.3 feet) was warm, 

based on relatively high percentages of Rhizophora and common 

Alangium and Dipterocarpus; 

b. from 2049.1 to 2056.3 metres (6721.0 to 6744.8 feet) was cool, 

based on low percentage of Rhisophora and common Pinus and 

palm floras. 

Samples taken below 2056.3 metres (6744.8 feet) are barren. Samples 

analysed above 1941.2 metres (6367.0 feet) suggest P 800 cool (TB 3.7) to ?P 

710 cool (?intra. TB 3.3 to base TB 3.2) (Table 7.5). 

 

7.8.1.2. KBB3 Field 

 Micropalaeontology on samples from 405.5 to 3172.3 metres (1330.0 

to 10405.0 feet) indicates that most samples are barren due to poor recoveries 

of planktons from the samples. However certain depths some planktonics were 

recovered, for example: 

a. at 2094.5 metres (6870.0 feet ) contains G. extremug aged SN 21 to 

SN 17 and; 
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b. at 2152.4 metres (7060.0 feet) contains G. pseudomiocenica aged 

SN 19C to SN 14 (not older than SN 14 / upper TB 2.6). 

Samples above 1864.3 metres (6115.0 feet) have a range of age between SN 

22A (lower TB 3.8) to SN 16 (not older than SN14, TB 3.2 to TB3.1).  

 Nannofossil studies were done between 405.5 to 3049.7 metres (1330.0 

to 10003.0 feet). Samples taken from 2024.4 to 2353.7 metres (6640.0 to 

7720.0 feet) are aged NN 9B (lower TB 3.1) based on a number of marker 

species been identified such as D. bollii and C. coalitus (reworked or not 

reworked). Samples analysed below 2353.7 metres (7720.0 feet) suggest an 

age of NN 9A (upper TB 2.6). Analysed samples above 2024.4 metres (6640.0 

feet) display a range of ages between NN 21 (TB 3.1) and ?NN 10 (?intra TB 

3.1) based on a number of marker species present including Discoaster 

berggrenii, D. pentaradiatus, S. neoabies, Discoaster brouweri and 

Gephyrocapsa oceanica. 

 Palynology results indicate that samples between 1868.9 and 2294.2 

metres (6130.0 and 7525.0 feet) have a P 630 age (TB 3.1), which is based on 

moderate percentage of F. trilobata, a low percentage of S. laurifolia, 

common Pinus and down-hole increase of Gramineae. The climatic trends are 

as follows: 

a. from 1868.9 to 2152.4 metres (6130.0 to 7060.0 feet) is warm due 

to common presence of Rhizophora; and 

b. from 2234.8 to 2294.2 metres (7330.0 to 7525.0 feet) is cool based 

on low percentage of Rhizophora and common occurrence of 

Pinus. 
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Results from 2353.7 to 2687.5 metres (7720.0 to 8815.0 feet) suggest an age 

of P 620 (upper TB 2.6), and a warm climatic trend. Samples between 2783.5 

to 3172.3 metres (9130.0 to 10405.0 feet) are P 610 age (upper TB 2.6 to TB 

2.5), and indicate cool climate trend. Samples analysed from above 1868.9 

metres (6130.0 feet) age range between P 900 (TB 3.1 to TB 3.8) to P 710 

(intra TB 3.3 to base TB 3.2). Recommended depositional environment is base 

of slope (Table 7.6). 

 

7.8.2 Trace Fossils 

7.8.2.1 KBB2 Field 

 Three types of trace fossils that were distinctively recognized are 

Ophiomorpha, ?Planolites and Teichichnus. ?Planolites and Teichichnus are 

classified under Cruziana ichnofacies and Ophiomorpha is categorized under 

Skolithos ichnofacies. Ophiomorpha may appear in slightly to considerably 

deeper water deposits as long as energy levels, food supplies, hydrographic 

and substrate characteristics are suitable (Crimes et al., 1981). As for Cruziana 

ichnofacies, they are usually found in moderate energy to low energy levels, 

that is from shallow to deeper quieter water environments (Pemberton, 1992). 

 

7.8.2.2 KBB3 Field 

 Ophiomorpha, ?Planolites, Palaeophycus and ?Thalassinoides were 

identified in the KBB3 cores. Ophiomorpha is categorized under Skolithos 

ichnofacies and ?Planolites and ?Thalassinoides is classified as Cruziana 

ichnofacies. Ophiomorpha and Palaeophycus are both normally found in both 
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marine and brackish water environments (Pemberton, 1992). The types of 

ichnofacies identified in KBB3 cores are similar to those of KBB2 cores. 

These ichnofacies are quite common in deep water environments. 

 

 

7.9 SUMMARY 

 The KBB fields suggest multiple flow units at the base, middle and 

upper part of the Kin fan where it is dominated by suspension sedimentation 

from high-density flows typical of a midfan deposit. The base of Kin fan 

basically displays Tb-Tc sequence of sandy lobe deposits. The middle and 

upper part of Kin fan shows Tb-Tc-Td-Te sequences with common Sw facies 

and less common Sm facies. Therefore the middle and upper part of Kin fan 

displays characteristics of sandy and silty sandy distal lobes deposits. 

Proximal turbidite deposits are represented by the presence of Sm 

facies and Tb sequence whereas, distal turbidite deposits are suggested by the 

presence of Tc, Td and Te sequences. Such successions suggest switching of 

lobes in the Kin fan as alternations of proximal and distal turbidite sequences 

were found overlying one another. 
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CHAPTER 8 

KAM FAN 

 

8.1 INTRODUCTION 

 The Kam fan is aged between 8.5 Ma to 9.5 Ma. The wells or fields 

that intersect the Kam fan are the lower sequences in the GMS field, and the 

KME and KMEUC fields. The GMS field is located southwest of Kota 

Kinabalu and KME and KMEUC fields are located northwest of Kota 

Kinabalu (Fig. 1.8). The water depth of Kam fan ranges from 700 to 1000 

metres. The prominent features observed in the deepwater areas are 

asymmetries and elongated anticlines as a result of large thrust slip faulting 

basinward (EPS-WSO, 1999). Deepwater turbidite sediments (age from Mid-

Late Miocene) fill the deepwater basin and the downhole logs display 

connected successions of stacked sands. The Kam fan successions overlie the 

Kin fan successions and underlie the Pink fan successions.  

 

 

8.2 STRATIGRAPHY AND SEDIMENTOLOGY 

8.2.1 Kam Fan Stratigraphy 

8.2.1.1 GMS Field   

 The lower part of the GMS core that represent the Kam fan ranges 

from 2529 to 2631 metres (8295 to 8629.7 feet). The facies identified in this 

field are Sw, Sl, Srx, Si, Mm, Sw( c ), Sl(t), Sl( c ), Sm( c ) and Sm(t) facies. 

The base of the Kam fan in the GMS core consists of mudstone beds (Mm 
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facies) overlain by interbeds of sandstone and mudstone (Si facies) and 

laminated sandstone beds (Sl facies) with an overall thickness of 1.6 metres 

(5.4 feet). 

 The middle part of the Kam fan consists of several successions of 

wispy sandstone beds (Sw facies), interbeds of sandstone and mudstone (Si 

facies), wispy sandstone with mud clasts (Sw( c ) facies), laminated sandstone 

(Fig. 8.1) with or without mud clasts and trace fossils (Sl( c ) and Sl(t) facies), 

rippled sandstone (Srx facies), sandstone with trace fossils or mud clasts 

(Sm(t) or Sm( c ) facies) and massive sandstone (Sm facies). This succession 

has a thickness of approximately 15 metres (49.3 feet). The upper part of Kam 

fan in the GMS cores comprises a mudstone bed (Mm facies) at the bottom 

from 2544.8 to 2544 metres (8347 to 8344.3 feet), which underlies a thin 

massive sandstone bed (Sm facies). Overlying this massive sandstone bed is a 

thin mudstone bed followed by repetitious succession of interbeds of 

sandstone and mudstone (Si facies), laminated sandstone (Sl facies), wispy 

sandstone (Sw facies) and massive sandstone (Sm facies). Some of these beds 

contain mud clasts or trace fossils (Fig. 8.2). The thickness of the upper part of 

the Kam fan is approximately 15.9 metres (52 feet). 

  

8.2.1.2 KME Field 

 The KME cores are dominated by medium- to fine-grained sandstone. 

The KME cores that represent the Kam fan are from the depth of 2400.9 to 

2482.3 metres (7875 to 8142 feet). In general the KME cores consist of graded 

sandstone (SmG facies), interbeds of sandstone and mudstone (Si facies), 
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laminated mudstone (Ml facies), rippled sandstone (Srx facies), wispy 

sandstone (Sw facies) and mudstone (Mm facies). Some of these beds contain 

mud clasts and trace fossils.  

 The lower section of the Kam fan core (2482.3 to 2451.2 metres; 

8142.0 to 8040.0 feet) comprises rubble of massive sandstone (Sm facies), 

laminated sandstone (Sl facies) and interbeds of sandstone and mudstone (Si 

facies). Basically this section of the Kam fan displays Tb-Td Bouma sequence 

trends with the presence of Sm facies. 

The middle part of the Kam fan core (2434.1 to 2433.2 metres; 7984.0 

to 7981.0 feet) comprises massive sandstone beds overlain by either an 

interbedded sandstone and mudstone succession or a laminated sandstone bed. 

Very rarely the laminated sandstone beds contain trace fossils. Towards the 

top of the middle part of the Kam fan massive and laminated mudstone beds 

are identified. The middle part of the Kam fan show similar Bouma sequence 

trends to the lower part of the Kam fan.  

 The upper part of the Kam fan core (2431.4 to 2402.1 metres; 7975.0 

to 7879.0 feet) consists of repeated cycles of massive sandstone (some 

containing mud clasts or trace fossils), laminated sandstone (some with trace 

fossils), wispy sandstone (rarely containing trace fossils), interbeds of 

sandstone and mudstone, mudstone (rarely laminated or contain traced fossils) 

and rippled sandstone (Fig. 8.3). The upper part of the Kam fan core displays 

Tb-Tc-Td sequences with Sm and Sw facies. 
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8.2.1.3 KMEUC Field 

 The Kam fan in the KMEUC cores principally consists of very fine-

grained sandstone and mudstone. The main facies include massive sandstone 

(Sm facies), laminated sandstone (Sl facies), mudstone (Mm facies), laminated 

mudstone (Ml facies), rippled sandstone (Srx facies) and interbeds of 

sandstone and mudstone (Si facies). Some of these beds contain mud clasts. 

 The base of the Kam fan in the KMEUC core (2183.5 to 2181.0 

metres; 7162.0 to 7153.8 feet) consists of 1 metre of laminated mudstone (Ml 

facies) overlain by rippled sandstone, mudstone and massive sandstone beds. 

 The middle of the Kam fan in the KMEUC core (2181.0 to 2179.0 

metres; 7153.0 to 7147.0 feet) comprises massive sandstone, laminated 

sandstone and interbedded sandstone and mudstone. Mud clasts are rare in the 

sandstone beds. This section of the KMEUC core displays the presence of Tb-

Td sequences with Sm facies. The upper part of the Kam fan in the KMEUC 

core (2179.0 to 2178.0 metres; 7147.0 to 7144.0 feet) encompasses laminated 

sandstone, massive sandstone and mudstone. These beds represent Tb-Te 

sequences and Sm facies. 

 

8.2.2 Sedimentology – Core and Wireline Log Lithology 

8.2.2.1 Core Lithology 

8.2.2.1.1 GMS Field 

 The Kam fan in the GMS core (2529.0 to 2631.0 metres; 8295.0 to 

8629.7 feet) is dominated by medium- to very fine-grained sandstone and is 

unconsolidated (Appendix 1). Some of the core sections are preserved and 
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therefore, were not described and part of the Kam fan was not cored. The 

cored intervals are from 2529.0 to 2544.8 metres (8295.0 to 8347.0 feet; Core 

3A) and from 2614.3 to 2631.0 metres (8575.0 to 8629.7 feet; Core 3B).  

 The base of the Kam fan in the GMS core (2631.0 to 2629.4 metres) 

consists of a 30 centimetres mudstone bed (Mm facies), which underlies a 3 

centimetres sandstone bed (Sm facies). The overlying mudstone and sandstone 

beds are both 15 centimetres thick. They are overlain by interbedded 

sandstone and mudstone (Si facies), a sandstone bed and a second interbedded 

sandstone and mudstone succession. At 2629.4 to 2630.2 metres (8624.3 to 

8627.0 feet) lies a laminated sandstone bed (Sl facies), which underlies further 

interbedded sandstone and mudstone. 

 The middle part of the Kam fan is dominated by wispy sandstone (Sw 

facies) and laminated sandstone (Sl facies) beds. At the bottom of the middle 

part of the Kam fan a wispy sandstone bed (from 2629.3 to 2568.0 metres; 

8624.0 to 8423.0 feet) is overlain by interbedded sandstone and mudstone and 

a second thin wispy sandstone bed. Laminated sandstone with mud clasts and 

trace fossils (Sl( c ) and Sl(t) facies) was found on top of the wispy sandstone 

bed and underlies a massive sandstone bed with mud clasts (Sm( c ) facies). 

Overlying this bed is a laminated sandstone bed with trace fossils and mud 

clasts (thickness of 90 centimetres). This cycle of beds is repeated throughout 

the middle part of the Kam fan. Between 2622.0 and 2621.3 metres (8600.0 

and 8598.0 feet) is a bed of rippled sandstone (Srx facies). A massive 

sandstone bed located between 2620.5 and 2619.9 metres (8595.1 and 8593.2 

feet) underlies a wispy sandstone bed with mud clasts. Two thin beds of 
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mudstone (approximately 24 centimetres thick) are present farther up in this 

succession.  

 The upper part of the Kam fan (2544.8 to 2529.0 metres; 8347.0 to 

8295.0 feet) starts with a 82 centimetres thick mudstone bed (Mm facies), 

which underlies several successions consisting of massive sandstone (Sm 

facies) underlying a laminated sandstone (Sl facies) and an interbedded 

sandstone and mudstone bed. From 2539.4 metres (8329.3 feet) the succession 

changes to a wispy sandstone bed (Sw facies) overlain by a laminated 

sandstone bed (Sl facies) and an interbedded sandstone and mudstone (Si 

facies). The top of the Kam fan consists of a 1.5 metres thick bed of wispy 

sandstone (2530.5 to 2529.0 metres; 8300.0 to 8295.0 feet). 

 

8.2.2.1.2 KME Field 

 The KME cores are dominated by medium- to very fine-grained 

sandstone and mudstone beds (Appendix 1). Some core sections are preserved 

and therefore, were not described and some parts of the Kam fan were not 

cored. The three cored intervals are Core 1 (2400.9 to 2431.4 metres; 7875.0 

to 7975.0 feet), Core 2 (2433.2 to 2434.1 metres; 7981.0 to 7984.0 feet) and 

Core 3 (2451.2 to 2482.3 metres; 8040.0 to 8142.0 feet). 

 The base of the Kam fan in the KME core consists of a rubble of 

massive sandstone (Sm facies) overlain successively by a laminated sandstone 

bed (Sl facies), interbedded sandstone and mudstone (Si facies) and a massive 

sandstone bed (2482.2 to 2482.3 metres; 8141.5 to 8142.0 feet). 
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 The middle part of the Kam fan is represented by Core 2 in the KME 

field. The middle part begins with a massive sandstone bed (Sm facies) 

underlying an interbedded sandstone and mudstone succession (Si facies) and 

another massive sandstone bed. This is overlain successively by a laminated 

sandstone bed (Sl facies), a laminated sandstone bed with trace fossils (Sl(t) 

facies), another laminated sandstone bed (2433.5 to 2433.5 metres; 7982.0 to 

7981.85 feet), a mudstone bed (Mm facies) and a massive sandstone bed that 

underlies a laminated mudstone bed (Ml facies). The top of the middle part of 

the Kam fan between 2433.3 and 2433.2 metres (7981.3 and 7981.0 feet) is an 

interbedded sandstone and mudstone succession. 

 The upper part of the Kam fan (represented by Core 1 in KME field) is 

approximately 30.5 metres thick. It consists of 7 different sequences of beds. 

The bottom of the upper Kam fan succession consists of massive sandstone 

(Sm facies) overlain successively by a laminated sandstone (Sl facies), 

overlain by another massive sandstone, a wispy sandstone (Sw facies) and a 

sandstone bed with trace fossils (Sm(t) facies) beds. The second succession 

comprises alternating beds of mudstone (Mm facies) and thin interbeds of 

sandstone and mudstone (Si facies) located between 2427.7 and 2426.9 metres 

(7963.0 and 7960.1 feet). The third succession encompasses rippled sandstone 

(Srx facies), massive sandstone (Sm facies) with or without mud clasts or trace 

fossils beds and a bed of mudstone. The fourth succession consists of wispy 

sandstone (Sw facies) with or without trace fossils followed by massive 

sandstone (with or without mud clasts), laminated sandstone (Sl facies) and 
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mudstone (Mm facies) beds. The fourth succession is located between 2423.3 

and 2416.2 metres (7948.4 and 7925.2 feet).  

 The fifth succession consists of laminated sandstone (Sl facies) and 

massive sandstone (Sm facies) beds with one rippled sandstone bed located 

between approximately 2415.4 and 2415.3 metres (7922.5 and 7922.4 feet). 

The sixth succession starts with massive sandstone (with or without trace 

fossils (t) or mud clasts ( c )), underlying mudstone (Mm facies), interbedded 

sandstone and mudstone (Si facies) and laminated sandstone (Sl facies) beds. 

Between the sixth and seven successions is a thin bed of laminated mudstone 

(Ml facies) located from 2404.8 to 2404.6 metres (7887.6 to 7887.2 feet). 

Finally the seventh succession located at 2404.6 to 2400.9 metres (7887.2 to 

7875.0 feet), consists of laminated sandstone (Sl facies) overlain by massive 

sandstone (with or without trace fossils), ripple sandstone (Srx facies), 

mudstone (with or without trace fossils (t)), interbedded sandstone and 

mudstone and finally at the top of the upper Kam fan is a massive sandstone 

bed (thickness approximately 15 centimetres). 

 

8.2.2.1.3 KMEUC Field 

 The Kam fan in the KMEUC core (Appendix 1) is dominated by fine- 

to very fine-grained sandstone and mudstone beds. Some core sections are 

preserved and, therefore, were not described and some parts of the Kam fan 

were not cored. There is only one core that was cored that is Core 1 (2178.0 to 

2183.5 metres; 7144.0 to7162.0 feet). 
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 The base of the core consists of laminated sandstone (Sl facies) 

between 2183.5 and 2180.6 metres (7162.0 and 7152.4 feet), which underlie a 

mudstone bed (Mm facies), a sandstone bed (approximately 24 centimetres 

thick) and a second mudstone bed. 

 The middle part of the Kam fan from 2181.0 to 2179.3 metres (7153.8 

to 7148.0 feet), comprises a massive sandstone bed (Sm facies) overlain by 18 

centimetres of laminated sandstone (Sl facies) and a thin interbedded 

sandstone and mudstone succession (Si facies). Above this succession is a 

sandstone bed with mud clasts, a massive sandstone and a succession of thinly 

interbedded sandstone and mudstone. Overlying this succession between 

2179.6 and 2179.3 metres (7149.2 and 7148.0 feet) is a massive sandstone 

bed. 

 The upper part of this fan consists of a laminated sandstone bed (Sl 

facies), overlain by a massive sandstone bed, a mudstone bed and a final 

massive sandstone bed with a thickness of approximately 18 centimetres. 

 

8.2.2.2 Wireline Log 

8.2.2.2.1 GMS Field 

 From the wireline log (Fig. 8.26) the missing core section between 

2544.8 and 2614.3 metres (8347.0 and 8575.0 feet) is dominated by mudstone 

with alternating sandstone and mudstone located from 2557.9 to 2551.8 metres 

(8390.0 to 8370.0 feet). Mudstone also dominates the section between 2614.3 

and 2682.9 metres (8575.0 and 8800.0 feet). 
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8.2.2.2.2 KME Field 

 Referring to Figure 8.27, depths between 2519.8 and 2482.3 metres 

(8265.0 and 8142.0 feet) display fine-grained sandstone alternating with 

mudstone. Missing sections of the KME core ranging from 2451.2 to 2434.1 

metres and 2433.2 to 2431.4 metres (8040.0 to 7984.0 feet and 7981.0 to 

7975.0 feet) consist of alternating sandstone and mudstone, which is similar to 

the middle part of the SF cores (Chapter 6). Between 2400.9 and 2385.7 

metres (7875.0 and 7825.0 feet) display sandstone beds that thin upward into 

mudstone. 

 

8.2.3 Lithology Interpretation 

8.2.3.1 GMS Field 

 Interbeds of sandstone and mudstone representing the Td-Te Bouma 

turbidite divisions principally dominate the base of the Kam fan. The 

mudstone at the base of the Kam fan reflects a low energy environment with 

deposition of pelagic sediment. Overlying the mudstone is a massive 

sandstone bed (Sm facies) suggesting a grain flow deposit or suspension 

sedimentation from a high density flow (turbidite). Occasional low-density 

turbidity current deposits are represented by Si facies (Td-Te Bouma 

sequence) and a gush of high-density flow and sediment suspension due to the 

presence of the Sl facies (Tb Bouma sequence) and Sm facies. A trend that is 

obviously related to the Bouma sequence is Tb-Td (Fig. 8.4) and displays 

characteristics of sandy and silty sandy distal lobes.  
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 The middle part of the Kam fan display two types of Bouma sequence 

trends, which are Sw-Td-Te and Tb-Sw (Fig. 8.5). However the most common 

Bouma facies that were identified are the Tb sequence and Sw facies. The Sw-

Td-Te Bouma sequence reflects deposition from low-density flow of the 

turbidity current, which is later, followed by a high-density turbidity current 

producing upper flow regime. The middle part of the Kam fan shows 

characteristics of silty sandy distal (Sw-Td-Te) and sandy lobe (Tb-Sw) 

deposits. 

 The upper part of the Kam fan is dominated by the Tb-Td trend, which 

indicates a flux of high and low-density flows. There is an occasional Te 

Bouma type sequence suggesting placid environment of deposition and Sw 

facies that could be related to a low-density flow. The upper part portion 

basically displays sandy lobe deposits.  

 

8.2.3.2 KME Field 

 The lower Kam fan in the KME field displays a similar common 

Bouma sequence trend to the base GMS field, that is the Tb-Td succession. 

The bottom of KME field sediments consist of Sw facies that is characterised 

by the presence of a massive sandstone bed, which is then followed by the 

deposition of a Tb sequence and a Td sequence. This section of KME field 

displays characteristics of a sandy lobe environment. 

 The middle part of the Kam fan in the KME field has a similar Bouma 

sequence trend to the middle part of the GMS field, that is the Tb-Td and 

therefore has the characteristics of silty sandy distal and sandy lobe 
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environments. It is also dominated by the Td sequence, which reflects low-

density flows. Te sequences are not common in this section of the Kam fan. 

The middle part of the Kam fan reflects alternation of high- and low-density 

flow of turbidity currents. 

 The upper part of the Kam fan in the KME field is dominated by Tb 

sequences and is similar to the upper part of the GMS field also displaying 

sandy lobe deposits. The first succession has a Tb-Tc sequence, the second 

succession displays a Td-Te sequences (Fig. 8.6), the third succession shows a 

Tc sequence, the fourth succession exhibits a Tb-Tc-Te sequence, the fifth 

succession presents a Tb sequence, the sixth succession demontrates a Tb-Td-

Te sequence and the seventh succession displays a Tb-Tc sequence. This 

suggests that high-density flow turbidity current of an upper flow regime 

principally dominates the upper part of the Kam fan. 

 

8.2.3.3 KMEUC Field 

 The base of the Kam fan in the KMEUC field demonstrates similar 

characteristic to the GMS field, that is the deposition of pelagic sediments, 

which indicates a very low energy depositional environment. This is supported 

by the presence of Te sequences displaying distal turbidite deposits, which 

dominates the base of the KMEUC field succession. 

 The middle part of the Kam fan in the KMEUC field presents a trend 

of Tb-Td sequences. Occasional Sm facies are located in the middle part of 

this fan but it is dominated by the presence of Td sequences, which suggests 
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an alternation of distal suspension sedimentation and high-density flows 

(proximal turbidite deposits). 

 The upper part of the Kam fan in the KMEUC field shows a similar 

trend to the KME field, that is a dominance of Tb-Te sequences. However 

between the Tb-Te sequences sporadical Sm facies are present. 

 

 

8.3 PETROLOGY 

8.3.1 GMS Field (2529.0 to 2631.0 metres; 8295.0 – 8629.7 feet) 

Grain size in the Kam fan ranges from upper very fine sand to coarse 

silt, with mean grain sizes of 3.52 to 4.67 phi. The principal grain size is 

coarse silt. The grains are angular to subangular, with an average grain radius 

of 1.45 to 1.74.  

Common detrital minerals identified in the Kam fan in the GMS field are 

quartz (monocrystalline quarzt and polycrystalline quartz), chert, 

metaquartzite and rock fragments (Figs 8.7, 8.8). Quartz is the dominant 

mineral comprising between 66 % and 85 % of the sand fraction, followed by 

chert (4 % to 17 %) and metaquartzite (3 % to 11 %). The sandstones are 

mainly categorized as quartzarenite but some fall into the sublitharenite 

category (Fig. 8.9). Feldspar grains are uncommon. 

 The QFR provenance plot (Fig. 8.14) exhibit recycled orogen 

provenance and has a low ratio of oceanic to continental components.  
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8.3.2 KME Field 

The Kam fan sand grain sizes in the KME field varies between upper 

fine sand and lower very fine sand with mean grain sizes of 2.29 to 3.70 phi. 

The chief grain size is fine sand. The grains are angular to subangular with an 

average grain radius of 1.64 to 2.24. 

The common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite and rock fragments 

(Figs 8.10, 8.11). The major mineral is quartz, which includes 56 % to 87 % of 

the sand content, followed by chert (1 % to 18 %) and metaquartzite (3 % to 

14 %). 

The Kam fan in the KME field ranges from sublitharenite to 

quartzarenite, which is quite similar to those from the GMS field (Fig. 8.12). 

The provenance plot also shows similar trends to the GMS field, except the 

ratio of oceanic to continental components is slightly higher (Fig. 8.13).  

 

8.3.3 KMEUC Field 

The Kam fan sand grain sizes in the KMEUC field ranges between 

lower fine sand and upper very fine sand with mean grain sizes of 2.91 to 3.34 

phi. The main grain size is upper very fine sand. The grains are angular with 

an average grain radius of 1.77 to 1.96. 

Common minerals that are recognized are quartz (monocrystalline 

quartz and polycrystalline quartz), chert, metaquartzite and rock fragments 

(Figs 8.14 and 8.15). The dominant mineral is quartz (61 % to 83 %), followed 

by chert (5 % to 9 %) and metaquartzite (1 % to 6 %). 
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Figure 8.16 demonstrates a trend for the Kam fan in the KMEUC field 

comparable to GMS and KME samples with the sandstone classified as 

quartzarenite, sublitharenite and some subarkose. The provenance plot (Fig. 

8.17) illustrates two different provenances, which are recycled orogen and 

continental block (demonstrated by a high maturity).  

 

 

8.4 ROCK PROPERTY EVALUATION 

8.4.1 GMS Field 

The sandstone porosity from the wire-line logs for the Kam fan in the 

GMS cores ranges between 19.8 % (laminated sandstone) to 31.9 % with an 

average of 25.9 % (Appendix 3). Estimated sandstone porosity from CAP 

studies show a range of 21.8 % (laminated sandstone) to 34.6 % (Table 8.1) 

with an average of 28.3 %. The core plug porosity ranges from 24.5 % to 28.2 

% (Appendix 4). The sonic trace illustrates a consistent value of 

approximately 119.3 μs/ft for porous sandstone and approximately 94.8 μs/ft 

for the interbedded succession of sandstone and mudstone and heavily 

laminated sandstone. An apparent density of 2.1 gm/cc for the sandstone beds 

contrasts with the underlying interbedded succession of sandstone and 

mudstone and the heavily laminated sandstone further supports this with an 

apparent density of 2.3 to 2.5 gm/cc. 

 The Klinkenberg permeability varies between 169 to 3595 mD from 

core analysis. Predominantly the permeability lies between 1129 and 1969 
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mD. However, the wire-line log sandstone permeability ranges from 39 

(laminated sandstone) to 1338 mD.  

 

8.4.2 KME Field 

The sandstone porosity from the wire-line logs for the KME cores 

ranges between 14.4 % (silty sandstone) to 32.1 % with an average of 23.3 % 

(Appendix 3). Estimated sandstone porosity from CAP studies exhibit a range 

of 13.4 % (laminated sandstone) to 33.3 % (Table 6.2) with an average of 22.7 

%. The plug porosity ranges from 13.1 % to 30.2 % (Appendix 4). The sonic 

trace illustrates a consistent value of approximately 112.5 μs/ft for porous 

sandstone and approximately 119 μs/ft for mudstone. This is supported by a 

density of 2.1 to 2.2 gm/cc for the sandstone beds compared with a density of 

2.3 to 2.4 gm/cc in the underlying interbedded cycle of sandstone and 

mudstone or silty sandstone. 

 The core analysis Klinkenberg permeability varies between 0.3 mD (at 

2475.5 metres (8119.5 feet)) to 4582 mD (at 2461.6 metres (8073.9 feet)). 

 

8.4.3 KMEUC Field 

The sandstone porosity from the wire-line logs for the KMEUC cores 

ranges between 12.9 % (silty laminated sandstone) to 31.3 %, with an average 

of 22.1 % (Appendix 3). Sandstone porosity from CAP studies display a range 

between 33.9 % to 41.0 % (take note that some of the grains are floating, 

which caused higher porosities due to poorly preserved samples, Table 8.3) 

and the plug porosity presents a range from 19.3 % to 35.7 % with an average 
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of 30.7 % (Appendix 4). The sonic trace illustrates a consistent value of 

approximately 140.4 μs/ft for porous sandstone and approximately 128.9 μs/ft 

for mudstone. Relative porosity is also indicated by a density of 2.1 to 2.2 

gm/cc for the sandstone beds compared with the density of 2.3 gm/cc in the 

underlying interbedded cycle of sandstone and mudstone or silty laminated 

sandstone.  

 The core analysis Klinkenberg permeability varies between 1.4 to 2926 

mD with an average of 1176 mD. 

 

 

8.5 X-RAY DIFFRACTION ANALYSIS (XRD) 

8.5.1 GMS Field 

The total clay content varies between 3 wt. % to 14 wt. % for these 

samples (refer Table 8.4). The main clay minerals indicated for the Kam fan 

are illite-muscovite (27 to 49 relative wt. % of clay fraction) and the mixed-

layer illite/smectite (12 to 37 relative wt. % of clay fraction). Other clay types 

include kaolinite and chlorite. The mixed layer illite/smectite contains 20 % to 

25 % smectite layers in the Kam fan.   

 

8.5.2 KME Field 

 Referring to Table 8.5 the total clay content in the Kam fan in the 

KME field ranges from 6.5 wt. % to 40.8 wt. % with an average content of 

14.4 wt. %. The highest content of clay is at 2452.6 metres (8044.5 feet). The 

whole rock composition is dominated by quartz with an average of 76 wt. %. 
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The clay minerals that have been identified are illite (17.3 to 60.6 relative wt. 

% of clay fraction), kaolinite (5.2 to 71.1 relative wt. % of clay fraction), 

chlorite (4.4 to 8.3 relative wt. % of clay fraction) and mixed-layer 

illite/smectite (4.5 to 48.2 relative wt. % of clay fraction). The chief clay 

mineral is illite with an average of 50.5 relative wt. % of clay fraction. It is 

noted that the highest content of kaolinite is at 2479.3 metres (8132.1 feet).    

 

8.5.3 KMEUC Field 

 The total amount of clay in the Kam fan in the KMEUC field ranges 

between 7.5 wt. % to 20 wt.% with an average content of 11.8 wt. % (Table 

8.6). The whole rock composition is dominated by quartz with an average of 

82.7 wt. %. The clay minerals include illite (3.2 wt. % to 7.8 wt. % with an 

average of 4.9 wt. % of clay fraction), kaolinite (1.0 wt. % to 3.7 wt. % of clay 

fraction), chlorite (1.2 wt. % to 3.8 wt. % of clay fraction) and mixed-layer 

illite/smectite (1.8 wt. % to 4.7 wt. % of clay fraction). The principal clay 

mineral is illite with an average of 4.9 wt. %. 

 

 

8.6 SCANNING ELECTRON MICROSCOPY (SEM) 

8.6.1 GMS Field 

 The SEM samples show that the grains are mostly moderately sorted 

quartz with minor K-feldspar (Fig. 8.18). Principally the grains are fine-

grained and are subangular to subrounded in shape. Clay minerals that have 

been identified in these samples are kaolinite, illite and smectite. A detrital 
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biotite grain is found wedged between clay-coated detrital grains (Fig. 8.19). 

Much of the porosity is intergranular porosity with common intragranular and 

microporosity present in the clays and K-feldspar.  

 

8.6.2 KME Field 

 The SEM sample shows that the grains are moderately sorted with a 

majority being fine-grained. Quartz is the primary detrital grain type in the 

sample. The grains are subangular to subrounded in shape. Most of the grains 

are coated or partially coated with clay. The type of clay identified in this 

sample is illite (Fig. 8.20). Much of the porosity is intergranular porosity.  

 

8.6.3 KMEUC Field 

 The SEM samples display that the grains are moderately sorted 

sandstone with the majority of the detrital grains being fine-grained quartz. 

The grains are subrounded to subangular in shape. Some of the grains show 

fractures (Fig. 8.21). Predominantly the porosity is intergranular (Fig. 8.22). 

However most of the porosity is infilled by clay minerals such as illite. Clay 

minerals that are present in these samples are illite and kaolinite (Fig. 8.23). 

 

 

8.7 DIAGENESIS  

 The most common clay types that were identified in the Kam fan are 

illite, kaolinite and smectite. Illite and kaolinite are commonly associated with 
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burial diagenetic cements or as a pseudomorphic replacement of altered 

detrital feldspar minerals (Worden et al., 2003).   

 Clay lining and pore filling between mineral grains is the most 

common type of diagenesis. They suggest shallow burial in early diagenesis, 

which is part of the cementation process. In all the samples analysed 

intergranular porosity influences the degree of diagenesis in the sandstones. 

 

8.7.1 GMS Field 

 The IGV diagram (Fig. 8.15) suggests three scenarios for the Kam fan 

sandstone: (1) intergranular porosity that falls between 28 % and 30 % and has 

1 % to 3 % cement suggests a 25 % to 29 % porosity loss  resulting from 

compaction; (2) an intergranular porosity of 26 % with 3 % cement suggests a 

23 % porosity loss resulting from compaction; and (3) intergranular porosity 

of 25 % with 2 % cement suggests a 23 % porosity loss resulted from 

compaction. 

 

8.7.2 KME Field 

The IGV diagram (Fig. 8.24) suggests no evidence of compaction. The 

SEM analysis displays partial clay linings of grains, which indicates shallow 

burial. 
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8.7.3 KMEUC Field 

The IGV diagram (Fig. 8.25) suggests no evidence of compaction. The 

SEM analysis displays partial clay linings of grains, which indicates shallow 

burial. 

 

 

8.8 BIOSTRATIGRAPHY AND TRACE FOSSILS 

8.8.1 Biostratigraphy (Based on SSB report) 

8.8.1.1 GMS Field (2529.0 to 2631.0 metres; 8295.0 to 8629.7 Feet)  

 Micropalaeontology studies identified rare specimens of Globorotalia 

lenguaensis, which suggest an age of SN16 (uppermost TB 3.2 to lower TB 

3.1) at 2655.5 metres (8710.0 feet). Samples below 2655.5 metres suggest 

penetration of the SN 15 (lowermost TB 3.1) and SN14 (upper TB 2.6) zones. 

The SN15 zone marker species, G. siankensis (in situ or reworked), was found 

in the samples. The presence of Globorotalia mayeri indicated that the SN14 

micro zone has been penetrated (Table 8.3.). 

 Nannofossil studies on samples between 2600.6 and 2619 metres (8530 

and 8590.3 feet) suggested an age of ?NN9B (?lower TB 3.1) based on the 

presence of Discoaster hamatus. However this species could reflect local 

reworking from older preserved sequences. Samples from 2619 to 2875 metres 

(8590.3 to 9430 feet) are barren. However samples between 2893.3 and 

3067.1 metres (9490 and 10060 feet) suggested NN9B (lower TB 3.1), which 

is similar to samples taken between 2600.6 and 2619 metres  (8530 and 8590.3 

feet). Samples studied between 3080.8 and 3259.1 metres (10105 and 10690 
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feet) suggest a possible ?NN9A age (?upper TB 2.6) based on the presence of 

Catinaster coalitus (reworked) in some of the samples. 

 Palynology studies suggested the P630 zone (TB 3.1) for samples from 

2481.7 to 3163.1 metres (8140 to 10375 feet). This is based on a low 

percentage of S. laurifolia and a moderate percentage of F. trilobata. The 

following climatic trends are indicated. 

a. Between 2481.7 and 2792.7 metres (8140 and 9160 feet), the 

climate was warm based on a moderate percentage of Rhizophora 

type, a low percentage of Camptosteman and the common 

occurrence of Duria and Cephalomappa.  

b. From 2820.1 to 3163.1 metres (9250 to 10375 feet) the climate was 

cooler based on the relatively low percentage of Rhizophora type, 

the moderate percentage of Camptosteman, and common 

occurrences of palm floras and bisaccate pollen. 

Samples below 3163.1 metres (10375 feet) suggest ?P630 age (?TB 3.1) and a 

?cool based on the moderate percentage of Camptostemon (Fig. 8.3.). 

  

8.8.1.2 KME Field 

 The main focus was on samples collected between 2393.3 and 2644.8 

metres (7850.0 and 8675.0 feet). No microfaunas were preserved in any of the 

samples so, therefore, it is non-diagnostic for micropalaeontology.  

 Samples are of NN11 age from the nanno-zone analysis results. This is 

based on the supporting evidence of Amauralithus sp (at 2361.3 metres; 

7745.0 feet) and Discoaster quinqueramus (at 2407.0 metres; 7895.0 feet). 
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The nanno species D. pentaradiatus identified at 2601.9 metres (8534.1 feet) 

suggests that the NN11B zone has been penetrated, however the presence of 

Minylitha convallis at 2601.9 metres (8534.1 feet) also suggests that the NN10 

zone has been penetrated which further supports a TB 3.1 age for the 

sequence. Reworking of specimens has been noted. 

 Palynology studies have shown that samples taken from 2231.7 to 

2644.8 metres (7320.0 to 8675.0 feet) support a P630 zone, which suggests the 

TB 3.1 sequence has been penetrated. This is based on an increased percentage 

of F. trilabata and a decreased percentage of S. laurifolia with depth. It is also 

noted that reworking has occurred (Table 8.7).  

 

8.8.1.3 KMEUC Field  

 The micropalaeontology studies generally show micro-zones ranging 

from SN19 to SN17. This is based on the occurrence of Globorotalia 

margaritae and other related planktonic marker species such as G. inflata, G. 

tumida and P. praecursor, which corroborate a TB 3.5 and TB 3.4 age 

sequence (Table 8.8). 

 The range of nanno-zones that were suggested was based on the 

presence of Ceratolithus armatus, D. quinquerqmus, D. pentaradiatus, D. 

berggrenii and D. neohamatus. This concluded that the samples range from 

NN14 to NN10 age. 

 Palynology studies indicated ages in the P730 (TB 3.4) to P710 (TB 

3.2) zones. The top of P710 zone can be divided into three sub-climatic trends. 
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a. From 2118.9 to 2073.2 metres (6590.0 to 6800.0 feet) represents a 

P710 cool phase, which is based on higher percentage in montane 

bisaccate pollen and Gramineae. 

b. From 2091.5 to 2192.1 metres (6860.0 to 7190.0 feet) represents a 

P710? warm phase, which is based on a slight down-hole increased 

of peat swamp taxa and the absence of Palmae. 

c. From 2274.4 to 2384.1 metres (7460.0 to 7820.0 feet) is an earlier 

P710 cool phase based on the presence of palm pollen. 

It is noted that the above interpretation should be used with caution and P712 

was not recognised.  

 

8.8.2 Trace Fossils 

 Trace fossils that were recognized in the Kam fan are mainly from the 

GMS core as the KME and KMEUC cores were not well preserved therefore it 

is impossible to identify the type of trace fossils. The types of trace fossils that 

were distinctively recognized in the GMS cores that represents the Kam fan 

are Thalassinoides, ?Chondrites and ?Cosmorphape.   

 Chondrites and ?Thalassinoides are classified as Cruziana ichnofacies 

and are usually found in moderate energy to low energy levels that is from 

shallow to deeper quieter water environments (Pemberton, 1992). 

?Cosmorphape is categorized as Nereites ichnofacies and is commonly 

associated with turbidity currents (Pemberton, 1992). Both ichnofacies 

displays possible episodic turbidite events. 
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8.9 SUMMARY 

 Kam fan consists of alternations of fine-grained sandstone and 

mudstone with sandstone as the dominant lithology. Basically the basal part of 

the Kam fan displays Tb-Tc-Td-Te sequences, middle part shows Tb-Td 

sequences with less prevalent Tc sequence and Sm facies, and the upper part 

displays Tb-Td-Te sequences with less common Tc sequences and Sm facies. 

These suggest sandy and silty sandy distal lobes deposit. These deposits 

display characteristics of turbidites from high and low concentration flows. 

However the presence of the massive sandstone beds could indicate 

suspension sedimentation from high-density flow on an intermediate fan-lobe 

to progressively finer sediments in a more distal lobe. 

Sandy lobe deposits typically display a more proximal turbidite deposit 

type whereas the silty sandy lobe deposits show characteristics of distal 

turbidite deposits. Such depositional trends suggest switching between active 

and abandoned lobes, which is typically found in the middle part of a fan. 
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CHAPTER 9 

PINK FAN 

 

9.1 INTRODUCTION 

 The Pink fan is aged between 8.2 Ma to 8.5 Ma and in this study it is 

represented by the GMS field located southwest of Kota Kinabalu, Sabah (Fig. 

9.1). The Pink fan sequence overlies the Kam fan sequence. The GMS field is 

structurally defined as a hanging wall succession formed by the upward 

bending of a thrust fault (Chisholm, 2004). According to Chisholm (2004), the 

palaeogeographic setting for deposition of the Pink reservoir (Upper Miocene) 

lies in a proximal toe of slope position that was fed by linear slope canyons 

(Fig. 9.2). The Pink Fan consists of the youngest sand sequence considered in 

this study and overlies the other fan sands. The GMS cores that represent the 

Pink fan range from 2438.4 to 2496.4 metres (7998.0 feet to 8188.3 feet). 

However the vertical extent of the Pink lobe is approximately from 2400.0 to 

2525.0 metres (7870.0 to 8280.0 feet; Fig. 9.3) based on wire-line log data and 

biostratigraphy. 

 

 

9.2 STRATIGRAPHY AND SEDIMENTOLOGY 

9.2.1 Stratigraphy 

 The upper GMS cores (2438.4 to 2496.4 metres) represent the Pink fan 

succession (Fig. 9.4). The Pink fan cores consist of graded sandstone (SmG), 

laminated sandstone (Sl), cross-laminated sandstone (Srx), interbedded 
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sandstone and mudstone (Si), mudstone (Mm) beds, sandstone with trace 

fossils (Sm(t)), sandstone with clasts (Sm( c)), massive sandstone (Sm) and 

wispy sandstone (Sw). 

The basal part of the Pink fan succession in the GMS cores consists of 

sandstone (Srx, Sm(t),Sm(c ), Sm and Sw) with a thickness of 4.97 metres 

(8188.3 to 8172.0 feet). This part of the fan is dominated by massive 

sandstone with minor constituents of cross-laminated and wispy sandstone 

beds. All these sandstone beds either contain or do not contain mud clasts and 

or evidence of bioturbation.  

The middle part of the GMS cores (8172.0 to 8144.0 feet) consists of a 

graded sandstone bed (SmG), laminated sandstone (Sl), interbedded sandstone 

and mudstone (Si) and wispy sandstone beds (Sw). Some of these beds (SmG, 

Sl, Si and Sw) contain clasts, trace fossils, cross-laminae and internal laminae. 

The middle part of the GMS cores is dominated by alternations of sandstone 

and mudstone and laminated sandstone beds with some graded and wispy 

sandstone beds.  

The upper part of the GMS cores (8031.5 to 7998.0 feet) consists of 

laminated sandstone (Sl), interbedded sandstone and mudstone (Si), thin 

mudstone beds (Mm) and sandstone beds of Sw, Sm, Sm( c) and Sm(t) facies. 

Sl and Si facies dominate the upper part of the GMS cores.  

Throughout the GMS cores the full turbidite Bouma sequence 

divisions were identified. However the most prevalent sequences are the Tb 

and Td sequence with each representing proximal and distal turbidite deposits.  
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9.2.2 Sedimentology – Core and Wireline Log Lithology 

9.2.2.1 GMS Core Lithology (2438.4 to 2496.4 metres; 7998.0 – 8188.3 

feet) 

 The GMS cores from the Pink fan are dominated by fine- to very fine-

grained sandstone and are unconsolidated. However, parts of the cores are 

preserved and therefore were not described, and part of the Pink fan 

succession has not been cored. The three cores are Core 1A (2438.4 to 2441.9 

metres; 7998.0 to 8009.5 feet), Core 1B (2442.1 to 2448.6 metres; 8010.0 to 

8031.5 feet) and Core 2 (2482.9 to 2496.4 metres; 8144.0 to 8188.3 feet). 

Massive sandstone beds (Sm facies) with or without internal structures 

dominate the base of the GMS cores that represent the Pink Fan. At the very 

base (2496.4 to 2495.7 metres; 8188.3 to 8185.8 feet) of the cores, a massive 

sandstone bed is overlain by cross-laminated sandstone bed (Srx facies) and is 

further overlain by a massive sandstone bed containing trace fossils (Sm (t); 

Fig. 9.5). Overlying this bed is a structureless massive sandstone bed (Sm 

facies) with a thickness of 1.8 metres. Overlying the massive sandstone bed is 

a wispy sandstone bed (Sw facies; from 2493.8 to 2493.2 metres; 8179.8 to 

8177.8 feet), which underlies a wispy sandstone bed with mud clasts (Sw( c) 

facies) with a thickness of 1.2 metres (Fig. 9.6). Overlying this bed is a 

massive sandstone (Sm facies) bed with a thickness of 21 centimetres. 

 The middle part of the Pink fan (2443.9 to 2448.3 metres and 2482.9 to 

2491.5 metres; 8016 to 8030.5 feet and 8144 to 8172 feet in the GMS cores) 

consists of laminated sandstone (Sl facies) beds, interbedded sandstone and 

mudstone (Si facies), wispy sandstone (Sw facies) beds and a mudstone (Mm 
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facies) bed with the thickness of 9 metres. Most of these beds contain trace 

fossils or clasts. At 2491.5 to 2491.1 metres (8172.0 to 8170.8 feet, Figs 9.7 

and 9.8) is the laminated sandstone (Sl facies), which underlies an interbedded 

sandstone and mudstone succession (95 centimetres thick). Overlying this 

succession is a laminated sandstone bed with clasts (Sl(c ) facies) and on top 

of this bed is a bed of wispy sandstone (Sw facies) with a thickness of 40 

centimetres, which further underlies a thin laminated sandstone bed (Sl facies, 

with a thickness of 6 centimetres). Overlying the laminated sandstone bed is a 

massive sandstone bed with a thickness of 0.3 metres. This whole cycle of 

beds repeats up to 2482.9 metres (8144.0 feet) with occasional trace fossils 

found in the massive sandstone beds (Sm(t)) sandwiched between Sl facies 

and Sw facies such as from 2484.2 to 2483.5 metres (8148.25 to 8145.95 feet). 

Graded bedding with a coaserning upward sequence (SmG) is an uncommon 

feature but was observed from 2489.3 to 2488.7 metres (8164.8 to 8162.8 

feet). A pebbly sandstone bed (Sm(p) facies) was identified at 2448 metres 

(8029.3 feet) with a thickness of 12 centimetres. A scoured surface was 

identified at approximately 2447.4 metres (8027.55 feet) where the mud clasts 

are embedded at the base of a laminated sandstone bed (Sl facies). 

 The upper part of the Pink fan (2443.9 to 2438.4 metres; 8016.0 to 

7998.0 feet in the GMS cores) consists principally of laminated sandstone (Sl 

facies) and interbedded sandstone and mudstone (Si facies), which 

occasionally contain trace fossils and clasts. In the upper part of the Pink fan 

only two thin mudstone beds (Mm facies) were identified with thicknesses of 

6 and 2 centimetres. At the top of the Pink fan lies a pebbly sandstone bed 
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(Sm(p) facies) at 2440.7 metres (8005.5 feet, Fig. 9.9), which underlies a 

laminated sandstone bed (2438.6 to 2438.4 metres; 7998.7 to 7998.0 feet). 

 

9.2.2.2 Wireline Log  

 From the wire-line log (Fig. 8.26) these missing core sections that are 

2439.9 to 2440.2 metres (8003 to 8004 feet), 2440.8 to 2441.1 metres (8006 to 

8007 feet), 2441.9 to 2442.4 metres (8009.5 to 8011 feet), 2443 to 2443.3 

metres (8013 to 8014 feet), 2445.4 to 2445.7 metres (8021 to 8022 feet) and 

2446.6 to 2446.9 metres (8025 to 8026.0 feet) display the presence of 

sandstone beds and seemed to have similar characteristics to the beds that 

overlie and underlie them. Sections between 2448.6 and 2472.6 metres 

(8031.5 and 8110.0 feet) basically displays sandstone beds with occasional 

thin mudstone beds characteristics. Mudstone beds dominate the section 

between 2472.6 and 2473.8 metres (8110.0 and 8114.0 feet). Missing sections 

2484.7 to 2485.0 metres (8149.8 to 8150.8 feet), 2487.1 to 2487.4 metres 

(8157.8 to 8158.8 feet) and 2488.3 to 2488.6 metres (8161.8 to 8162.8 feet) 

generally displays majority of the beds are sandstone with less prevalent 

mudstone beds. 

 

9.2.3 Lithology Interpretation 

 The base of the Pink fan (2496.4 to 2495.7 metres; 8188.3 to 8185.8 

feet in the GMS cores) is principally dominated by massive sandstone. The 

massive sandstone bed at the base of the Pink fan suggest an environment with 

high concentration turbidity currents. Generally the succession in this part of 
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the fan shows Sm-Srx-Sw stacking suggesting an environment with high 

concentration turbidity currents at the base to bedload transportation in lower 

concentration turbidity currents as it goes up the stack of sequences. They all 

display rapid deposition and sandy lobe characteristics. This section of the 

GMS cores is dominated by proximal turbidite deposits with occasional distal 

turbidite deposits represented by Srx facies that is equivalent to the Tc Bouma 

sequence. 

The middle part of the Pink fan (2443.9 to 2448.3 and 2482.9 to 

2491.5 metres; 8016 to 8030.5 and 8144 to 8172 feet of GMS cores) is 

exemplified by common stacking of sandstone beds showing different facies 

from base to top as follows: Sl, Si, Sm( c), Sl, Sw, Sl, Sw and Si facies. 

Generally, this section of the core displays a Sw-SmG-Sl-Sw-Si-Sw stacking 

pattern, which is equivalent to Ta-Tb-Td Bouma sequence. This succession 

shows that Tb and Td Bouma sequence are the common turbidite sequence 

with less prevalent Ta and Tc sequence. This succession displays a transition 

from high- to low-density flows of turbidity currents. The middle part of the 

GMS cores exhibit silty sandy distal lobe characteristics. 

The laminated sandstone (Sl facies) and interbedded sandstone and 

mudstone (Si facies) sequences dominate the upper part of the Pink fan with 

uncommon massive sandstone (Sm facies) and mudstone beds (Mm facies. 

The general stacking pattern is Sm-Sl-Si-Mm, which is equivalent to Tb-Td-

Te Bouma sequence. Such beds are dominated by distal turbidite deposits and 

are classified as sandy lobe. 
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9.3 PETROLOGY 

 In the GMS (2438.4 to 2496.4 metres; 7998 to 8188.3 feet) cores sand 

grain size ranges from upper very fine sand to coarse silt with mean grain sizes 

between 3.85 and 4.77 phi. The principal grain size is coarse silt. The grains 

are angular to subangular with the average grain radius of 1.37 to 1.77.  

The common detrital minerals that are identified in the GMS sandstone 

are quartz (monocrystalline and polycrystalline), chert, metaquartzite and rock 

fragments (Figs 9.11 and 9.12). Quartz comprises 68 % to 92 % of the sand, 

followed by chert (3 % to 10 %) and metaquartzite (2 % to 10 %). Feldspar 

grains are rare but are present in a number of samples. According to Folk 

(1980), the lack of feldspar could reflect a humid climate or the source rock 

was an older sandstone, or low rank phyllite or schist. Both K-feldspar and 

plagioclase can be found in these samples. Plagioclase is identified by its 

polysynthetic twinning. The weathered and partially altered K-feldspar grains 

may indicate an origin from a rugged terrain and/or deposited in a humid 

climate (Folk, 1980). 

Figure 9.13 displays the QFR plot of the GMS samples, which 

indicates that the sandstones are quartzarenite. Therefore it falls into the 

recycled orogen provenance category (Fig. 8.28). Recycled orogen 

provenances are zones of plate convergence, which creates uplifted source 

areas (typically sedimentary and metamorphic rocks) along the collision suture 

belt and sediments derived from these sources includes rock fragments, quartz, 

feldspars and chert (Boggs, 2001).  
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9.4 ROCK PROPERTY EVALUATION 

 The porosity from the wire-line data for the Pink Fan ranges between 

23.2 % and 32.4 % with an average of 27.8 % (Appendix 1). The estimated 

CAP total porosity displays a range from 22.0 % to 34.6 % (Table 9.1). The 

small difference of 1 % to 5 % between types of porosity measurements is due 

to different techniques that were used to estimate the field porosity. The high 

porosity in the Pink Fan indicates a potentially good reservoir. The sonic trace 

shows a consistent value of approximately 123.1 μs/ft for porous sandstone 

and approximately 112.2 μs/ft for the interbedded cycle of sandstone and 

mudstone and heavily laminated sandstone. This is further supported by the 

apparent density of 2.1 gm/cc for the sandstone beds that is readily contrasted 

with the underlying interbedded cycle of sandstone and mudstone and heavily 

laminated sandstone that has an apparent density of 2.2 gm/cc. 

 The Klinkenberg permeability varies between 169 to 3595 mD as 

measured through core analysis. Predominantly the permeability ranges from 

1100 to 2000 mD. However the wire-line log permeability ranges from 55 to 

4320 mD. These results all reflect good permeability, which means good 

potential reservoirs.  

 

 

9.5 X-RAY DIFFRACTION ANALYSIS (XRD) 

 Referring to Table 9.2 the total content of clay ranges between 3 wt. % 

and 6 wt. % in sandstone beds from the Pink fan. The whole rock composition 

is dominated by quartz. Clay types that have been identified in the fan are 
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illite/muscovite, kaolinite, chlorite and mixed layer illite/smectite. In the Pink 

fan sequence, illite/muscovite (29 to 40 relative wt. % of clay fraction) and 

mixed layer illite/smectite (14 to 34 relative wt. % of clay fraction) are the 

chief clay minerals. The mixed layer illite/smectite contains 20 % to 25 % of 

smectite layers in the Pink fan. It is noted that the content of kaolinite (mean 

of 21 relative wt. % of clay fraction) and chlorite (mean of 17 relative wt. % of 

clay fraction) are consistent. The amount of illite/muscovite, chlorite and 

mixed layer illite/smectite present from the base to the upper part of Pink fan 

is consistent. However kaolinite displays a decrease in content from the base 

to the upper part of Pink fan. 

 

 

9.6 SCANNING ELECTRON MICROSCOPY 

 The SEM samples display moderately sorted fine-grained sandstone. 

Principally the grains are quartz with some quartz overgrowths identified (Figs 

9.14, 9.15). The grains are partially coated with detrital clay. The types of clay 

minerals that have been identified are illite, smectite and mixed layer 

illite/smectite (Fig. 9.15) found partially or fully coating quartz grains. 

Authigenic pyrite crystals are present in one sample. Much of the porosity 

appears to be integranular. 
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9.7 DIAGENESIS 

 Cementation and compaction are the main diagenetic processes that 

were observed in the Pink fan sandstones. However the extent of cementation 

does not really affect the total porosity and permeability of the Pink fan. The 

common clay mineral types that were identified through XRD are mixed-layer 

illite/smectite and illite/muscovite with minor contents of kaolinite and 

chlorite. Through SEM and petrology, clay linings, grain coating and pore 

fillings were observed but in a small quantity that does not affect the total 

porosity and permeability of the Pink fan. The clay linings, grain coatings and 

pore fillings are basically of detrital clays. 

Quartz overgrowths are also identified in the Pink fan sandstone 

through petrology and SEM. Quartz overgrowth is part of a mechanical 

compaction and deformation due to pressure solution. Quartz overgrowths 

occur during burial diagenesis, which leads to cementation. The amount of 

quartz overgrowths identified is low. 

 The IGV diagram (Fig. 8.29) suggests two scenarios for the Pink fan 

sandstone: (1) intergranular porosity that falls between 24 % to 26 % suggest 

no cementation or compaction occurred, (2) intergranular porosity that ranges 

from 30 % to 32 % has 1 % cement suggesting 29 % to 31 % porosity loss 

resulted from compaction. 

 

 

 

 



                                                                                                            CHAPTER 9 – PINK FAN 

   136

9.8 BIOSTRATIGRAPHY AND TRACE FOSSILS 

9.8.1 Biostratigraphy 

(Based on Osterloff, November 2004) 

 The analysed samples come from the hemipelagic shale, which is 

foubnd between sandstone beds. Micropalaeontology studies found an isolated 

specimen of Globorotalia lenguaensis at 2416.2 metres (7925 feet), which 

suggests the sample, comes from the SN16 to SN14 zone (uppermost TB 3.2 

to lower TB 3.1; Fig. 9.16).  

Nannoplankton results indicated the samples come from the NN11A 

(uppermost TB 3.2 to uppermost TB 3.1) to NN10 (intra TB 3.1) zones. The 

recognition of NN11A is based on the presence of the marker species 

Discoaster berggrenii and Discoaster quinqueramus, which suggest 

penetration of uppermost TB 3.1. At 2454.3 metres (8050 feet) Minylitha 

convallis was noted and suggests that NN10 has been penetrated, which is 

further supported by the presence of D. bollii at 2481.7 metres (8140.0 feet). 

Palynology analysis between 2262.2 and 2454.3 metres (7420.0 to 

8050.0 feet) suggest the samples come from the P711 zone (TB 3.2) based on 

the presence of a relatively low percentage of F. trilobata, S. laurifolia, 

Gramineae and common palm floras.  

 The palynological data suggest the following palaeoclimate trends. 

(a) From 2262.2 to 2303.4 metres (7420.0 to 7555.0 feet) was warm 

based on a relatively high percentage of Rhizophora and moderate 

percentages of Duria and Cephalomappa.  
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(b) From 2317.1 to 2454.3 metres (7600.0 to 8050.0 feet) was cooler 

based on a relatively low percentage of Rhizophora, a moderate 

percentage of Camptostemon and common palm floras. 

 Both micropalaeontology and palynology data, indicate a relationship 

between the palaeoclimate trends and the sand nature. Both data further 

disclose that the Pink Fan is reportedly associated with both Warm and Cold 

Climate phase, which is defined by lowstand systems tract (LST) phase. TB 

3.2 and lower TB 3.1 are equivalent to late Middle to early Late Miocene age 

(Table 9.3). 

 

9.8.2 Trace fossils 

 The types of trace fossils that were distinctively recognized in the 

GMS core that represents the Pink fan are Ophiomorpha, Plaeophycus, 

?Chondrites, Cylindrichnus, Scolicia and ?Thalassinoides (Figs 9.17, 9.18). 

These traces fossils are commonly found in Tertiary sediments. Ophiomorpha, 

Plaeophycus, ?Chondrites, Cylindrichnus and ?Thalassinoides are found in the 

laminated fine- to very fine-grained sandstone. ?Chondrites and 

?Thalassinoides are classified as Cruziana ichnofacies and are usually found 

in moderate energy to low energy levels that is from shallow to deeper quieter 

water environments (Pemberton, 1992). As for Ophiomorpha and 

Palaeophycus, they are both normally found in both marine and brackish 

water environments (Pemberton, 1992). 

 The mixed or discontinuity of different types of ichnofacies found in 

the Pink fan could be due to erosional activities that include the lowering of 
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sea level during lowstand systems tract (LST). According to Pemberton 

(1992), lowstand (unconformities) permits the widespread of dewatered and 

firm or cemented substrates, which further allows some trace fossils to be 

buried and preserved 

 

 

9.9 SUMMARY 

The startigraphic successions of the Pink fan are basically represented 

by the base, middle and upper part of the GMS cores. The base and upper 

portion of the GMS cores displays sandy lobe characteristics whereas the 

middle portion displays silty sandy distal lobe. The base portion of the GMS 

core exhibits Sm-Srx (Tc)-Sw stacking trend, the middle portion displays Sw-

SmG-Sl-Sw-Si-Sw (Ta-Tb-Td sequences) stacking and the upper portion 

shows Sm-Sl-Si-Mm (Tb-Td-Te sequences). Tb and Td sequences dominate 

the Pink fan sequences. 

Proximal turbidite deposits are proposed by the presence of Sm facies, 

Ta and Tb Bouma sequences and distal turbidite deposits are suggested by the 

presence of Tc, Td and Te Bouma sequences. Such successions suggest 

switching of lobes in the Pink fan as alternations of proximal and distal 

turbidite sequences were found overlying one another. 

Both biostratigraphy and trace fossils study display evidence of 

sediment deposited during lowstand systems tract (LST) due to the types of 

fossils and trace fossils found in the Pink fan. LST is normally associated with 

turbidite depositional environment.   
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CHAPTER 10 

SEISMIC FACIES ANALYSIS 

 

10.1 INTRODUCTION 

 Seismic facies study is a growing discipline in geosciences. Seismic 

studies are done through studies of seismic reflectance. Traditionally seismic 

reflectance is interpreted through mapping of geological structures. Seismic 

events could be traced over some distances with reasonable confidence, and 

could be interpreted as representing the same geologic horizon (Zimmerle, 

1995). 

 Seismic studies need to be calibrated with geological data, if this is not 

practiced then it is not possible to obtain precision when using seismic data. 

Therefore a seismic calibration tool has been developed to assist in identifying 

and fast development of new plays and prospects (Asyee, 1999).  

 Seismic facies analysis is a tool used to extend petroleum exploration 

activity seaward of heavily explored continental shelves around the world, 

which is essential for understanding the stratigraphic evolution of deeper water 

systems. A study of intraslope basins in the frontier deep water area of the 

Gulf of Mexico (Prather et al., 1998a) resulted in the recognition of number of 

seismic facies that are as follows: 

1. convergent facies, which is further subdivided into nine sub-facies; 

2. draping facies is further divided into two subfacies, that is those with 

low impedance or high impedence; and 
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3. chaotic facies, which is further subdivided into four sub-facies and is 

associated with slumping deposition (Tables 10.1, 10.2; Fig. 10.1). 

Jong and Abbott (2003) have done another recent study on seismic 

facies classification. It was used to reconstruct a detailed depositional 

environmental interpretation of northwest Borneo (Jong and Abbott, 2003). 

Seven seismic facies were recognized and they are fluvial plain (PDHL-

PCHL), upper delta plain (PCHL-PDHL), lower delta plain (PCH/Sig), delta 

front and slope turbidite (PCH/Obdhl), slope (Obdhl), proximal basin 

(PCL/PCH) and distal basin (PCL) (Fig. 10.2). This facies classification is 

quite broad in comparison to that of Prather et al. (1998a), which is more 

specific in characterisation.  

 Another method used for the interpretation of seismic signals in the 

framework of seismic stratigraphy involves automated detection of 

terminations in an unguided manner without prior interpretation (Randen et 

al., unpublished). Randen et al. (unpublished) then suggest using manual 

seismic facies analysis using termination criteria in order to identify essential 

seismic sequence boundaries. Some of the common termination types are 

toplap, truncation, onlap and downlap (Fig. 10.3). Toplap and truncation are 

categorized as upper boundaries and onlap and downlap are categorized as 

lower boundaries. A few examples of this method have been applied to studies 

on the Farsund basin (North Sea), Gullfaks field (North Sea) and Wilkes Land 

(East Antarctica). 

 The continental rise off Wilkes Land, East Antarctica, discussed the 

lower rise (lower boundaries) and the upper rise (upper boundaries) that were 
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identified. Figure 10.4 identified an unconformity WL-U4 that marked a 

regional downlap surface onto underlying lower-amplitude plane parallel 

reflector packages (Donda et al., 2003), which is an example of the lower 

boundary.   

 Discussions on the seismic facies of the Pink, Kam and Kin fans and 

SF field are based on the three methods or facies classifications that were 

discussed above. However it is biased towards the Prather et al. (1998a) facies 

classifications. 

 

 

10.2 SF FIELD 

 As shown by Figure 10.5 the SF field is represented by SF-30 cores. 

The main seismic facies that were recognized are draping (D and E) and 

convergent-baselapping (Cbh) facies (Fig. 10.6). 

 The Cbh sub-facies is very obvious at the base of the canyon, which 

has similar properties to onlap termination (Fig. 10.3). As described by Prather 

et al. (1998a), the environment of Cbh sub-facies is of basin floor and slope 

submarine fan complexes, which could be a canyon. The presences of draping 

(D and E) facies suggest a possibility of convergence of several interslope 

basins e (Fig. 10.6). 

 

 

 

 

   141



                                                       CHAPTER 10 – SEISMIC FACIES ANALYSIS 

10.3 KIN FAN 

 The KBB2 and KBB3 fields represent the Kin fan. The KBB2 field 

seismic section (Figs 10.7, 10.8) is characterised by convergent-thinning (Cth 

and Ctl) and draping (E and D) facies. The top and base of Kin horizon falls 

within lower TB 3.1, which is approximately between 9.5 to 10.6 Ma (Grant, 

2004). KBB3 field seismic section (Figs 10.9, 10.10) is typified by 

convergent-baselapping (Cbh), convergent-thinning (Cth) and draping (E and 

D) facies. The Cbh sub-facies has comparable characteristics to the onlap 

termination.  

 Draping (D and E) facies are exceedingly constant from a single 

wavelet to a set of wavelets consisting of several peaks and troughs that drape 

palaeotopography (Prather et al., 1998a). The D sub-facies is similar to Ctl 

sub-facies but the main difference is that D sub-facies does not display 

convergence features and is usually identified in deeper fill sucessions (Table 

10.1). E sub-facies is commonly found in intraslope basins especially in 

shallow basin-fill successions based on Prather et al. (1998a). 

 

 

10.4 KAM FAN 

 The GMS field seismic section (Figs 10.11, 10.12, 10.13), which 

penetrates the Kam fan displays convergent-baselapping (Cbh), convergent-

thinning (Cth) and possibly chaotic (Bh?) sub-facies (Fig. 10.13). Facies Bh is 

characterised by wavy or chaotic reflections and indicates presence of sand 
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bodies, which have the characteristics of a turbidite feeder channel system 

(Prather et al., 1998a) and the sand is normally amalgamated. 

The KME field seismic section (Fig. 10.14) and KMEUC field seismic 

section (Fig. 10.15) demonstrate that convergent-baselapping and convergent-

thinning facies dominates the fields. KME field is characterised by Cbh, Cth 

and Ctl sub-facies (Fig. 10.16; Table 10.1) and KMEUC field is characterised 

by the identification of Cbh, Cbl, Cth and Ctl sub-facies (Fig. 10.17; Table 

10.1). The convergent-baselapping and convergent-thinning facies have 

similar properties and characteristics to the Pink fan. All the fields show Cbh 

and Cbl sub-facies with similar characteristics to onlap termination (Fig. 10.3). 

Overall the top and base of Kam horizon falls within upper TB 3.1 (Grant, 

2004), which is between 8.5 to 9.5 Ma. 

 

 

10.5 PINK FAN 

 Seismic reflectance of the GMS field is rather poor. Some of the 

reflectance shows discontinuity. Figure 10.11 shows that the dominant facies 

of the GMS field, which represents the Pink fan, is the convergent facies. 

According to Grant (2004), the pink top horizon falls within lower TB 3.2, 

which is approximately 8.5 Ma. 

 The types of convergent facies that were identified are convergent-

baselapping highly reflective (Cbh) sub-facies, convergent-thinning highly 

(Cth) and low (Ctl) reflective sub-facies (Figs 10.18, 10.19). The Cbh and Cth 

sub-facies are the most common facies that were recognized in the Pink fan.  
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 According to Prather et al. (1998a), convergent-baselapping highly 

reflective (Cbh) sub-facies is commonly found within intraslope basins, 

principally within deeper basin-fill successions with both sand sheets and 

leveed channels. Cbh is associated with interbeds of sandstones and 

mudstones or claystones. The Cbh sub-facies (Fig. 10.18) is similar to the 

onlap termination (Fig. 10.3). 

The convergent-thinning facies, which are the Cth and Ctl sub-facies, 

are also common features in the Pink fan. Convergent-thinning facies are 

associated with alternations of thin beds of sandstones within mudstones or 

claystones (Table 10.1), which are dominated by mudstones or claystones and 

have lower sand ratio in comparison to the convergent-baselapping facies. 

Convergent-thinning facies are associated with interchannel environments, 

which are dominated by overbank deposits from low-density turbidity flow 

locally related to leveed channels (Prather et al., 1998a).  

 

 

10.6 SUMMARY 

In the SF field (Fig. 10.6) and Kin fan (Figs 10.9, 10.10) the main 

seismic facies that were recognized are draping (D and E) and convergent-

baselapping (Cbh) facies, which are associated with basin floor and slope 

submarine fan complexes.  

The Kam is typified by Cbh, Cth and Ctl sub-facies. Convergent-

thinning facies, which are the Cth and Ctl sub-facies are also common features 

in the Pink fan. Both Kam and Pink fans display characteristics of interbedded 
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sandstone and mudstone associated with sand sheets, distal turbidite and fine-

grained suspension deposits. Generally Kin, Kam and Pink fans display 

characteristics of switching of lobes. 
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CHAPTER 11 

DISCUSSION 

 

11.1 DEPOSITIONAL MODEL 

11.1.1 Sequence Stratigraphy 

Depositional systems or models in sequence stratigraphy that have 

specific environment settings are known as systems tracts. There are four 

categories: 

1. highstand systems tract (HST); 

2. lowstand systems tract (LST); 

3. shelf margin systems tract (SST); and  

4. trangressive systems tract (TST).  

The highstand systems tract (HST) generally consists of aggradational to 

progradational sets and represents the sediment deposited between the 

maximum rate of relative sea level rise and maximum relative sea level (Coe 

and Church, 2003).  

 A transgressive systems tract (TST) is bounded below by the 

transgressive surface and above by the downlap surface or maximum flooding 

surface (Wagoner, 1990). According to Galloway (1998) the TST records 

accommodation dominated deposition during a phase of decreasing sediment 

supply or relative rise in sea level. These depositional systems include a 

retrogradational slope apron, transgressive shelf, transgressive shore-zone, 

destructional delta and aggradational fluvial coastal plain. 
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 Various geologists have suggested a number of sequence stratigraphic 

models for turbidite systems or submarine fans. According to Stelting et al. 

(2000), sediments in deepwater depositional systems are transported 

downslope into the basin by sediment gravity flows. Other authors such as 

Bouma et al. (1989) and Shanmugan (1982) suggested that most turbidite 

sediments are transported and deposited during lowstands and the initial rise 

of relative sea level. Such sediments, according to Posamentier et al. (1991) 

are considered to have the highest sand-to-mud ratio. Lowstand fans are 

deposited during intervals characterised by falling relative sea level whereas 

the lowstand wedge is deposited during subsequent slow relative sea-level rise 

(Posamentier et al., 1991). 

 Turbidite systems that are deposited as a lowstand systems tract (LST) 

comprise three components (Bowen et al., 1994): basin-floor fan (responsible 

for 16% of oil and gas production), slope fan (responsible for up to 43% of oil 

and gas production) and prograding complex (responsible for approximately 

30% of oil and gas production). For example the Bredasdorp Basin, South 

Africa, produces mostly from the massive amalgamated sandstones of the 

basin-floor fans and channel sandstones (Bowen et al., 1994), whereas in the 

Gulf of Mexico oil and gas production is mainly from the slope fan (Pacht et 

al., 1992). According to Posamentier et al. (1991), slope fans and prograding 

complexes are categorized under lowstand wedge while basin-floor fans are 

categorized under lowstand fan (Fig. 11.1); it was also noted that the lowstand 

fan is more sand prone and underlies the younger lowstand wedge. 
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 Lowstand fan or basin-floor fans are characterised by thick-bedded 

sandstone lithofacies (mid lobe) and thin-bedded sandstone / siltstone 

lithofacies (lobe fringe) and can be observed in the coastal section from near 

Awakino, north and south of Tongaporutu, New Zealand (Browne et al., 

2000). The basin-floor fan succession consists of a series of fining upward 

cycles and mainly consists of thick-bedded sandstone, thin-bedded sandstone 

and siltstone, and siltstone (Browne et al., 2000; Table 11.1). Browne et al. 

(2000) also discussed the slope fan characteristics of Mount Messenger 

Formation, New Zealand, that consist of invariably thin-bedded sandstone 

showing scours and well-developed sedimentary structures indicative of 

turbidity current flows forming channel-fills, vertical stacked successions and 

proximal and distal levees. 

Turbidite depositional systems that were referred to the LST are 

divided into three types, which are Type I, II and III (Fig. 1.6). Type I is 

characterised by sand bodies or lobes displaying lateral continuity. They form 

as sea level decreases and large volumes of delta front and slope sediment 

becomes unstable and generates turbidity currents through retroregressive 

slope failure. Type II depositional systems formed as the volume of turbidity 

currents slowly decreased due to (a) rising of sea level and (b) smaller slope 

failures. They commonly accumulated at the distal ends of distributary 

channels and small lobes. Type III depositional systems are characterised by 

mud deposition on the fan surface due to continuous rise of sea level that traps 

coarser sediment in the near-shore zone. 
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11.1.1.1 Outcrop Sequence Stratigraphy 

 The outcrop stratigraphy (Fig. 11.2) shows evidence of sediment being 

deposited during a lowstand systems tract (LST) and the outcrops can also be 

classified as a type II turbidite depositional system. The outcrop stratigraphy 

displays construction during a relative lowering of sea level, which resulted in 

an incised valley (Fig. 11.3). Due to the slow decrease in sea level, prograding 

shelf sediment had shifted and accumulated near the shelf edge causing the 

sediment to be unstable. This causes slumping of shelf edge sediments 

producing debris flows or turbidity currents. An active supply of sandy 

sediments occurs during sea level falls (LST). 

Generally all the outcrop successions display thinning or thickening 

upward sequences in the fan deposits and according to Mutti (1978) these are 

evidence of fan progradation, which is similar to the Tanqua-Karoo Basin, 

South Africa (Rozman, 2000). The outcrop successions display no uniformity 

in the thinning or the thickening of the sandstone beds that are observed in 

most part of the outcrop areas.  

 

11.1.1.2 SF Sequence Stratigraphy 

The SF stratigraphic succession also illustrates evidence of sediment 

being deposited during the lowstand systems tract (LST), possibly during 

transgression of the marine sediment (Fig. 11.4). The SF stratigraphy exhibits 

construction during a relative lowering of sea level in a canyon and is most 

likely influenced by tectonic activity that initiated the development of a 

lowstand wedge. The SF sediment consists of medium- to fine-grained clastic 
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slope deposits, which suggests it formed in the middle part of the fan in a more 

proximal setting. 

 The chaotic sandstone sequences that are observed in the whole 

succession of the SF cores suggest two possible modes of deposition, that is: 

1) the chaotic sandstone sequence has been contorted due to variation in the 

volume and rate of turbidity current movement of sediment down slope 

producing scour features, and tectonic activity which causes chaotic 

deformation of the sediments; and 2) convolute bedding due to deformation of 

soft sediments. Similar to the outcrop successions, the SF successions display 

thinning or thickening upward sequence deposits. 

 

11.1.1.3 Deep Water Sequence Stratigraphy 

The deep water stratigraphy is assigned to lowstand systems tract 

deposits (LST; Figs. 11.5, 11.6, 11.7, 11.8) within a subduction complex 

resulting in type II depositional systems. The deep water sequence stratigraphy 

displays construction during a relative lowering of sea level via several point 

source feeder systems from a sand-rich provenance. The deep water sediment 

consists of fine-grained clastic and mudstone deposits, which suggests it 

formed in middle or distal setting of the fan.  

 The middle fan basically displays sandy lobes consisting of suspension 

sediment and traction current deposits with multiple flows. The distal setting 

of the deep water fans comprise distal sedimentation which is represented by 

mudstone sequences. Alternating of middle and distal fan sedimentation 
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suggest interchannel environment that is switching between active and 

abandoned lobes.  

 

11.1.2 Submarine Fan Model 

 Submarine fans can be divided into three parts that is upper, middle 

and lower fan portions (Fig. 11.9). The requirements for the formation of 

submarine fans are: (1) a major source of sediments, whether from a large 

river system eroding the continental area, volcanic islands, carbonate banks, or 

littoral drift sediment captured by submarine canyon heads; (2) submarine 

canyon systems to funnel sediments to the deeper environment; and (3) a 

decrease in bottom slope at the lower end of the canyon, leading to fan 

deposition at that point (Nelson et al., 1973).  

The upper fan is characterised by complex and diverse sediment and 

within this area the fan valley may include meandering channels, terraces and 

levees (Davis, 1992). According to Howell and Normark (1982), the natural 

levees and interchannel areas are dominated by thin-bedded turbidites that 

represent the upper portions of the Bouma sequence with ripple cross-strata 

and overlying mud being the sediment accumulated (Davis, 1992).  

 The middle fan or suprafan lobes are broad, subdued, overlapping 

bulges of sandy sediment that moved down the channels of the upper fan 

(McLane, 1995). According to Davis (1992), the nature of the suprafan is 

equivalent to a braided stream system with pebbly sandstone expected to 

accumulate upstream from massive sandstone beds. Complete Bouma Ta-Te 

sequences are mostly found in the middle fan deposits (Nelson et al., 1974).  
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The lower fan is characterised by coarse- and fine-grained laterally 

persistent turbidite beds and typically consists of muddy turbidites (McLane, 

1995). Bouma sequences Tb-Te are common in channels, whereas Tc-Te units 

are common in interchannel areas (Nelson et al., 1974). 

 

11.1.2.1 Outcrop Depositional Model 

The base of the sand-rich stratigraphic successions (Fig. 5.1) of the 

outcrop consists of pebbly sandstones and massive amalgamated sandstones 

beds, which consist of poorly to moderately sorted grains and the presence of 

an erosional base. These features suggest a turbidite wedge of the LST, which 

displays high-density turbidite flows and is similar to the upper Gosford 

turbidite wedge of Bakersfield Arch, California (Hewlett et al., 1994). These 

characteristics are usually found deposited at base of slope or basin wedge and 

more towards the proximal lobe setting of the middle part of the submarine 

fan. 

 Generally the middle section of the sand-rich stratigraphic successions 

contain sand-rich units that display alternating thinly bedded sandstone and 

mudstone with some laminated and graded sandstone beds. These 

characteristics are normally found in the basal and distal/wedge and are 

similarly displayed by the Bellevue LST, California (Hewlett et al., 1994). 

The middle part of the fan consists principally of alternating thinly bedded 

sandstone and mudstone that, according to Hewlett et al. (1994), would create 

interwedge permeability barriers. The middle part is basically deposited in the 

distal silt-mud lobe environment. 
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 The upper part of the sand-rich stratigraphic successions mainly 

consists of alternating sandstone and mudstone beds with occasionally 

massive and graded sandstone beds. Due to the nature of the sandstones beds, 

which are thicker than the mudstone beds, these properties strongly suggest 

silty sandy distal lobe and sandy lobe environments. These characteristics 

suggest switching of turbidite lobes during a LST.  

 It is noted that between the base, middle and upper part of the sand-

rich stratigraphic successions are mudstone beds, which display distal mud 

lobe characteristics. These further support switching between the active and 

abandoned lobes in the middle part of a submarine fan that occurs during a 

LST (Fig. 11.10). 

 

11.1.2.2 SF Depositional Model 

 The SF area of study is located approximately 50 km northwest of 

Kota Kinabalu, which is in the northern part of the northwest Borneo basin. 

The whole SF succession basically displays a sand-filled canyon feeding the 

middle fan or suprafan. The shallow marine area of study is situated parallel to 

the northwest Borneo trough in an extensively faulted and uplifted area caused 

by tectonic activity.   

 The SF sandstone composition is similar to the outcrop sandstone but 

less lithic. This suggests that the source of the SF sediment may have been the 

outcropping Crocker Formation and these sediments infilled the eroded valley 

of a canyon which fed into a SF fan system. The chaotic nature of the 
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sandstone further suggests active tectonic (convoluted sequences) and 

biogenic (bioturbated sequences) activity. 

 Tb to Tc and Te Bouma sequences are common features in the SF 

successions. Ta and Td sequences are less common. Generally the whole 

succession in the SF field displays thinning and fining upwards sequences 

with erosive bases. The sandstones normally grade upwards into mudstones 

and trace fossils are common in the Tc and Tb sequences.  

 

11.1.2.3 Deep Water Depositional Models 

 Generally the Kin and Kam fans are positioned about 75 km and 100 

km west of Kota Kinabalu in the northwestern part of the northwest Borneo 

basin (Figs. 11.11, 11.12). However, part of the Kam fan sand sequence is also 

observed in the Pink fan area. The Pink fan is located approximately 200 km 

southwest of Kota Kinabalu, which is on the western side of the northwest 

Borneo basin. These deep water fans are also located in an extensively faulted 

area, like the shallow marine study area, with most faults trending northeast to 

southwest (Hutchison, 1996). According to Grant (2004), these fans originate 

from multiple entry points along a linear ramp margin. 

 

Kin Fan 

 In general the base of the stratigraphic succession of the sand-rich unit 

comprises chiefly massive sandstone with some graded beds (Fig. 5.1). These 

stratigraphic successions exhibit a proximal lobe setting in the middle fan 
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environment. The proximal lobe basically consists of amalgamated sand 

bodies. 

 The middle part of the stratigraphic succession of the sand-rich unit 

consists of alternating thinly bedded sandstone and mudstone suggesting, a 

silty sandy distal lobe environment. The upper part of the stratigraphic 

succession of the sand-rich unit contains massive and amalgamated sandstone 

beds, which a display proximal lobe environment. 

 The whole successions of the Kin fan displays alternating thick and 

thin sandstone sequences, displaying horizontal sheet like deposits. KBB2 

well displays more distal turbidite characteristics than the KBB3 well, which 

displays a more proximal turbidte setting in the middle fan. These alternations 

suggest switching between proximal and distal lobe positions. The Kin fan 

also demonstrates characteristics of multiple flows of different intensity, 

further suggesting a migrating channel or a braided channel type deposited in a 

middle fan position within a basin floor fan.  

 

Kam Fan 

 The base of the stratigraphic succession of the sand-rich unit mainly 

consists of wispy sandstones with mud clasts and/or bioturbation with some 

laminated sandstones and alternations of sandstone and mudstone (Fig. 5.1). 

The presence of mud clasts suggests suspension sedimentation of a high-

density flow whereas the laminated sandstone implies sedimentation during 

low-density flows. These characteristics suggest sandy and silty sandy distal 

lobe environments. 
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 The middle part of the stratigraphic succession of the sand-rich unit is 

dominated by alternating sandstone and mudstone plus laminated sandstone 

beds, with some of the sandstones beds being massive. The lithology 

properties propose silty sandy distal and sandy lobe environments. 

 The upper part of the stratigraphic succession of the sand-rich unit 

primarily consists of wispy sandstone beds and alternations of sandstone and 

mudstone; some sandstone beds are laminated or massive. These 

characteristics imply a sandy lobe deposition environment. 

 Generally the whole succession of the Kam fan demonstrates common 

Tb to Td Bouma sequences with less prevalent Ta and Te Bouma units. The 

whole succession also displays sand rich sequences of thinning and fining 

upward cycles whereby the sandstones grade upward into mudstone. These 

characteristics suggest base of slope deposition, and switching between lobes 

is characterised by the alternate sequences of sandstone and mudstone. 

 

Pink Fan 

 The base of the stratigraphic succession of the sand-rich unit 

principally comprises massive sandstone, with some sandstone beds 

containing wispy carbonaceous material, mud clasts and/or bioturbation. 

These features suggest a sandy lobe environment (Fig. 5.1). 

 The middle part of the stratigraphic succession of the sand-rich unit 

chiefly consists of alternating sandstone and mudstone plus laminated 

sandstone beds, with some wispy, bioturbated, graded or massive sandstone 
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beds. These characteristics recommend a silty sandy distal lobe deposition 

environment. 

 The upper part of the stratigraphic succession of the sand-rich unit 

mainly consists of laminated sandstones and alternations of sandstone and 

mudstone. Some sandstone beds are bioturbated, contain mud clasts, wispy 

carbonaceous materials and/or are massive. These properties indicate a sandy 

lobe environment of deposition.  

 In general the Pink fan is sand-rich with fine- to very fine-grained 

sandstones that are moderately to well sorted. The sandy lobes basically 

display proximal turbidite deposition in the lower fan. The most prevalent 

Bouma units identified are Tb and Td, with less common Ta and Tc. 

 

11.1.2.4 Trench Submarine Model 

 Trench features are associated with deep, constricted and elongated 

depressions on the sea floor due to tectonic activities. The northwest Borneo 

Basin is situated within a complex subduction or accretion area. A major 

trough runs from north to south within the northwest Borneo Basin. According 

to Tongkul (1987), the compressional force runs in a northwest to southeast 

direction. The compressional force caused the formation of fold thrusts, uplift 

or subduction of some parts of the basin. The nature of the trench deposits 

depends on the interface between the rate of plate convergence and sediment 

supply (Fig. 11.13). 

 The northwest Borneo basin shows two different compressional forces 

due to separate tectonic events. The outcrop and SF areas display high 
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compression since folds and faults are present in these areas. The deep water 

area encountered less compression and occupies the southern part of the basin. 

The outcrop area is located above sea level and is extensively folded in some 

parts of the outcrops. The SF area is located approximately between 750 to 

1600 m below sea level in the basin also experienced tectonic events, which 

possibly contributed to the nature of the sediment deposited and the type of 

trace fossils identified. Most of the SF cores that contain trace fossils indicate 

a mixed but shallower environment that is more muddy with finer grained 

sediment deposits. The deep-water area shows less compression and is located 

approximately between 1600 to 3000 m below sea level.  

 The sediments that were supplied to the fan lobes possibly resulted 

from trenching of the continental slope. Turbidity currents that flowed from 

the continental slope to the trench increased in density, which caused further 

erosion at the base of the slope and suspension of the sediments. Basically 

wedges of turbidite sediments would have been deposited along the trench and 

into the basin floor to form the fan systems. The turbidite sediments display 

characteristics that indicate they were deposited by less channelised turbidite 

flows. This theory points out that the turbidite sands were deposited as sheet-

like units that prograde laterally fining and thinning away from the source area 

into lobes. Some of the sandstone sequences in all the study areas display 

single or amalgamated sandstones, which suggest non-channelised sandstone 

beds. However we must take precaution for the cored samples as it is often 

hard to distinguish the difference in grain size; therefore, the sandstones could 
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be amalgamated or consists of several thin beds of sandstone due to multiple 

flows. 

 Stratigraphic correlation of the logs displays a general coarsening 

upward sequence with upward thinning and thickening packages. The outcrop 

vertical stratigraphy characterised proximal turbidite deposits from the middle 

part of a fan with a coarsening and thickening upward sequence. Due to 

further tectonic deformation the outcrop fan sands were eroded and moved 

downslope through a canyon forming the SF fan. The unstable tubidite 

sediments then erode down the canyon slope and produced a chaotic and 

stressed deposition, which reflects the unstable nature of the sediments on the 

canyon slope. The SF sandstones are finer grained compared to the outcrop 

sandstones. Vertically the sandstone displays thickening and fining upward 

sequence.  

 The deep water area of study consists of three fans. The source of the 

turbidite sediments is from one source. The three fans are found overlapping 

one another, which could be due to switching of the lobes of a major fan or 

successive LST fan wedges. 

  

11.1.2.5 Abyssal Cone Submarine Model 

 The abyssal cone fans are also known as deep sea fans and frequently 

extend for hundreds or even thousands of kilometres as a continuation of deep 

sea fan systems (Nelson et al., 1973). The abyssal cone fans are developed 

from channel flow that has migrated laterally through time from the 

continental slope and canyon walls into the basin floor of the deep water area 
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(Fig. 11.14). The coarser sediments are found deposited mostly on the 

continental slope while the finer sediments are deposited away from the 

channel into the outer part of the fan. The upper part of the fan is where the 

channelised flows are situated and the distributary channels are located in the 

middle and lower part of the fan. 

 Distributary channels and lateral migration of the sediments mainly 

form the abyssal cone fans. Several lobes of sediments are formed at the front 

of the distributary channels. Therefore these lobes of sand are found 

overlapping each other and are discontinuous. The hemipelagic (mudstone) 

deposits are also found spread laterally away from the continental slope and 

usually indicate abandoned lobes. The switching and overlapping of the sandy 

lobes (active lobes) and mudstone commonly occurs in the abyssal cone fans.  

 It is postulated that fan growth during episodes of turbidite deposition 

is localised in the middle fan distributaries at the end of a main active channel 

(Normark, 1970a). The outcrop, SF and deep water fans are located in the 

middle part of the fans. This is suggested because of certain characteristics 

that are shown by all three areas, which are the turbidites are relatively 

discontinuous, show laterally migration of the sediments and also display 

progradation of depositional lobes.  

The outcrop sequences suggest a more proximal turbidite deposition 

located in the middle part of the fan below the continental slope. As the 

turbidite sediments prograde down through the canyon into the SF area, 

another fan is formed and the SF study area is located in the middle part of the 

fan. The SF sequences display frequent Tb to Tc and Te and less prevalent Ta 
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and Td Bouma sequences. Further down-slope into the deep water area of 

study lays three different fans that are Kin, Kam and Pink fans. The Kin fan 

exhibits distal turbidite deposits, with occasional hemipelagic (mudstone) 

deposits. The Kam and Pink fans demonstrate proximal to distal turbidite 

deposits with irregular hemipelagic (mudstone) deposits. The Kam and Pink 

fans also demonstrate common Tb to Td Bouma sequences with less prevalent 

Ta and Te sequences. 

. The alternations between the sandy sequences and mudstone in all the 

study areas suggest that the hemipelagic (mudstone) deposits are enveloped by 

sandy sheets. This is due to intense turbidity current regimes when the 

suprafan (middle fan) growth is prograding down the fan and coarsening 

upward sequences should be developed in interchannel regions (Nelson et al., 

1973). 

 

 

11.2 SOURCE OF TURBIDITE 

11.2.1 Introduction 

 The most common heavy minerals that were identified in the Kin, Kam 

and Pink fans and shallow marine area are zircon and tourmaline (Table 11.2). 

Chlorite, rutile and garnet are quite commonly found and some hornblende 

and biotite. Very rare sillimanite, staurolite, epidote, glauconite and spinel 

were identified in all the areas.  

 Zircon is a common accessory mineral of igneous rocks, particularly in 

the plutonic rocks, which are relatively rich in sodium (Deer, 1992), although 
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it does occur in certain metamorphic rocks (Rothwell, 1989). Deer (1992) also 

emphasized that it is a common accessory mineral in many sediments and 

often survived more than one cycle of sedimentation and weathering. 

Tourmaline normally indicates an acid igneous (example granite pegmatites) 

source (Rothwell, 1989). The tourmalines that were identified in all the 

samples are the brown-yellow variety, which is present in metamorphic rocks.  

Chlorite is a very common mineral especially in low- to moderate-

grade metamorphic rocks, a common constituent of igneous rocks and a 

common product of weathering (Deer, 1992). In the pelitic rocks chlorites are 

found with biotite, garnet, staurolite, andalusite, muscovite, chloritoid and 

cordierite and in mafic rocks it is found with talc, serpentine, actinolite, 

hornblende, epidote and garnet (Nesse, 1986). According to Nesse (1986), 

chlorites are common detrital mineral in clastic sediments.  

Rutile is widely distributed and is known as an accessory mineral 

found in some igneous (plutonic) and metamorphic rocks. Like zircon, it is 

durable and a common component from arenaceous sediments (Rothwell, 

1989).  

Garnet is especially characteristic of metamorphic rocks of a variety of 

types and is also found in some granites and pegmatites, acid volcanic rocks 

and kimberlites (Deer, 1993). Two types of garnets were identified and they 

are almandine and andradite. Almandine is common in most mica schists and 

gneisses and some in pegmatites, granite and felsic volcanic rocks (Nesse, 

1986). According to Nesse (1986), andradite is found in skarn and other 

metamorphosed carbonate-bearing rocks. 
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 Hornblende is part of the amphibole group. Hornblende is widely 

distributed in a variety of igneous and metamorphic rocks, but is normally a 

characteristic mineral of intermediate plutonic rocks but is also found in 

ultramafic rocks (Deer, 1993). Hornblende is a common mineral of medium- 

to high-grade metamorphic terranes in amphibolite, hornblende gneiss or other 

schists and gneisses (Nesse, 1986). 

 Biotite is commonly found in a variety of igneous and metamorphic 

rocks. It is found in intrusive igneous rocks and is common in granites and 

granite pegmatites, granodiorites, tonalities, diorites, norites, quartz and 

nepheline-syenites and quartz-monzonites (Deer, 1993). 

 Sillimanite indicates a high-grade metamorphic source (Rothwell, 

1989) and derived from the breakdown of muscovite and biotite but it could be 

by staurolite and quartz (Deer, 1993). Staurolite also indicates high-grade 

metamorphic source and is commonly associated with sillimanite, garnet and 

kyanite in metamorphic rocks and also as detrital sediments (Rothwell, 1989). 

 Epidote is found in a variety of metamorphic and igneous rocks. 

Detrital epidote is usually indicative of erosion of regionally metamorphic 

terrains (Rothwell, 1989). Glauconite is a mica mineral and is mostly 

weathered. Glauconite suggests a source of an open marine waters. nearby 

continental shores and the presence of biological activity, which is transported 

into the deep sea by turbidity currents and other gravity flows (Rothwell, 

1989). Spinel is commonly found in a high-temperature mineral in 

metamorphic rocks and is associated with andalusite, kyanite, sillimanite, 

corundum, cordierite or orthopyroxene (Nesse, 1986). 
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11.2.2 Discussion 

 Zircon (47.8 to 64.1 %) and tourmaline (20.3 to 35.3 %) are the most 

common heavy minerals that were identified in all the deepwater and SF areas 

(Table 11.2). Kin fan displays higher amounts of rutile, biotite and garnet 

compared to Kam and Pink fan and the SF area.  

 The outcrop locations consist of subarkose, which is from a 

sedimentary source. Petrology studies show that more than 75 % of the 

minerals are quartz (mostly monoquartz) and contains approximately 20 % or 

more of feldspar grains. The mineral grains are mostly angular to subangular. 

The most likely provenance is located within continental masses, which may 

be bordered on one side by a passive continental margin and on the other by 

an orogenic belt or zone of plate convergence (Boggs, 2001). Continental 

block provenance has similar source to the subarkose sandstone source as 

mentioned above. Sediment eroded from these sources principally consists of 

quartzose sand, feldspars with high ratios of potassium to plagioclase feldspar, 

metamorphic and sedimentary rock fragments (Boggs, 2001).  

 The SF area and the Kin fan display sublitharenite sandstones with 

high content of quartz (between 75 and 95 %) and common lithic fragments 

(between 1 and 48 %) namely shale, brittle and ductile metamorphic rock. 

This suggests that the sources of these sublitharenite sandstones are quartz-

rich source with abundant amount of lithic fragments. 

 The Kam fan displays a transition between sublitharenite to 

quartzarenite sandstone type. This suggests that abrasion and weathering of 
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the lithic rock fragments occurs as they are transported farther down the fan. 

The Kam fan heavy mineral analysis results chiefly consist of zircon and 

tourmaline with minor constituents of chlorite, rutile, garnet, biotite and very 

rare or traces of hornblende, epidote, spinel, sillimanite, staurolite and 

glauconite. 

 The Pink fan consists of quartzarenite sandstones where more than 

95% of the minerals are quartz. According to Raymond (1995), pure quartz 

sands may develop from (1) extensive working of sediment from a quartz-

bearing source terrane, (2) reworking of previously well-sorted, mature sands, 

(3) deep weathering of quartz-bearing rocks in the source terrane, or (4) a 

combination of these processes. The Pink fan quartzarenite sandstones most 

probably are formed by extensive working and deep weathering of quartz-

bearing rocks in the source terrane. Heavy minerals present in quartzarenite 

sandstones are commonly very stable types such as tourmaline and zircon 

(Krumbein and Sloss, 1963). The Pink fan heavy mineral analysis results are 

dominated by zircon (58.3 %) and tourmaline (33.5 %) with minor 

constituents of chlorite (2.8 %) and very rare garnet (1 %), spinel (1 %) and 

also traces of glauconite and hornblende. The sandstone represents stable 

conditions of sedimentation, with very mild subsidence during accumulation 

and with considerable transport and winnowing action before final 

accumulation (Krumbein and Sloss, 1963). 
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11.3 BASIN EVOLUTION  

 Borneo Island is surrounded by sedimentary basins, largely filled in the 

past 25 Ma, which are unusually deep (Hall et al., 2002). The northern part of 

Sabah consists of sedimentary and igneous rocks (Early Cretaceous to 

Pliocene; Tongkul, 1994) and has experienced three major episodes of 

deformation with NW-SE and N-S oriented compressions, which formed an 

elongate basin trending NE-SW. Tongkul (1994) further suggested that the 

elongate basin became the site for the deposition of middle Eocene to Early 

Miocene quartzose sediments of the Crocker and Kudat Formations. Generally 

the Crocker Formation consists of thick successions of proximal lobe turbidite 

deposits of the middle fan. The three episodes of deformation were related to 

differential southward movements of continental blocks separated from the 

southern margin of China during the intermittent opening of the South China 

Sea sub-basins (Tongkul, 1994).  

 The basin evolution of NW Borneo is influenced by plate margin 

behaviours, plate-tectonic setting (reconstructions) and climate. As was 

mentioned earlier, NW Borneo margin would have been oriented NW-SE 

(Tongkul, 1994) suggesting that much of the Paleogene sediment in north 

Borneo was fed southwards across the Sunda Shelf from Indochina 

(Hutchinson et al., 2000). NW Borneo basin is strongly influenced by the 

Sunda Shelf, Sulu Sea and mainly by South China Sea with some influence 

from the Makassar Strait – Celebes Sea. Intensive plate collision plays a major 

part in the basin evolution. The Sulu Sea is contemplated to have opened as a 

backarc basin during Early Miocene (Hinz et al., 1991) and the northern part 
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collided with the south China margin, which caused subduction forming a 

deep marine basin to the NE of Borneo (Hall et al., 2002). The area north of 

Borneo consists of thinned continental crust of the Indochina and South China 

Sea margin, which, during the Paleogene was separated from north Borneo by 

the proto-South China Sea ocean crust (Hall et al., 2002). During the 

Paleogene, much of the north Borneo margin was an active margin with 

subduction beneath NE Borneo (Hall et al., 2002) and the subduction 

continued in Sabah throughout the Oligocene (Hamilton, 1979). In the Late 

Oligocene a deep marine basin remained to the north of Borneo containing 

thick turbidite successions and a large accretionary complex on the south side 

of the basin (Hall et al., 2002). 

 The northern Borneo basement consists of ophiolitic rocks, mainly of 

Cretaceous age but with possible older crust indicated by K – Ar ages of 

igneous and metamorphic rocks (Hall et al., 2000). In the early to late 

Miocene there was uplift. From the south to north (Indochina to Sunda Shelf) 

represented by the Crocker Formation sequences as the thinned passive margin 

of South China underthrust north Borneo (Hall et al., 2000, Fig. 11). SF 

sediments were deposited unconformably on the older accretionary complex 

rocks due to subduction and collision of the plates, mountains or highlands are 

formed, which caused changes in climate, topography, habitat and 

sedimentation. Borneo Island has humid and tropical climate erosion and 

weathering of sediment is high and could account for the presence of 

litharenite sandstones.  
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11.4 TURBIDITE PALAEOENVIRONMENT 

11.4.1 Outcrop 

 The turbidite successions of the outcrop locations are deposited as a 

submarine fan, probably an abyssal cone turbidite fan. Basically, the 

sandstones are predominantly fine-grained with occasionally pebbly sandstone 

successions. The outcrop locations are dominated by sandstone successions 

with common interbeds of sandstone and mudstone. Bouma sequences Ta to 

Te are found in the outcrops; however successions containing complete 

sequences of Ta to Te sequences are not common. Interbeds of sandstone and 

mudstones are found throughout the outcrop locations. They are commonly 

found in the middle and upper part of the outcrop sand-rich successions. The 

sandstone sequences display normal and reverse grading with some coarse-tail 

graded beds. These sandstone sequences are normally found overlying 

mudstone sequences. These types of successions suggest switching of fan 

lobes between an active (sandstone sequence) and inactive (mudstone 

sequence) lobes. The graded sandstone sequences suggest progradation from 

the upper to middle parts of the fan systems (proximal part of the fan). 

Progradation of the fan also could be influenced by a change of sea level from 

high to low. Turbidite deposits are normally deposited during the lowstand 

systems tract period.  

The presence of drag or groove marks, flute marks, scoured bases and 

erosional surfaces are common beneath turbidite deposits. Most of the drag, 

scour and flute marks display northwest trends but some show southwest or 

northeast trends (between 320 and 070 degrees). The palaeocurrent directions 
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obviously display a fanning out direction that is northwest to northeast. These 

characteristics strongly propose progradational processes in the fan lobes, 

active lateral migration of the lobes and switching between active and inactive 

lobes. 

The presence of Paleodictyon, Spirorhaphe and Cosmorhaphe 

(Nereites ichnofacies) indicate turbidite events and deep water environments. 

Other trace fossils identified are Planolites, Asteriacites and Thalassinoides 

(all Cruziana ichnofacies) which suggest a nearshore marine environment but 

they are also commonly found in deep water environments. The Cruziana 

ichnofacies is most characteristic of subtidal, poorly sorted and unconsolidated 

substrates (Pemberton et al., 1998). 

 

11.4.2 SF 

 The turbidite successions of the SF are deposited as a slope channel fill 

in the middle part of a submarine canyon fan. Principally, the sandstones are 

predominantly fine- to medium-grained with some coarse-grained sandstone 

successions. The SF successions are dominated by wispy and chaotic 

sandstone sequences. Bouma sequences Ta to Te are found in the outcrops, 

however successions consisting of entire sequences of Ta to Te sequences are 

not common. The chaotic sandstone and mudstone sequences are commonly 

found containing trace fossils. 

 This chaotic sandstone and mudstone sequence could be formed due 

to: (1) the nature of the sediments that have been transported and deposited; 

and/or (2) the sediments that were deposited are highly bioturbated. Firstly, 
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the convolute nature of the sediments that have been transported and deposited 

possibly display a rapid down-slope or along-slope deposition or 

accumulation. This is a possible scenario for turbidite sediment deposition 

especially with the presence of mud clasts at the base of this sequence and 

convolute laminae, which are dominant in the successions. However, some of 

the convolute sequences contain trace fossils suggesting slower accumulation 

of sediments down-slope or along-slope, which allows the sediments to be 

highly bioturbated. It could be suggested that these sediments are not of 

turbidites but contourite deposits both of which occur in slope channel-fill 

environments and are usually found in the middle part of a submarine canyon 

fan. 

The fining upward succession trends shown by the overall core 

successions also suggest a slope channel fill in the middle part of the fan. 

Other characteristics that suggest middle fan turbidite deposits are the thinning 

up sequence of sandstone in the upper part of the succession, which also 

suggests that progradation processes occur in the lobes. 

The SF trace fossils indicate a calm environment, which is suggested 

by the presence of burrows such as Chondrites, Planolites, Teichichnus and 

Rosselia. These ichnofacies are categorized under the Cruziana ichnofacies. 

Cruziana ichnofacies are typically indicative of moderate energy levels in 

shallow waters below fair-weather wave base but above storm wave base, to 

low energy levels in deeper, quieter waters (Pemberton, 1998). However, they 

can also occur in deeper water Nereites ichnofacies. 
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11.4.3 Deep Water 

 The turbidite successions of the deep water fans (Kin, Kam and Pink 

fans) were deposited in the middle and lower parts of the submarine fan. 

Generally, the sandstones are predominantly fine-grained with occasionally 

very fine-grained sandstone. 

 The Kin fan is the oldest of the three fans. It is mainly located in the 

proximal part of the lobe in the middle part of the submarine fan. The overall 

succession of the Kin fan principally displays massive and amalgamated 

sandstone sequences (various thicknesses) with some graded and interbedded 

sandstone and mudstone sequences, mudstone and rare thin pebbly sandstone 

sequences. The base and top of the sandstone sequence is regularly sharp due 

to frequent Ta and Te stacked sequences, with trace fossils sparsely spread 

throughout the whole successions. This suggest there is lateral movement due 

to channel migration, switching of the lobes and is deposited on the basin floor 

located in the middle part of the submarine fan (proximal part of the lobes).  

 The Kam fan is the second oldest fan of the three fans. It chiefly 

consists of sandy lobes and silty sandy distal lobes with fine- to very fine-

grained sand. Wispy and laminated sandstone sequences are the most frequent 

lithofacies observed, which is equivalent to Tb and Tc sequences. Other 

common lithofacies are alternations of sandstone and mudstone, massive 

sandstone and mudstone. Sequences mostly displaying normal grading are 

well-developed throughout the whole successions. Trace fossils are rare 

throughout the whole successions. Active lateral lobe migration alternating 

with inactive lobe and progradational processes in the distal portion of the 
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middle part of a submarine fan most probably caused this type of stacking 

pattern. 

 The Pink fan is the youngest fan. Laminated (Tb) and wispy (Tc) 

sandstone sequences are the most common lithofacies observed. Other regular 

lithofacies observed are alternating sandstone and mudstone, graded 

sandstone, mudstone and rare massive sandstone sequences. Trace fossils are 

rare and sparsely spread throughout the succession. Basically the Pink fan 

displays sandy and silty sandy distal lobes. This type of stacking reflects 

switching of lobes in the distal part of the lobe in the lower part of a submarine 

fan. 

 The deep water trace fossils that were identified are mostly Nereites, 

Cosmorphape and Paleodictyon, signifying episodic turbidite events. The 

Nereites ichnofacies occurs in bathyal to abyssal quiet but oxygenated waters, 

commonly influenced by turbidity current (Pemberton, 1998). 

 

 

11.5 RESERVOIR POTENTIAL IN TURBIDITE SUCCESSIONS 

 Potential hydrocarbon reservoirs are rocks that have sufficient porosity 

and permeability to permit the accumulation of crude oil or natural gas under 

adequate trapping conditions (Zimmerle, 1995). The most common rock type 

for a hydrocarbon potential reservoir would be sandstone or carbonate. The 

study areas are composed of turbidite successions that form the reservoir rock 

type.  
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 The estimated total porosity for the SF turbidite successions are 

between 15.2 % and 27.2 % with an average of 22.4 %. The deep water 

turbidite successions demonstrate estimated total porosities for the three fans 

as follows: (1) Kin fan estimated total porosity ranges from 10.8 % to 23.3 % 

with a dominant range between 15.4 % and 20.3 %; (2) Kam fan estimated 

total porosity ranges from 13.4 % to 41.0 % with a dominant range between 

22.7 % and 37.0 %; and (3) Pink fan estimated total porosity ranges from 22.0 

% to 34.6 % with the dominant estimated total porosity of 27.6 %. The Kin fan 

turbidite successions display good estimated total porosity. The Kam and Pink 

fans both exhibit good to very good estimated total porosity for hydrocarbon 

reservoirs. 

 Permeability of sedimentary rocks varies greatly. Good porosity results 

do not mean that the sedimentary rocks would have good permeability. 

Permeability is the ability of a rock to transport gas or fluids. The permeability 

of the SF turbidite successions is between 3.3 and 1600mD, which is ranked 

fair to very good permeability. The deep water turbidite successions show 

permeabilities for the three fans as follows: (1) Kin fan permeability ranges 

from 0.2 to 420 mD; (2) Kam fan permeability ranges from 0.3 to 4582 mD; 

and (3) Pink fan permeability ranges from 1100 to 2000 mD. Kin and Kam 

fans permeability is ranked between poor and very good permeability and the 

Pink fan basically displays very good permeability. These permeability results 

are based on the core analysis of the Klinkenberg permeability. The deep 

water permeability results indicated that sediments with less than 1 mD are 
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very fine-grained, commonly mudstones or siltstones. The sandstone 

successions generally exhibit very good permeability. 

 The SF turbidite sandstones are classified as sublitharenite and are 

moderate to well sorted. The deep water turbidite sandstones are classified as 

sublitharenite and quartzarenite with moderate to well sorted grains, which 

displays the transition from the oldest fan to the youngest fan (Kin, Kam and 

Pink fans). Generally quartzarenites make good reservoirs, except when pores 

are filled with secondary silica or calcite (Zimmerle, 1995).  

The SF and deep water study area sandstones are poorly cemented and 

compacted. Incipient quartz overgrowths were identified in the SEM analysis. 

Quartz overgrowths and compaction increase with depth, which is consistent 

with the various depths of the cores of the SF and deep water areas. The 

degree of cementation is generally low in both these study areas where the 

grains are loosely cemented and are coated by clay minerals namely 

illite/muscovite, mixed-layer illite/smectite, kaolinite and chlorite, which 

contributes slightly to the pore reduction in the sandstones. Smectite and 

mixed-layer illite/smectites are present in very low percentages in all the study 

areas, and should not be a production problem. Smectite is a problem for 

production because it is very susceptible to water and swells and takes up the 

pore space, which would reduce the sandstone pore space and block pore 

throats. 

 The turbidite sandstone successions in these study areas exhibit a fair 

to good potential. The estimated total porosity percentage ranges from 10.8 % 

to 41.0 %, which ranks between fair to very good reservoir. However, most of 
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the estimated total porosities fall between 15 % and 25 % that represents good 

reservoir. Permeability results mostly display good to very good permeability, 

which is more than 10 mD. The sandstones are classified as sublitharenite and 

quartzarenite displaying potential good reservoirs. The degree of diagenesis is 

very low in the successions, which further contributes to a potentially good 

reservoir.  

The turbidite sandstones display high porosity and permeability in 

some of the thin sandstone sequences, which further show lateral continuity. 

Therefore, the turbidite successions (sandstone sequences) are potentially 

good reservoir for exploration and production. 

 Mudstone sequences in the turbidite successions are potential source 

rocks and seals for potential hydrocarbon reservoirs and greatly influence its 

performance. Mudstone can be a potential source rock because most organic 

matter is deposited in mudstone. This organic matter forms hydrocarbon, 

which further forms oil or gas depending on its nature of origin and burial. 

The organic matter could possibly be transported from the continental and 

shallow marine areas into the deep water, which is a similar case to Kutei 

Basin of Indonesia. Dunham et al., (2001) suggested that large quantities of 

terrestrial organic material in the Kutei Basin might have been transported 

from deltaic and shallow marine environments into deep water as part of the 

finer-grained tails of turbidity currents. Slatt 

(http://www.geology.ou.edu/library/paper.pdf) {this reference needs to be 

fixed- should be a date and listed in the references} further suggested these 
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source rocks apparently were deposited during times of high clastic input, 

possibly parts of the lowstand fan deposits. 

 Mudstone acting as a seal depends on two factors, continuity of the 

sequence and the thickness of the sequence (capacity). A laterally continuous 

mudstone sequence would be an efficient seal because it conceals the 

hydrocarbon accumulations; however a laterally discontinuous sequence 

would only act as a baffle in the reservoir. The thickness of the mudstone 

sequence is also important as it defines the capacity and ability of the 

mudstone to hold the hydrocarbon accumulations before it leaks. The 

continuity of the mudstone sequences in the deep water successions cannot be 

determined through the cores and seismic as the seismic reflectance are very 

poor.  
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CHAPTER 12 

CONCLUSION AND RECOMMENDATIONS 

 

12.1 CONCLUSION 

The detailed study of the Northwest Borneo Basin (offshore) and the 

western part of the Crocker Formation have resulted in documentation of the 

sedimentary depositional system, stratigraphic architecture and reservoir 

characteristics of the sedimentary deposits and the prediction of their reservoir 

potential. 

 All the study areas display characteristics of sediment deposited in 

lowstand systems tracts (LST), during falling (lowstand fan) and the 

subsequent slow rise (lowstand wedge) of relative sea level. The lowstand fans 

are characterised by active leveed channel deposition at the top of the fan near 

a canyon opening. Slope deposits demonstrate that the lowstand wedges 

include submarine and slope fans. The outcrop, SF and deep water areas show 

the characteristics of lowstand wedges.  

All of the areas studied illustrate that the sediments were deposited in 

type II turbidite depositional systems. Type II turbidite depositional systems 

may be deposited both during the rising of relative sea level and also when 

slope failure occurs. The turbidite sediments are usually found deposited in the 

distal parts of the distributary channels. 

SF field (Fig.10.6), Kin fan (Figs 10.9, 10.10), Kam fan and Pink fan 

are typified by Cbh, Cth and Ctl sub-facies, which were observed in the 

seismic reflectance traces. They all display characteristics of interbedded 
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sandstone and mudstone and are associated with sand sheets, distal turbidite 

and fine-grained suspension deposits. These sub-facies are associated with 

basin floor and slope submarine fan complexes.  

 The Crocker Formation outcrop represents the earliest fan in the deep 

water facies, which has subsequently been uplifted and exposed. Generally the 

stratigraphy of the outcrop areas is as follows:  

1. The base of the stratigraphic turbidite succession consists of 

pebbly and massive sandstone. These Ta-dominated Bouma 

sequences are classified as base-of-slope or a proximal lobe 

deposits. 

2. The middle part of the stratigraphic turbidite succession 

comprises graded and laminated sandstone and thin alternations 

of sandstone and mudstone, which represent Ta, Tb and Td 

Bouma sequences and less prevalent Te sequences. They are 

categorised as distal silt-mud lobes. 

3. The upper part of the stratigraphic turbidite succession is 

similar to the middle part of the stratigraphic turbidite 

succession (Ta, Tb and Td Bouma sequences and less prevalent 

Te sequences) but has thicker sandstone successions and is 

categorised as silty sandy distal lobe and sandy lobe deposits. 

The SF stratigraphic succession is basically divided into basal, middle 

and upper parts of the succession. Each section is characterised as follows: 

1. The basal part of the stratigraphic succession is represented by 

massive, laminated wispy and chaotic sandstone with or 
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without mud clasts, which represent Ta to Tc Bouma sequences 

and less common Te sequences. 

2. The middle part has similar successions near the base, with the 

difference being it consists of alternating sandstone and 

mudstone that show the presence of trace fossils. The middle 

part displays Ta to Td Bouma sequences and less common Te 

sequences. 

3. The upper part of the stratigraphic sequence has similar 

properties to the middle part and also exhibits Ta to Td Bouma 

sequences and less common Te sequences. 

The deep water area is divided into three fans, namely Kin, Kam and 

Pink fans. Proximal and silty sandy distal lobes deposits exemplify the Kin 

fan. The base of the Kin fan generally consists of massive and graded 

sandstone (Ta Bouma sequences) and displays proximal lobe deposition. The 

middle part shows silty sandy distal lobe deposition, which consists basically 

of alternations of sandstone and mudstone (Td Bouma sequences) with less 

prevalent mudstone (Te sequences). The upper part of Kin fan has similar 

properties to the basal part of the fan.  

 The Kam fan is characterised by silty sandy distal lobe and sandy lobe 

deposits. The base and the middle part of the Kam fan demonstrate both silty 

sandy distal lobes and sandy lobes, which consist of massive, laminated and 

wispy sandstone alternating with sandstone and mudstone, with or without 

mud clasts and trace fossils (Ta to Td Bouma sequences) and less common 

mudstone. The upper part of the Kam fan is characterised by sandy lobe 
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deposition, which comprises massive, laminated and wispy sandstone with 

interbeds of sandstone and mudstone (Ta to Td Bouma sequences) and less 

common mudstone sequences (Te Bouma sequences). 

 Sandy and silty sandy distal lobes typify the Pink fan. The base of the 

Pink fan illustrates sandy lobe deposits that consists of mostly massive 

sandstone, followed by wispy sandstone with or without mud clasts and trace 

fossils (Ta and Tc Bouma sequences) and less common mudstone (Te 

sequences). The middle part demonstrates silty sandy distal lobe deposits, 

which consists of mainly alternating sandstone and mudstone, followed by 

massive, graded, laminated and wispy sandstone with or without trace fossils, 

and less prevalent mudstone (Ta to Te Bouma sequences). Sandy lobe deposits 

exemplify the upper part of the Pink fan, which has similar properties to the 

base of the Pink fan. 

 Since the outcrop area represents the earliest fan formed, there is a 

possibility that the source of the turbidites in the shallow marine and deep 

water areas are from the outcrop. Petrology and heavy mineral studies have 

been executed to support the statement above. The outcrop sandstone is 

classified as subarkose with chiefly fine to very fine sand as angular to 

subangular grains that are moderately sorted. According to Boggs (2001), 

sediments eroded from these sources principally consist of quartzose sand, 

feldspars with high ratios of potassium to plagioclase feldspar, metamorphic 

and sedimentary rock fragments. The SF and Kin fan sandstones are classified 

as sublitharenite suggesting a quartz-rich source with an abundant amount of 

lithic rock fragments. Both areas consist of fine to very fine sands with angular 
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to subangular grains that are moderately sorted. The Kam fan exhibits a 

transition between sublitharenite and quartzarenite sandstone suggesting 

abrasion and weathering of lithic rock fragments as they are transported to the 

fan from the source area. Kam fan sand grain size ranges from fine to coarse 

silt with angular to subangular grains and is moderately sorted. The Pink fan 

sandstone is categorised as quartzarenite with very fine to coarse silt grains 

that are angular to subangular and moderately to well sorted. The quartzarenite 

sandstones suggest extensive reworking and deep weathering of quartz-

bearing rocks (possibly the Crocker Formation) in the source terrain. Overall, 

the sandstones are fine- to very fine-grained, angular to subangular and 

moderately sorted. The grains in the sandstone indicate a relatively short time 

under continental or shelf transport conditions and implies a longer density 

flow pathway (Scott et al., 2000), which is shown by the angularity of the 

grains. Therefore, the source rocks of the shallow marine and deep water fans 

are probably derived from the Crocker Formation (outcrop). 

 Zircon and tourmaline are the most common heavy minerals that were 

identified in the shallow marine and deep water areas. Chlorite, garnet and 

rutile are rather common in these study areas together with traces of 

glauconite, spinel, biotite and hornblende. Traces of sillimanite are only 

present in the Kam fan, whereas traces of staurolite and epidote are found in 

the shallow marine and Kam fan. These results indicate the source includes 

some rocks of igneous and metamorphic origin. 

 Of all the fans discussed, the outcrop fan was the earliest to be formed 

during the Eocene to Early Miocene. The SF deposits are 10.6 Ma, followed 
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by Kin fan (9.5 to 10.6 Ma), Kam fan (8.5 to 9.5 Ma) and Pink fan (8.2 to 8.5 

Ma). The two types of deposition models that were discussed in this research 

are the trench and abyssal cone models. The trench model suggests tectonic 

activity influenced the style of the depositional systems. The trench forms a 

deeper, narrower basin more typical of a foredeep style related to a fold-thrust 

belt (Scott et al., 2000). The Northwest Borneo Basin is situated within a 

complex subduction or accretion area, which caused fold thrusts, uplift and 

subduction of some parts of the basin. These structures can be witnessed 

clearly in the outcrop successions. The sediments that are supplied to the fan 

lobes are possibly due to trenching of the continental slope into the shallow 

marine shelf area. The sediments were then transported from the shelf via 

channels and distributary channels into the deep water area forming the three 

fans. The deep water fans overlap one another from the oldest to the youngest, 

and probably represent successive lowstand deposits. Another possibility is the 

switching of the lobes in the middle parts of the fans can be observed through 

the nature of the sediments deposited, which is parallel stacking of alternating 

sandstone and mudstone. All three fans display thickening and coarsening 

upward sequences of the sandstone beds.  

 The abyssal cone model suggests the fans may have developed from 

channel flows that migrated laterally through time from the continental slope 

and canyon walls onto the basin floor of the deep water area to form cone-like 

deposits. Basically the studied deep water fan deposits were laid down in the 

middle part of the fans with a thickening and coarsening upward sequence. All 

three fans systems display switching of lobes, which is supported by the 
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stacking pattern of the sediments displaying alternating proximal and distal 

successions. In a prograding fan situation, the depositional lobes down fan 

from the middle fan and braided channels would aggrade before deposition 

switched to another part of the fan and build another lobe (Walker et al., 

1973). 

 The most common rock types for a potential hydrocarbon reservoir 

would be sandstone in the turbidite sequences. Sedimentary rocks that 

represent potential hydrocarbon reservoirs have adequate porosity and 

permeability to provide good trapping conditions. The SF and Kin fan 

turbidite successions display good estimated total porosity. The Kam and Pink 

fans both exhibit good to very good estimated total porosity for hydrocarbon 

reservoirs. The permeability of the SF and deep water fans turbidite succession 

exhibits poor to very good permeability. The poor to fair permeability of the 

turbidite successions normally occur in mudstone or siltstone sequences. The 

SF and deep water fans consist of successions containing alternating sandstone 

and mudstone with less prevalent thick mudstone sequences. These mudstone 

sequences provide barriers for hydrocarbons to seep out of the reservoirs, as 

the pore throats in the sediments are not continuous. Therefore turbidite 

successions that contain vast amounts of Td to Te Bouma sequences will make 

the quality of the potential hydrocarbon reservoir poor. However, turbidite 

sandstones that are classified as sublitharenite or quartzarenite display 

potentially good reservoirs. The degree of diagenesis is very low in these 

turbidite successions, which further contributes to potentially good reservoir. 
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Therefore, the turbidite successions in the study areas make potentially fairly 

good to good reservoirs for petroleum exploration and production. 

 

 

12.2 RECOMMENDATIONS  

 The northwest Borneo basin is situated in a very complex area and 

needs more work to be done to fully understand its geology and 

characteristics. It is recommended that future work done in the northwest 

Borneo basin should concentrate on: 

1. an extensive study of the structural pattern of the basin and outcrop 

successions, which would further improve the understanding of 

palaeoenvironment and tectonic evolution of the basin; 

2. a more detailed seismic study with better quality seismic 

reflectance, which would provide more accurate results and assist 

in a better recognition of facies and depositional types; and 

3. a detailed study of heavy minerals for all the study areas, including 

microprobe study, which would assist in provenance analysis. 
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Figure 1.1 Bouma sequence, the idealised sequence of sediments and 

structures deposited in a turbidite by a turbidity current (Bouma, 2000). 
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Figure 1.2 Resedimented clastic facies models for slumps, debrites and 

turbidites showing the idealized structural sequences (Stow, 1985). 

 



                                                                                      CHAPTER 1 - INTRODUCTION 

 3 

 
 
Figure 1.3 Schematic model of a fine-grained turbidite fan system (Bouma, 
2000). 
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Figure 1.4 Schematic model of a coarse grained (sand-rich) submarine fan 

system (Bouma, 2000) based on Stow, Howell and Nelson (1985) and Bouma 

(1997). 

 



                                                                                   CHAPTER 1 - INTRODUCTION 
 

 5 

 
 
Figure 1.5 World map showing the sedimentary basins containing turbidite 

reservoirs (Weimer et al., 1991). 
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Figure 1.6 Three types of submarine fans (turbidite systems) related to three 

proposed stages of fan evolution (Mutti, 1985). 
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Figure 1.7 Slope apron depositional model for West Crocker Formation 

turbidite (William et al., 2003). 
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Figure 1.8 Map of West Sabah and Gaya Island. Outcrop study locations. 
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Figure 1.9 NW Borneo geological provenance map NW Borneo geological 
provenance map. (SSB, 2002) 
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Table 1.1 Some relative differences in transport-depositional characteristic 

between coarse grained and fine grained turbidite systems, however there are 

exceptions (Bouma, 2000). 
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Figure 2.1 Location of Borneo (Hall and Nichols, 2002). 
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Figure 2.2 Reconstruction of the region at 10 Ma. Counter clockwise rotation 

of Borneo (Hall, 1996). 
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Figure 2.3 Reconstruction of the region at 30 Ma. South China Sea was driven 

by pull of the subducted Proto-South China Sea slab, and possibly by 

extrusion caused as India indented Eurasia (Hall, 1996). 
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Figure 2.4 Interbedded sandstone and mudstone (flysch type units) at in 

location B. 
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Figure 2.5 Interbeds of thin sandstone in thicker mudstone beds located at 

location B. 
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Figure 2.6 Interbeds of thick sandstone and very thin mudstone sequences 

displaying sharp bases, slight upward fining and younging to the right at 

location G. 
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Figure 2.7 Location C displaying thick massive to weakly laminated 

sandstone. 
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Figure 2.8 Folds in location B, northwest side of Gaya Island. 
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Figure 2.9 Folds produced by local compaction on a low angle thrust fault at 

location B. 
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Figure 2.10 KBB3 core showing slinkenside (2075.7 metres ;6808.4 feet) due 

to faulting (photos supplied by CoreLab, Malaysia).  
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Figure 3.1 Computer Assisted Petrography (CAP) workstation. 
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Figure 3.2 Computer Assisted Petrography (CAP) workflow.  

Example of 

provenance 

QFL plot 

Example of mineral 

summary table 
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Figure 4.1 Lithological characteristics of a typical Bouma sequence (Sloss, 

pres. Comm., 2006) 
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Figure 4.2 Core photos A display GMS cores (2438.4 to 2448.6 metres; 7998 

to 8031.5 feet). Core photo B displays the presence of heavily laminated 

sandstone (facies Sl; photos provided by CoreLab, Malaysia; photos taken in 

white and UV light). 

A 

B 
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Figure 4.3 Location B displaying faint laminae on sandstone with mud clasts. 
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Figure 4.4 SF core section (907.6 to 907.7 metres; 2976.8 to 2977.1 feet) 

displaying laminated sandstone with trace fossils (Sl(t); A: white light, B: UV 

light; photos provided by CoreLab, Malaysia). 

Sl(t) 

Sl(t) 

A B 
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Figure 4.5 SF core section (910.4 to 910.5 metres; 2986.0 to 2986.4 feet) 

showing wispy sandstone (Photos provided by CoreLab, Malaysia; photos in 

white (left) and UV (right) light).  
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Figure 4.6 Sandstone bed displaying ripples (Srx) and laminae (Sl) identified 

at location B. 

Srx 

Sl 

Scoured 

based 
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Figure 4.7 Flute mark a scour mark example from location D. 
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Figure 4.8 Drag or groove marks at the base of a sandstone bed. Photo taken at 

location D. 
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Figure 4.9 Flute marks at location F. 
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Figure 4.10 Groove marks at location H. 
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Figure 4.11 Slump features found in location A at the base of a sandstone bed. 
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Figure 4.12 Fold structure at location B of interbedded sandstone and 

mudstone. 
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Figure 4.13 Load casts at the base of a sandstone bed identified in location B. 
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Figure 4.14 Core photo of SF cores (905.5 to 906.4 metres; 2970.0 to 2973.0 

feet). Core photo displays Sa(t), Sl and Sl(t) facies (Photos provided by 

CoreLab, Malaysia; photos in white (left) and UV (right) light). 

Sa(t) 

Sl 

Sl(t) 
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Figure 4.15  KME core photos (2401.4 to 2401.5 metres; 7876.55 to 7877 

feet) displaying cross laminae (facies Srx; photos provided by CoreLab, 

Malaysia). 

 



                                       CHAPTER 4 – SEDIMENTARY CHARACTERISATION 
 

 38 

 
 
Figure 4.16 Thin interbeds of sandstone and mudstone at location B. 
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Figure 4.17 Location G showing a thick mudstone (Mm facies) bed 

approximately 1.7 metres thick which overlies and underlies successions of 

interbeds of mudstone and sandstone (Si facies). 

Mm 

Si 

Si 
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Figure 4.18 Location D showing laminated mudstone (Ml) bed shifted by a 

minor fault. 

Ml Sm 
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Figure 4.19 Location C shows mud clasts in a sandstone bed. 
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Figure 4.20 Location C shows scoured base structure of the sandstone bed. 
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FACIES 

CODE 

FACIES SEDIMENTARY 

STRUCTURES 

INTERPRETATION 

Sm Vf – granule grained, 
moderate – poorly sorted 

Massive Sediment or grain 
flows deposits 

SmG Vf – granule grained, 
moderate – poorly sorted 

Graded Turbidity current, 
upper flow regime, 
proximal turbidite, 
suspension, traction 

carpet 
Sl Vf – f grained, moderately 

sorted 
Parallel laminae Turbidity current, 

upper flow regime, 
plane bed, proximal 

turbidite, traction 
Srx Vf  – m grained, 

moderately sorted 
Ripples or Cross 

laminae 
Turbidity current 

deposits, lower flow 
regime, distal 

turbidite, traction 
(bedload) 

Sw Vf – f grained, moderately 
sorted 

Wispy 
carbonaceous 

material 

Turbidity current 
deposits, lower flow 

regime, distal turbidite 
Si Interbeds of vf – f 

sandstone and mudstone 
Structureless  Turbidity current 

deposits, lower flow 
regime, distal turbidite 

Sil Interbeds of vf – f 
sandstone and mudstone 

Parallel laminae Turbidity current 
deposits, lower flow 

regime, distal turbidite 
Sa Interbeds of sandstones and 

mudstones, moderate – 
poorly sorted 

Chaotic Turbidity current 
deposits, rapid 

deposition 
Mm Mudstone Massive, 

structureless 
Turbidity current 
deposits, pelagic 

sedimentation 
Ml Mudstone Parallel laminae Turbidity current 

deposits, pelagic 
sedimentation 

Mt Mudstone Trace fossils Turbidity current 
deposits, pelagic 

sedimentation 
 
Table 4.1 Lithofacies classifications for all three study areas (deepwater, SF 

and outcrop) and based on Middleton and Hampton (1973). 
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CODE FACIES MODIFIERS SEDIMENTARY 

STRUCTURES 

INTERPRETATION 

c Clast - Suspension (bedload) 
p Pebble - Suspension  
t Trace fossils, bioturbations -  Rich in organic matter 
s Scour features Flute marks, 

scoured bases 
Turbulent flow, 

erosion 
d Tool marks Drage or groove 

marks 
Current flow 

b Load structures Load casts Quick burial of mud 
by sand, most 

common in turbidite 
 
Table 4.2 Facies modifiers classification for all the three study areas 

(deepwater, SF and outcrop). 
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Figure 5.1 Location A showing successions of interbedded sandstone and 

mudstone beds. The interbeds display thinning and fining upward cycles. 
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Figure 5.2 Location B showing two cycles of interbedded sandstone and 

mudstone. The sandstone beds thin upward through the succession. 

Si (Td) 

Si 
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Figure 5.3 Location D showing two distinct cycles that are: (1) alternation of 

thick sandstones and thin mudstone and (2) thinly interbedded sandstones and 

mudstone. 

2 

Td sequence 

1 
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Figure 5.4 Location E dominated by interbeds of sandstone and mudstone 

(heavily weathered). 
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Figure 5.5 Location F displaying succession containing interbedded sandstone 

and mudstone. Two types of interbeds (1) sandstone displays thinning upward 

sequence and (2) alternation of thick sandstone and thin mudstone beds. 

 

1
 A  

2 
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Figure 5.6 Location G showing alternates of sandstone and mudstone beds 

(thickening upward sequence). 
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Figure 5.7 Sample 1n from location A. Cross nicol photo of thin section. Field 

of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 5.8 Fully analysed figure 5.7 mQ: monoquartz; pQ: polyquartz; Sh: 

shale; mQt: metaquartzite; B: biotite; Dm: ductile MRF’s, Ca: carbonaceous 

material, Kf: K-feldspar and Cl: clay lining.  

 

mQ 
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Ca 
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Cl 
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Figure 5.9 Sample 2E from location B. Cross nicol photo of thin section. Field 

of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 5.10 Fully analysed figure 5.9 mQ: monoquartz; pQ: polyquartz; Sh: 

shale; mQt: metaquartzite; M: muscovite; Bm: brittle MRF’s, Ca: 

carbonaceous material, O: quartz overgrowth, C: chert, Kf: K-feldspar and Cf: 

clay filling. 
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Figure 5.11 Sample 3A from location C. Cross nicol photo of thin section. 

Field of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 5.12 Fully analysed figure 5.11 mQ: monoquartz; pQ: polyquartz; V: 

volcanic rock fragments; Ca: carbonaceous material, mQt: metaquartzite, C: 

chert, Kf: K-feldspar and Cf: clay filling. 
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Figure 5.13 Sample 4A from location D. Cross nicol photo of thin section. 

Field of view (FOV) = 1.10millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 5.14 Fully analysed figure 5.13 mQ: monoquartz; pQ: polyquartz; O: 

quartz overgrowth; Ca: carbonaceous material, mQt: metaquartzite, C: chert, 

Pl: plagioclase, Bm: brittle MRF’s, Dm: ductile mRF’s and Cf: clay filling. 
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Figure 5.15 Sample 6A from location F. Cross nicol photo of thin section. 

Field of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 5.16 Fully analysed figure 5.15 mQ: monoquartz; pQ: polyquartz; O: 

quartz overgrowth; Ca: carbonaceous material, mQt: metaquartzite, C: chert, 

Pl: plagioclase, Cl: clay lining, In: intergranular porosity and Cf: clay filling. 
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Figure 5.17 Sample 7H from location G. Cross nicol photo of thin section. 

Field of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 5.18 Fully analysed figure 5.17 mQ: monoquartz; pQ: polyquartz; O: 

quartz overgrowth; Ca: carbonaceous material, mQt: metaquartzite, Pl: 

plagioclase, Cl: clay lining, In: intergranular porosity and Cf: clay filling. 
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Figure 5.19 Sample 8A from location H. Cross nicol photo of thin section. 

Field of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 5.20 Fully analysed figure 5.19 mQ: monoquartz, pQ: polyquartz, Ca: 

carbonaceous material, mQt: metaquartzite, Pl: plagioclase, Cl: clay lining, V: 

volcanic rock fragments and Cf: clay filling. 
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Figure 5.21 Sample 2A from location B. Q: quartz and I: illite. 
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I 
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Figure 5.22 Sample 2A from location B. Q: quartz, M: muscovite and I: illite. 

Q 

M 
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Figure 5.23 Sample 2C from location B. Q: quartz and I: illite. 
 

I 

Q 



                                                                                            CHAPTER 5 – OUTCROP  
 

 68 

 
 
Figure 5.24 Location F. A: Paleodictyon. 

A 
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Figure 5.25 Location F. A: Spiroraphe, B: Cosmorphaphe and C: Lokeia. 

A 

B 
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Figure 5.26 Location F. A: Cosmorphaphe and B: Palaeodictyon. 

A 

B 
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Figure 5.27 Location F. A: Spiroraphe and B: Thalasinoides. 

A 

B 

Figure 5.28 (p. 72) missing from original file
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FAN UNIT FACIES DEPOSITION 

ENVIRONMENT 

OUTCROP BASE Pebbly sandstone, 
massive sandstone 

Base of slope, 
proximal lobe, 

 MIDDLE Thin alternates of 
sandstone and 

mudstone, 
laminated, graded 

Distal silt-mud lobe, 

 UPPER Alternates of 
sandstone and 

mudstone, massive, 
graded 

Silty sandy distal 
lobe, sandy lobe 

SHALLOW 

MARINE 

BASE Mostly wispy 
sandstone; some 

massive, laminated, 
chaotic or contain 

mud clasts 

Slope channel 

 MIDDLE Mostly chaotic 
sandstone; wispy or 
massive sandstone; 

some laminated, 
alternates of 

sandstone and 
mudstone or 
bioturbated 

Slope channel 

 UPPER Mostly laminated 
and massive 

sandstone, chaotic 
sandstone; some 

alternates of 
sandstone and 
mudstone and 

wispy or 
bioturbated 
sandstone 

Slope channel 

KIN BASE Massive 
sandstones, graded 

sandstones 

Sandy lobe 

 MIDDLE Alternates of 
sandstone and 

mudstone 

Silty sandy distal 
lobe 

 UPPER Massive sandstone Sandy lobe 
KAM BASE Mostly wispy 

sandstones with 
mud clasts or 

bioturbation; some 
laminated and 
alternates of 

sandstone and 
mudstone 

Sandy lobe, silty 
sandy distal lobe 

 MIDDLE Mostly alternates 
of sandstone and 

mudstone and 
laminated 

sandstone; some 
massive 

Silty sandy distal 
lobe, sandy lobe 
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FAN UNIT FACIES DEPOSITION 

ENVIRONMENT 

KAM UPPER Mostly wispy 
sandstones and 

alternates of 
sandstone and 

mudstone; some 
laminated or 

massive 

Sandy lobe 

PINK BASE Mostly massive 
sandstone; some 
wispy materials, 
mud clasts and 

bioturbation 

Sandy lobe 

 MIDDLE Mostly alternates 
of sandstone and 

mudstone, 
laminated 

sandstone; some 
sandstone with 

wispy materials, 
bioturbation, 

graded or massive 

Silty sandy distal 
lobe 

 UPPER Mostly laminated 
sandstone, 

alternates of 
sandstone and 

mudstone; some 
bioturbation, mud 
clasts, massive or 
wispy materials 

Sandy lobe 

 
 
Table 5.1 Depositional characteristics of the base, middle and upper sand-rich 

units of the different fans. 
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LOCATION SAMPLE 

DEPTH 

 (m) 

PALYNO- 

LOGY 

NANNO- 

FOSSIL 

MICRO- 

PALAEONTOLOGY 

A 1e 23.4 non-diagnostic 
Sphenolithus  

abies non-diagnostic 

A 1i 37.95 non-diagnostic non-diagnostic 

calcareous benthonic 
(Pseudorotalia 
schroeteriana) 

A 1l 58.9 non-diagnostic non-diagnostic non-diagnostic 

B 2d 11 non-diagnostic non-diagnostic non-diagnostic 

B 2f 26.1 non-diagnostic non-diagnostic 
Agglutinated benthonic 

(Trochammina spp.) 

B 2g 28.6 non-diagnostic non-diagnostic non-diagnostic 

B 2h 28.85 non-diagnostic non-diagnostic non-diagnostic 

B 2i 65.2 non-diagnostic non-diagnostic non-diagnostic 

B 2p 143.75 non-diagnostic non-diagnostic non-diagnostic 

B 2q 144.5 non-diagnostic 
Sphenolithus  

abies non-diagnostic 

E 5b   non-diagnostic non-diagnostic 
Agglutinated benthonic 

and planktonic 

E 5c   non-diagnostic non-diagnostic Agglutinated benthonic  

G 7b   non-diagnostic non-diagnostic Agglutinated benthonic  

G 7g   non-diagnostic non-diagnostic Agglutinated benthonic  

H 8k   non-diagnostic 

cubical shaped 
plant material 
with fine resin 
like material Agglutinated benthonic  

 
Table 5.2 Biostratigraphy results of the outcrop. 
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Figure 6.1 SF core section (931.9 to 931.7 metres; 3056.6 to 3056 feet) 

displaying Sa and Si facies (Photos provided by CoreLab; white (left) and UV 

(right) light). 

Sa 

Si 
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Figure 6.2 SF core section (917.9 to 917.7 metres; 3010.7 to 3010.2 feet) 

displaying laminated sandstone bed (Sl facies/Tb sequence; photos provided 

by CoreLab; white (left) and UV (right) light). 

Sl 
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Figure 6.3 SF core section (914.2 to 911.0 metres; 2988.6 to 2988.1 feet) 

displaying laminated interbedded sandstone and mudstone with trace fossils 

(Si(t) facies; photos provided by CoreLab; white (left) and UV (right) light). 

Si(t) 
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Figure 6.4 SF core section (927.0 to 927.2 metres; 3040.8 to 3041.3 feet) 

displaying a wispy sandstone with clasts (Sw( c ) facies) and wispy sandstone 

(Sw facies) beds (Photos provided by CoreLab; white (left) and UV (right) 

light). 

Sw( c ) 

Sw 
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Figure 6.5 SF core section (923.8 to 923.6 metres; 3030.05 to 3029.5 feet) 

displaying alternate of Sa and Mm (Te sequence) facies (Photos provided by 

CoreLab; white (left) and UV (right) light). 

Sa 

Sa 

Mm 
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Figure 6.6 SF core section (928.0 to 927.9 metres; 3043.8 to 3043.4 feet) 

displaying Tb sequence and Sw facies (Photos provided by CoreLab; white 

(left) and UV (right) light). 

Sw 

Tb 



                                                                                            CHAPTER 6 – SF FIELD 
 

 82 

 
 
Figure 6.7 SF core section (906.8 to 906.6 metres; 2974.3 to 2973.75 feet) 

displaying Si(t) facies and Tb sequence (Photos provided by CoreLab; white 

(left) and UV (right) light).  

Si(t) 

Tb 
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Figure 6.8 Sample 932.3 metres (3058.1 feet) of SF. Cross nicol thin section 

photos. Field of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 6.9 Fully classified image of figure 6.8 mQ: monoquartz, pQ: 

polyquartz, C: chert, O: quartz overgrowth, Sh: Shale, V: volcanic rock 

fragments, Cl: clay lining, In: intergranular porosity, It: intragranular porosity, 

Fr: grain fracture. 
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Figure 6.10 QFR plot of SF samples. Majority of the sands examined fall 

within the sublitharenite field. 
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Figure 6.11 QLF provenance plot for SF samples. The sands examined fall 

within the Recycled Orogen Provenance. 
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Figure 6.12 IGV plot for SF samples. The sands examined are dominated by 

compaction processes. 
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Figure 6.13 SF sample at 928.9 metres (3046.9 feet). IS: illite/smectite, I: 

illite, Q: quartz, O: quartz overgrowth and P: intergranular porosity. 
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Figure 6.14  SF sample at 928.9 metres (3046.9 feet). IS: illite/smectite and P: 

intergranular porosity. 
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Figure 6.15 SF sample at 932.3 metres (3058.0 feet). IS: illite/smectite, Q: 

quartz, O: quartz overgrowth and P: intergranular porosity. 
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Figure 6.16 Wireline log of SF field (Provided by SSB, 2000). 
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DEPTH (M) DEPTH (FT) ESTIMATED POROSITY (%)

909.8 2984.3 19.8

915.2 3001.8 24.3

920.9 3020.6 20.8

928.9 3046.9 26.3

931.3 3054.7 15.7

932.3 3058.1 27.2  
 
Table 6.1 CAP estimated porosity of SF samples. 
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CALCULATED WHOLE ROCK COMPOSITION 

 (Weight %) 

RELATIVE CLAY 

 ABUNDANCE 

Normalized to 100% 

        Calcite / Dolomite /     Total       
Mixed- 
Layer 

Depth (ft) Quartz Plagio K-Felds Fe-Cal Fe-Dolom Siderite Pyrite Clay Illite Kaolinite Chlorite 
Illite/ 
Smectite* 

                          

2971.5 63.6 1.3 9.0 0.0 0.0 2.2 0.0 23.9 55.5 12.2 2.4 29.9 

2974.2 55.1 0.5 10.8 0.0 0.0 6.4 0.0 27.2 55.3 10.5 2.8 31.4 

2976.8 51.1 1.9 10.0 0.0 0.0 2.4 1.0 33.6 51.4 11.1 3.6 33.9 

2978.7 61.5 0.9 11.9 0.0 1.9 3.0 0.5 20.3 54.6 11.6 2.6 31.2 

2984.3 73.8 1.0 8.5 0.0 0.0 1.9 0.0 14.8 44.9 10.3 4.2 40.6 

2987.5 63.4 1.3 10.3 0.0 0.0 2.3 1.5 21.2 52.8 14.0 3.3 29.9 

3001.1 85.8 1.0 4.6 0.0 0.0 1.8 0.0 6.8 65.0 22.9 0.0 12.1 

3001.8 86.1 0.5 3.0 0.0 0.0 1.6 0.0 8.8 58.1 24.5 0.0 17.4 

3010.7 63.5 1.3 9.2 0.0 0.0 2.0 0.0 24.0 56.2 12.1 3.9 27.8 

3019.9 86.3 0.5 4.5 0.0 0.0 1.5 0.0 7.2 54.6 21.5 2.7 21.2 

3020.6 77.1 1.0 8.6 0.0 0.0 1.6 1.0 10.7 64.3 19.4 1.9 14.4 

3021.2 74.6 1.2 7.2 0.0 2.0 6.7 0.0 8.3 51.5 21.8 2.2 24.5 

3023.7 80.7 0.5 6.3 0.0 0.0 1.6 0.0 10.9 58.6 16.2 1.6 23.6 

3028.5 60.0 1.0 11.8 0.0 0.0 3.6 0.0 23.6 59.1 14.4 1.7 24.8 

3034.3 60.1 1.5 13.6 0.0 0.0 1.9 0.0 22.9 54.0 12.7 2.9 30.4 

3046.9 72.3 1.0 9.8 0.0 0.0 1.6 0.0 15.3 54.8 16.9 0.9 27.4 

3054.2 72.4 0.5 9.8 0.0 0.0 0.0 1.5 15.8 53.2 19.7 0.9 26.2 

3054.7 74.2 0.5 5.2 0.0 0.0 12.0 0.0 8.1 64.7 19.5 0.0 15.8 

3055.7 75.7 0.5 5.6 0.0 0.0 8.0 0.0 10.2 53.7 16.1 0.0 30.2 

3058.1 79.2 1.0 8.7 0.0 0.0 0.8 0.0 10.3 60.4 23.3 2.3 14.0 
*Average expandable smectite in mixed layer clay is 10%. 

 

Table 6.2 Bulk and clay XRD data. Analysis done by CoreLab, 22 June 2000. 
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T-
sequence 

Depth Range Comment Water Depth/ 
Dep. Setting 

TB 3.7 Not penetrated   
TB 3.6 Not penetrated Using Palynological 

Interpretation Alternative 
3, TB 3.6-3.4 presumed 
not present. 

 

TB 3.5 Not penetrated See TB 3.6 risks  
TB 3.4 Not penetrated See TB 3.6 risks.    
TB 3.3 600-2080ft Reasonable. Palyn top 

P710 at 630ft; nanno 
NN11A at 2175ft supports 
this pick.  No support from 
micro. 

630-720ft Inner 
Shelf 
810-1080ft 
Shallow–Inner 
Shelf 
1170-1440ft 
?Coastal-
Shallow Shelf 
1470-1710ft 
Outer Shelf 
1800-2160ft 
Outer Shelf (-
Slope) 

TB 3.2 2080-2300ft Weak.  Within range of 
NN11A and P710. 
Depressed top micro SN16 
at 3510ft does not 
supports.  No obvious log 
shifts to allow 
differentiation of TB 3.3 
from TB 3.2; nor TB 3.2 
from TB 3.1.  In the latter 
case, the casing point and 
mechanical log prejudices 
any accurate placement. 

1800-2160ft 
Outer Shelf (-
Slope) 

TB 3.1 2300-3150ft Reasonable.  Palyn P630 
tops at 2310ft.  No support 
from micro; however 
within range of ?NN10 at 
2418.0ft and NN10/NN9 at 
2454.0-2648ft. 

2300-2790ft 
Slope-Base of 
Slope 

TB 2.6 3150-3800ft Reasonable.  ?P620 at 
3176.0ft and ?P610 at 
3760ft supports.  NN9A at 
3280.0ft and NN8 at 
3264.0ft also supports.  
Micro data does not 
support, however using 
SN14 down to 3668/0ft 
(SWC), this would point to 
a TB 2.6 placement “base 
of range”, even if top 

3176-3770ft 
Slope-Base of 
Slope 
At 3800ft 
Coastal-Shallow 
marine 
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SN14 cannot be 
determined. 

TB 2.5 Not penetrated   
 
Table 6.3 Biostratigraphy T – sequence picks (Osterloff, 2004). 
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Figure 7.1 KBB3 cores (2075.7 to 2079.3 metres; 6808.4 to 6820.0 feet) 

displaying sandstone beds and fractures. 
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Figure 7.2 KBB3 core section (2181.8 to 2181.7 metres; 7156.3 to 7156 feet) 

showing wispy sandstone bed (Sw facies; photos provided by CoreLab, 

Malaysia). 
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Figure 7.3 KBB3 core section (2098.44 to 2098.38 metres; 6882.9 to 6882.7 

feet) showing massive sandstone with mud clasts (Photos provided by 

CoreLab, Malaysia). 
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Figure 7.4 KBB3 core section (2086.25 to 2086.31 metres; 6842.9 to 6843.1 

feet) showing laminated mudstone bed (photos provided by CoreLab, 

Malaysia). 
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Figure 7.5 KBB3 core section (2181.6 to 2181.8 metres; 7155.8 to 7156.2 

feet) displaying massive sandstone and wispy sandstone beds (photos provided 

by CoreLab, Malaysia). 
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Figure 7.6 KBB3 core section (2085 to 2084.9 metres; 6838.8 to 6838.5 feet) 

displaying interbedded sandstone and mudstone (Si facies, Td sequence; 

photos provided by CoreLab, Malaysia). 
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Figure 7.7 Sample 2055.2 metres (6740.9 feet) of KBB2. Cross nicol thin 

section photos. Field of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 



                                                                                                CHAPTER 7 – KIN FAN 
 

 103 

 
 
Figure 7.8 Fully classified image of figure 7.7 mQ: monoquartz, pQ: 

polyquartz, mQt: metaquarzite, C: chert, Ca: carbonaceous material, Pl: 

Plagioclase, Kf: K-feldspar, Sh: Shale, Bm: brittle MRF’s, Dm: dutile MRF’s, 

In: intergranular porosity, It: intragranular porosity. 
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Figure 7.9 QFR plot of KBB2 samples. The sands examined fall within 

sublitharenite field. 
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Figure 7.10 QFL provenance plot of KBB2 samples. The diagram displays 

that the KBB2 sands examined fall within the Recycled Orogen Provenance. 
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Figure 7.11 Sample 2180.6 metres (7152.3 feet) in KBB3. Cross nicol thin 

section photos. Field of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 7.12 Fully classified image of figure 7.11 mQ: monoquartz, pQ: 

polyquartz, mQt: metaquarzite, C: chert, Ca: carbonaceous material, Pl: 

Plagioclase, Kf: K-feldspar, Sh: Shale, Bm: brittle MRF’s, Dm: dutile MRF’s, 

M: muscovite, H: heavy mineral, In: intergranular porosity, It: intragranular 

porosity. 
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Figure 7.13 QFR plot of KBB3 samples. The sands examined fall within 

sublitharenite field. 
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Figure 7.14 QFL provenance plot of KBB3 samples. The sands examined falls 

within Recycled Orogen Provenance. 

 



                                                                                                CHAPTER 7 – KIN FAN 
 

 110 

 
 
Figure 7.15 Sample from 2055.2 metres (6740.9 feet) of KBB2. Q: quartz and 

O: quartz overgrowth. 
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Figure 7.16 Sample from 2055.2 metres (6740.9 feet) of KBB2. Pl: 

Plagioclase, KfO: K-feldspar overgrowth, O: quartz overgrowth and P: 

intergranular porosity. Plagioclase grain rimmed with authigenic K-feldspar 

overgrowth. 
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Figure 7.17 Sample from 2055.2 metres (6740.9 feet) of KBB2. Pl: 

plagioclase. 

 

Pl 
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Figure 7.18 Sample at 2054.6 metres (6739.0 feet) of KBB2. I: illite, P: 

intergranular porosity. 
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Figure 7.19 Sample from 2054.6 metres (6739.0 feet) of KBB2. K: kaolinite, 

Cl: chlorite. 
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Figure 7.20 Sample from 2102.3 metres (6895.5 feet) of KBB3. Q: quartz, O: 

quartz overgrowth and I: illite. 
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Figure 7.21 Sample from 2102.3 metres (6895.5 feet) of KBB3. Q: quartz, 

blue arrow microporosity and I: illite. 

 

Q 

I 



                                                                                            CHAPTER 7 – KIN FAN 
 

 117 

 
 
Figure 7.22 Sample at 2180.6 metres (7152.3 feet) of KBB3. O: quartz 

overgrowth and P: intergranular porosity. 
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Figure 7.23 Sample at 2180.6 metres (7152.3 feet) of KBB3. Py: pyrite, O: 

quartz overgrowth, IS: illite/smectite and S: smectite. 
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Figure 7.24 IGV plot of KBB2 samples. The sands examined are dominated 

by compaction processes. 
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Figure 7.25 IGV plot of KBB3 samples. The sands examined are dominated 

by compaction processes. 
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Figure 7.26 KBB2 wire-line logs. The black squares represents where KBB2 

cores were cored (SSB). 
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Figure 7.27 KBB3 wire-line logs. KBB3 cores were cored between 2182.9 and 

2073.2 metres (7160.0 and 6800.0 feet) with some sections preserved or not 

cored (SSB). 
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DEPTH (M) DEPTH (FT) ESTIMATED POROSITY (%)

2054.6 6739 17.3

2055.2 6740.9 23.3  
 
Table 7.1 CAP estimated porosity results of KBB2 samples.  
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DEPTH (M) DEPTH (FT) ESTIMATED POROSITY (%)

2102.3 6895.5 17.3

2103.5 6899.52 10.8

2173.9 7130.3 15.7

2176 7137.37 18.1

2180.6 7152.3 15  
 
Table 7.2 CAP estimated porosity results of KBB3 samples. 
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 WHOLE ROCK (Weight %) 

RELATIVE CLAY  

Normalized to 100% 

        Calcite / Dolomite /     Total       
Mixed- 
Layer 

Depth 
 (ft) Quartz Plagio K-Feld Fe-Cal Fe-Dol Siderite Pyrite Clay Illite Kaolinite Chlorite 

Illite/ 
Smectite * 

                          

6375.2 44.4 8.1 1.0 1.0 0.0 0.5 0.4 44.6 39.8 8.1 12.8 39.3 

6395.4 58.9 5.5 2.0 4.4 0.0 1.5 0.5 27.2 34.4 9.1 12.2 44.3 

6402.5 38.2 5.7 1.0 1.4 0.0 1.4 0.0 52.3 35.8 6.8 14.6 42.8 

6450.1 50.4 5.4 1.0 1.2 0.0 1.2 0.0 40.8 43.7 7.0 13.5 35.8 

6454.5 42.7 5.8 0.9 0.7 0.0 1.5 0.0 48.4 41.7 6.4 14.0 37.9 

6721.4 54.1 6.9 1.6 1.7 0.0 1.4 0.0 34.3 40.8 5.4 15.6 38.2 

6727.5 73.6 5.9 1.6 1.5 0.0 0.0 0.0 17.4 43.0 6.1 15.3 35.6 

6729.5 78.9 4.7 1.5 1.4 0.0 0.0 0.0 13.5 45.1 5.7 13.3 35.9 

6737.5 77.8 6.2 1.2 1.5 0.0 0.0 0.0 13.3 41.0 6.6 16.6 35.8 

6741.4 74.7 5.7 1.3 1.3 0.0 0.0 1.5 15.5 36.5 7.8 12.7 43.0 
*Average percentage of expandable smectite interlayers in mixed layer clays are 30 – 40% 
 
Table 7.3 XRD results of KBB2 samples. Analysis done by CoreLab. 
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wt%    mixed layer Plag      
 illite kaol Chlorite Smectite Kfeld Albite Qtz dolomite Calcite Pyrite  
6822.0 4.2 0.9 1.6 1.8 2.1 5.8 81.2 0.0 1.4 1.0 100.0 
6825.0 3.5 0.7 1.7 2.1 1.5 3.7 84.8 0.0 0.6 1.4 100.0 
6841.0 4.5 0.9 1.5 2.1 1.7 3.1 84.4 0.0 1.1 0.7 100.0 
6852.0 3.3 0.8 1.5 2.0 2.0 3.6 84.9 0.2 1.1 0.5 100.0 
6869.4 4.6 1.4 1.8 2.2 1.9 4.8 81.0 0.0 0.9 1.4 100.0 
6875.5 2.6 0.7 1.1 1.9 1.5 3.4 85.9 0.0 1.3 1.6 100.0 
6893.7 4.0 1.0 1.7 1.8 2.2 3.9 83.6 0.0 1.2 0.6 100.0 
6895.5 4.2 1.0 1.5 1.8 1.9 3.6 83.7 0.0 1.0 1.3 100.0 
7130.3 3.6 0.9 1.5 1.7 1.3 4.4 84.5 0.0 1.4 0.7 100.0 
7131.5 3.6 1.0 1.2 1.8 2.2 4.0 83.7 0.0 1.9 0.7 100.0 
7148.4 3.1 0.7 1.1 1.4 2.1 4.7 84.9 0.0 1.4 0.5 100.0 
7152.3 4.9 1.1 1.7 1.8 1.4 6.0 78.9 0.0 3.1 1.1 100.0 
7156.3 3.6 1.0 1.5 1.7 1.9 4.4 83.7 0.0 1.4 0.8 100.0 
7157.1 4.3 1.2 1.7 2.0 2.2 4.0 82.2 0.0 1.6 0.8 100.0 
7159.1 3.3 0.9 1.2 2.3 2.7 3.6 83.6 0.0 1.5 0.9 100.0 

mean 3.8 0.9 1.5 1.9 1.9 4.2 83.4 0.0 1.4 0.9 100.0 
 
Table 7.4 XRD results of KBB3 samples. Analysis done by CoreLab. 
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T-

sequence 

Depth Range Comment Water Depth/ 

Dep. Setting 

TB 3.7 Not determinable Top sample studied at 
4155ft just below the 13 
3/8” casing shoe.  Logged 
sequence between 13 3/8” 
and 20” casing points not 
sampled and thus 
breakdown of post-TB 3.6 
sequences is 
indeterminable. Top Micro 
sample at 4155ft suggests 
that TB 3.6 is already 
penetrated.  Top Nanno 
samples at 4170ft (NN17) 
suggests a placement 
towards the lowermost part 
of TB 3.7 or upper TB 3.6.  
The most direct positive 
dating for the presence of 
TB 3.7 in the studied 
section comes from Palyn.  
The suggestion of P800 
could be caved in 
deference to the older 
Micro and Nanno age 
placements.  It is thus 
suggested that the 13 3/8 
casing point lies at the 
approximate position of 
the TB 3.7 / TB 3.6 
boundary. 

 

TB 3.6 4155-4670ft Moderate.  Micro SN19C 
from 4155-4665ft suggests 
assignment to TB 3.6.  
This is supported by NN16 
between 4215-4545ft.  Top 
NN15 (TB 3.6/TB 3.5 
boundary is correctly 
placed just above the 
boundary suggested at 
4670ft.  Palyn P730 is 
depressed in context to top 
suggested at 4155ft (log).   

Base of Slope 

TB 3.5 4670-5163ft Moderate.  NN15 from 
4605-4785ft is within 
range.  Palyn P730 is 
within range.  Micro 
SN19B is within range.   

Base of Slope 

TB 3.4 5163-5340ft Moderate.  Base Palyn 
P730 down to 5355ft 

Base of Slope 
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suggests base of TB 3.4 
just below 5340ft (log).  
Nanno ?NN14 at around 
4830-5220ft is within 
range of TB 3.4 Sequence, 
whereas Micro top SN19A 
appears to be depressed in 
comparison.   

TB 3.3 5340-6180ft Moderate.  Palyn ?P710 
from 5760-6015ft 
tentatively suggests a 
lower TB 3.3 - base TB 3.2 
placement.  This is roughly 
supported by the possibly 
depressed SN19A pick at 
5475ft.  However, Nanno 
clearly suggest change to 
TB 3.3 based of the top 
pick of NN11B at 5355ft.    

Base of Slope-
(Basinal) 

TB 3.2 6180-6320ft Weak.  Micro SN16 from 
6225-6459ft supports the 
penetration of lower TB 
3.2 – intra-TB 3.1.  300ft+ 
unstudied gap between 
6015ft and 6367.00ft may 
suggest the presence of a 
thin residual TB 3.2.  
However Nanno top 
NN9A at 6090ft may 
suggest that all the 
sequence is already TB 
2.6.  Taking the Nanno 
against the Micro and 
Palyn may suggest that the 
Nanno age dates are 
subject to reworking (see 
discussion of reworking).  
A safe data point of 
?NN11A at 6045ft may 
indicate TB 3.2 or TB 3.1 
penetration, but certainly 
not older than upper TB 
3.1.  

Base of Slope-
(Basinal) 

TB 3.1 6320-6745ft Weak.  Palyn P630 from 
6367.00-6744.82 supports 
assignment to TB 3.1.  
Micro SN16 down to 
6459.32ft is within range 
and could support TB 3.1.  
Nanno NN9A from 6090ft 
may be caused by 

Base of Slope 
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reworking.  
TB 2.6 6745-8647ft (TD) Weak.  If Nanno NN9A is 

an in situ event, 
throughout cores, then TB 
2.6 would extend higher 
than its present 6745ft pick 
based on Palyn.  NN8 from 
8350-8550ft supports TB 
2.6 below base of NN9A at 
7950ft.  Using the FAD of 
H. sellii at 6744.82ft may 
suggest the realistic base 
of the TB 3.1 sequence, 
which would tie in well 
with the Palyn P630 down 
to the same depth.  
Reworked nannofossil data 
points may well be directly 
related to intervals of high 
reworking on an unstable 
Slope – Base of Slope 
environment.  Assuming a 
simple layer cake model 
across the filed, then the 
upper limit of the NN9A 
nannofossil subzone 
should always be treated 
with some degree of 
caution. 

5355-6950ft 
Base of Slope-
(Basinal) 
7130-8650ft 
?Base of Slope-
?Basinal 

TB 2.5 Not penetrated   
 
Table 7.5 Biostratigraphy T – sequence picks of KBB2 (Osterloff, 2004). 
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T-

sequence 

Depth Range Comment Water Depth/ 

Dep. Setting 
TB 3.9 Not determinable Top sample studied at 

1330ft just below the 20” 
casing shoe.  Logged 
sequence above 20” casing 
point not sampled and thus 
breakdown of post-TB 3.7 
sequences is 
indeterminable. 

 

TB 3.8 1330-2540ft Moderate.  Nanno NN21-
NN20 at 1330ft and NN19 
from 1690-2290ft supports 
penetration of sequence 
TB 3.8 and /or younger.  
Palyn P900 from 1330-
2530ft supports this 
assignment.  Micro top 
sample at 1330ft is Non-
diagnostic, SN22A-
?SN21B age at 1690ft is 
older than Nanno and 
Palyn defined ages.  Log 
break for SB 3.8 is not 
clearly defined, reflecting 
a probable continuum of 
sequences rather than a 
stratigraphic 
disconformity. 

Slope 

TB 3.7 2540-4015ft Reasonable.  As above 
Micro SN22A-?SN21B 
down to 3460ft and 
subsequent top SN21A 
from 3625-3895ft (lower 
TB 3.7) would support T-
sequence pick.  Similarly, 
NN18 2590-3460ft and 
NN17 3503-4075ft 
supports TB 3.7 range.  
P730 also supports TB 3.7 
from 2680-3520ft, the 
base of P730 being 
somewhat higher than the 
other equivalent TB 3.7 
disciplines.  

1330-3460ft 
Slope 
3625-6115ft 
Base of Slope 

TB 3.6 4015-4205ft Weak.  A thin TB 3.6 
sequence, but also so in 
KBB-1.  Micro SN20 
(4120-4390ft) supports TB 
3.6, but SN19B/A-SN18 at 
4615-5320ft suggesting an 

Base of Slope 
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intra-TB 3.6 and/or older 
sequence appears to be too 
deep.  Nanno NN16 at 
4180ft is roughly aligned.  
Palyno P730, although 
within range, extends 
much higher in the well up 
to 3700ft suggesting a 
possible higher top TB 3.6 
pick.  

TB 3.5 4205-4720ft Moderate.  NN15 
suggesting the proximity 
to the TB 3.6 /TB 3.5 
boundary is the key data 
point at 4255ft.  Micro is 
within range SN19B/A-
SN18 and Palyn P730 is 
also within range.   

Base of Slope 

TB 3.4 4720-5170ft Moderate.  Micro is still 
within range.  Palyn P720 
from 4855-5275ft would 
suggest it is out of sync 
with defined TB 3.4 
Sequence, normally 
reflecting an upper TB 3.3 
pick.  Nanno NN14 at 
4840-4960 and NN13-
NN12 from 5065-5125 ft 
would support a TB 3.4 
pick. 

Base of Slope 

TB 3.3 5170-5840ft Moderate.  NN11B (using 
the LAD/FDO of D. 

quinqueramus) is noted at 
5305ft, just slightly deeper 
than the top TB 3.3 
Sequence pick.  Palyn 
P710 is also noted deeper, 
but this would normally 
account for a top intra-TB 
3.3 placement so the deep 
to top sequence pick can 
be accounted for.  No 
support from Micro. 

Base of Slope 

TB 3.2 5840-6510ft Weak.  Two scenarios for 
the presence of TB 3.2 to 
coincide with the top of 
NN11A strongly noted in 
KBB-3 compared with 
presumed absence in 
KBB-1 and KBB-2, 5840ft 
is suggested.  This top 

3625-6115ft 
Base of Slope 
6400-10405ft 
Base of Slope-
?Basinal 
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pick is close to the base of 
NN11B / top of NN11A 
and would fit better with 
the SN16 range noted 
between 5560-6070ft.  
Palyn P710 extends down 
to 6010ft, which would fit 
this scenario.  A deeper 
pick could also be 
suggested at 6150ft which 
would be out of sync with 
the current P630 top at 
6130ft, although originally 
would have been part of 
?P710 from 6130-6415ft.     

TB 3.1 6510-7510ft Moderate.  Palyn P630 
from 6130-7525ft supports 
TB 3.1 throughout.  
?NN10 at 6610-6625ft and 
NN9B from 6640-7720ft 
also supports.  Broad 
range of SN16 from 5560-
6070 is too shallow to 
offer any further support 
although Micro spot ages 
support taxa not older than 
SN14 (not older than 
upper TB 2.6) down to 
7540ft, roughly coincident 
with this proposed break.    

Base of Slope-
?Basinal 
 

TB 2.6 7510-10480ft (TD) 
(TB 2.6-TB 2.5 
undifferentiated) 

Moderate.  Palyn P620 
from 7720-8815ft and 
P610 from 9130-10405ft 
both suggest upper TB 2.6 
and lower TB 2.6-TB 2.5 
sequences have been 
respectively penetrated.  
This is supported by 
NN9A from 7825-10003ft, 
the latter depth being a 
SWC with reasonable 
Nanno recovery. 

Base of Slope-
?Basinal 

TB 2.5 Not determinable See risks associated with 
TB 2.5.  No differentiation 
available for TB 2.6-TB 
2.5 interval. 

 

TB 2.4 Not penetrated   
 
 Table 7.6 Biostratigarphy T – sequence picks of KBB3 (Osterloff, 2004). 
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Figure 8.1 GMS core section (2628.3 to 2628.4 metres; 8621 to 8621.3 feet) 

displaying laminated sandstone bed (Sl facies; photos provided by CoreLab, 

Malaysia; white (left) and UV (right) light). 
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Figure 8.2 GMS core section of white and UV light (2540.0 to 2540.3 metres; 

8331.3 to 8332.2 feet) displaying mudstone (Mm), laminated sandstone (Sl), 

interbedded sandstone and mudstone (Si), rippled sandstone (Srx) and 

laminated sandstone with trace fossils beds (Sl(t); photos provided by 

CoreLab, Malaysia). 
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Figure 8.3 KME core section (2404.1 to 2404.3 metres; 7885.3 to 7886.25 

feet) displaying laminated sandstone (Sl) and laminated sandstone with trace 

fossils (Sl(t)) beds (photos provided by CoreLab, Malaysia). 

Sl 
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Figure 8.4. GMS core section (2630.2 to 2630.3 metres; 8627.1 to 8627.5 feet) 

demonstrates Tb-Td sequences representing a base of the Kam fan (photos 

provided by CoreLab). 
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Figure 8.5 GMS core section (2615.6 to 2615.9 metres; 8579.3 to 8580.0 feet) 

demonstrating the Sw facies-Tb sequence of the middle part of the Kam fan 

(photos provided by CoreLab, Malaysia). 
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Figure 8.6 KME core section  (2409.3 to 2409.5 metres; 7902.65 to 7903 feet) 

displaying Td-Te sequence of the Kam fan (photos provided by CoreLab, 

Malaysia). 

Td 

Te 



                                                                                                             CHAPTER 8 – KAM FAN 
 

 139 

 
 
Figure 8.7 Samples from 2534.0 metres (8321.3 feet) of GMS field. Cross 

nicol photo of thin section. Field of view (FOV) = 1.10 millimetre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 8.8 Fully classified image of figure 8.7 mQ: monoquartz, pQ: 

polyquartz, mQt: metaquarzite, C: chert, Ca: carbonaceous material, O: quartz 

overgrowth, In: intergranular porosity, It: intragranular porosity and Fr: 

fracture porosity. 
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Figure 8.9 QFR plot for GMS samples. Blue squares represent Kam fan and 

Pink squares represent Pink fan. The Kam fan sands that were examined fall 

within sublitharenite and quartzarenite fields and the Pink fan sands fall within 

quartzarenite field. 
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Figure 8.10 Samples from 2436.7 metres (7922.3 feet) of KME field. Cross 

nicol photo of thin section. Field of view (FOV) = 1.10 millimetre. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 8.11 Fully classified image of figure 8.10 mQ: monoquartz, pQ: 

polyquartz, mQt: metaquarzite, C: chert, Ca: carbonaceous material, O: quartz 

overgrowth, Pl: Plagioclase, Kf: K-feldspar, Bm: brittle MRF’s, Dm: dutile 

MRF’s, Cl: clay lining, In: intergranular porosity, It: intragranular porosity 

and Fr: fracture porosity. 
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Figure 8.12 QFR plot for KME samples representing the Kam fan. The sands 

examined mostly fall within sublitharenite field. 
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Figure 8.13 QFR provenance plot for KME samples representing the Kam fan. 

The sands examined mostly fall within the Recycled Orogen Provenance. 
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Figure 8.14 Samples from 2179.9 metres (7150.1 feet) of KMEUC field. Cross 

nicol photo of thin section. Field of view (FOV) = 1.10 millimetre. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOV = 1.10 mm 
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Figure 8.15 Fully classified image of figure 8.14 mQ: monoquartz, pQ: 

polyquartz, mQt: metaquarzite, C: chert, Ca: carbonaceous material, O: quartz 

overgrowth, Pl: Plagioclase, Kf: K-feldspar, Cl: clay lining, In: intergranular 

porosity, It: intragranular porosity and Fr: fracture porosity. 
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Figure 8.16 QFR plot for KMEUC samples representing the Kam fan. The 

sands examined fall within sublitharenite and subarkose fields. 
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Figure 8.17 QFR provenance plot for KMEUC samples representing the Kam 

fan. The sands examined fall within Recycled Orogen and Continental Block 

Provenance.  
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Figure 8.18 Sample from 2537.0 metres (8321.3 feet) of GMS field. Kf: K-

feldspar, Q: quartz, K: koalinite, I: illite and P: intragranular porosity. 
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Figure 8.19 Sample from 2537.0 metres (8321.3 feet) of GMS field. S: 

smectite, B: biotite, Py: pyrite and G: intergranular porosity. 

 

S 

B 

Py 

S 

G 



                                                                                               CHAPTER 8 – KAM FAN 
 

 152 

 
 
 

 
 
Figure 8.20 Sample from 2435.1 metres (7987 feet) of KME field. Q: quartz, 

I: illite and P: intragranular porosity. 
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Figure 8.21 Sample from 2179.5 metres (7148.6 feet) of KMEUC field. Q: 

quartz, I: illite and green arrow: grain fractures. 
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Figure 8.22 Sample from 2179.5 metres (7148.6 feet) of KMEUC field. Q: 

quartz, I: illite, K: kaolinite and P: intragranular porosity. 
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Figure 8.23 Sample from 2179.5 metres (7148.3 feet) of KMEUC field. Q: 

quartz, I: illite and P: intergranular porosity. 
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Figure 8.24 IGV plot for KME samples representing the Kam fan. The sands 

examined are dominated by compaction processes. 
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Figure 8.25 IGV plot for KMEUC samples representing the Kam fan. The 

sands examined are dominated by compaction processes. 
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Figure 8.26 Wire-line log of GMS field penetrating both Pink and Kam fans. 
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Figure 8.27 KME wire-line log plots. Black dots refer to plugs taken from 

cores. 
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Figure 8.28 QFR provenance plot. Pink squares represent Pink fan and blue 

squares represent Kam fan. The Kam fan sands that were examined fall within 

the Recycled Orogen and Continental Block Provenance whereas the Pink fan 

sands fall within the Continental Block Provenance. 
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Figure 8.29 IGV plot. Pink squares represent Pink fan and blue squares 

represent Kam fan. The Kam and Pink fans sands are dominated by 

compaction processes. 
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DEPTH (M) DEPTH (FT) ESTIMATED POROSITY (%)

2534.2 8312.3 34.6

2536.7 8320.25 28.3

2536.9 8321 21.8

2537 8321.3 29.4

2537.7 8323.5 28.9

2538.4 8326.1 29.1

2538.6 8326.5 27.7

2542 8337.9 28.3

2542.5 8339.5 26.4  
 
Table 8.1 CAP estimated total porosity for GMS (Kam fan) samples. 
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DEPTH (M) DEPTH (FT) ESTIMATED POROSITY (%)

2415.5 7922.3 24.4

2425.7 7956.3 20.4

2430.3 7971.3 13.4

2454 8049 21.9

2461.7 8074.4 33.3  
 
Table 8.2 CAP estimated total porosity for KME samples. 
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DEPTH (M) DEPTH (FT) ESTIMATED POROSITY (%)

2179.3 7148.2 33.9

2179.6 7149 38.1

2179.9 7150.1 35

2180.5 7152.1 41  
 
Table 8.3 CAP estimated total porosity for KMEUC samples. 
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  Whole Rock Mineralogy         Relative Clay Abundance 

  (Weight %)         (Normalized to 100%) 

Depth Qtz Plg K-Feld Cal 
Fe- 
Dol Si Py illite kaol chl smec 

Illite &  
Mica Kaol Chl Illite / 

(feet)                             Smec * 

8307.90 87 4 2 0 0 0 2 0 0 0 0 32 29 16 23 

8312.30 89 4 2 0 0 1 0 0 0 0 0 27 31 14 28 

8320.75 78 6 2 0 0 1 1 0 0 0 0 32 17 18 33 

8321.00 83 5 4 0 0 0 2 0 0 0 0 27 24 23 26 

8321.30 89 5 2 0 0 0 0 0 0 0 0 28 28 13 31 

8322.10 91 3 2 0 0 0 0 0 0 0 0 29 27 17 27 

8323.50 90 4 2 0 0 0 0 0 0 0 0 29 25 11 35 

8326.10 87 5 2 0 0 0 1 0 0 0 0 30 23 18 29 

8326.50 89 3 2 0 0 1 1 0 0 0 0 32 24 13 31 

8335.1 (1) 86 2 2 0 0 0 2 0 0 0 0 41 21 19 19 

8337.60 84 5 2 0 0 0 2 0 0 0 0 35 18 18 29 

8337.90 93 2 1 0 0 0 1 0 0 0 0 35 21 13 31 

8339.50 81 7 2 0 0 0 1 0 0 0 0 34 20 19 27 

8585.10 89 3 3 0 0 0 1 0 0 0 0 33 16 14 37 

8589.70 89 5 2 0 0 0 0 0 0 0 0 32 21 15 32 

8591.80 86 3 4 0 2 0 1 0 0 0 0 33 20 14 33 

8593.10 91 2 3 0 1 0 0 0 0 0 0 29 21 14 36 

8595.20 93 2 1 0 1 0 0 0 0 0 0 28 21 16 35 

8596.6 (1) 92 1 1 0 2 0 1 0 0 0 0 49 21 18 12 

8621.10 87 2 1 0 0 0 3 0 0 0 0 41 18 20 21 

8623.70 88 4 2 0 0 0 1 0 0 0 0 32 21 16 31 

8624.50 72 9 3 0 0 1 1 0 0 0 0 38 15 15 32 

8624.85 82 6 3 0 Tr Tr 1 0 0 0 0 33 20 17 30 

8625.20 81 7 2 0 0 1 1 0 0 0 0 34 16 21 29 

627.05 89 2 3 0 0 0 1 0 0 0 0 29 19 19 33 

 
Table 8.4 XRD results for GMS samples. Analysis done by CoreLab. 
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wt%    mixed layer Plag      
 illite kaol Chlorite Smectite Kfeld Albite Qtz dolomite Calcite Pyrite  
7882.5 7.4 1.4 0.7 6.4 2.4 5.9 74.9 0.0 0.9 0.0 100.0 
7900.6 4.4 0.8 0.3 2.1 3.1 3.0 86.2 0.0 0.0 0.0 100.0 
7917.4 4.4 0.9 0.5 5.3 2.9 6.6 79.4 0.0 0.0 0.0 100.0 
7930.5 5.7 0.9 0.5 3.3 1.7 6.3 81.6 0.0 0.0 0.0 100.0 
7960.8 14.4 2.2 1.3 7.6 3.4 9.9 61.2 0.0 0.0 0.0 100.0 
7966.8 7.0 1.4 0.7 3.1 1.9 4.7 81.2 0.0 0.0 0.0 100.0 
8066.0 4.4 0.8 0.5 1.5 2.7 6.7 83.3 0.0 0.0 0.0 100.0 
8077.7 3.5 0.9 0.5 1.6 2.3 3.1 86.7 0.5 0.9 0.0 100.0 
8086.9 7.3 0.9 0.7 3.3 2.9 4.3 80.6 0.0 0.0 0.0 100.0 
8087.0 7.1 1.0 0.8 3.3 3.0 8.6 76.1 0.0 0.0 0.0 100.0 
8106.0 10.9 1.1 1.3 7.0 9.9 4.4 64.5 0.0 0.0 1.0 100.0 
8129.1 3.9 1.6 0.5 1.4 3.0 3.4 85.8 0.0 0.0 0.4 100.0 
8132.1 2.1 8.5 0.8 0.5 2.8 5.5 79.0 0.0 0.8 0.0 100.0 
mean 6.4 1.7 0.7 3.6 3.2 5.6 78.5 0.0 0.2 0.1 100.0 
 
Table 8.5 XRD results for KME samples. Analysis done by CoreLab. 
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wt%    mixed layer Plag      
 illite kaol Chlorite Smectite Kfeld Albite Qtz Siderite Calcite Pyrite  
7151.1 3.2 1.0 1.2 2.2 2.9 2.3 86.7 0.0 0.0 0.6 100.0 
7152.1 3.8 1.4 1.7 1.8 1.3 2.9 86.7 0.0 0.0 0.4 100.0 
7150.1 4.3 1.4 2.1 2.4 2.2 2.8 84.3 0.2 0.0 0.4 100.0 
7145.3 4.9 1.1 1.7 2.9 2.1 2.7 84.5 0.0 0.0 0.0 100.0 
7148.2 4.1 1.9 1.6 3.1 2.9 2.2 83.8 0.0 0.0 0.4 100.0 
7153.1 5.4 1.6 2.3 2.8 1.8 3.5 82.1 0.2 0.0 0.3 100.0 
7145.2 5.9 2.3 2.5 4.0 1.7 4.1 79.0 0.2 0.0 0.3 100.0 
7149.0 7.8 3.7 3.8 4.7 1.6 3.4 74.2 0.2 0.0 0.6 100.0 
mean 4.9 1.8 2.1 3.0 2.1 3.0 82.7 0.1 0.0 0.4 100.0 

 
Table 8.6 XRD results for KMEUC samples. Analysis done by CoreLab. 
 
 



                                                                                                   CHAPTER 8 – KAM FAN 
 

 168 

T-
sequence 

Depth Range             Comment Water Depth/ 
Dep. Setting 

TB 3.3 Not determinable   
TB 3.2 7320-7850ft Weak.  Top of sequence 

inferred from KME-1 
main-hole. 

Palyn suggest in 
association with KME-1 
data that P630 is already 
penetrated at 7320ft (dc) 
support assignment to TB 
3.1).  This is in contrast 

with Nanno which 
suggest NN11B from 

7745-8115.5ft and 
NN11A (upper TB 3.2 - 
uppermost TB 3.1) from 
8120-8534ft.  However, 

the presence of ?NN10 at 
8534ft as an alternative 

age assignment may 
suggest TB 3.1 has been 

penetrated. 

7510-7610ft 
?Basinal 

7710-8675ft 
Basinal 

TB 3.1 7850-8675ft (TD) Weak.  Palyn P630 from 
7320-8675ft (dc).  Nanno 
?NN10 as alternative age 
determination at 8534ft 
would support TB 3.1).  

No NN9 recorded to 
support lower TB 3.1 

penetration.  Micro does 
not offer help. 

7710-8675ft 
Basinal 

TB 2.6 Not penetrated   
 
Table 8.7 T – sequence picks of KME field (Osterloff, 2004). 

 



                                                                                             CHAPTER 8 – KAM FAN 
 

 169 

T-
sequence 

Depth Range Risk Commentary Water Depth/ 
Dep. Setting 

TB 3.6 Not determinable   
TB 3.5 5390-5630ft Moderate.  Micro offers long 

ranging SN19-SN17 from 
5390-7820ft, which would 
support TB 3.6-TB 3.4.  
Palyn P730-?P720 supports 
the same age range from 
5390-6350ft.  Nanno NN14 
would normally ascribe a TB 
3.5 / Tb 3.4 boundary age so 
its range from 5390-5630ft is 
within reason. 

5390-6590ft Base 
of Slope 

TB 3.4 5630-6050ft Weak.  NN13 from 5780-
5900ft would suggest 
penetration of TB 3.4.  
Within range of both broad 
Micro and Palyn ages as 
given above. 

5390-6590ft Base 
of Slope 

TB 3.3 6050-6590ft Weak.  Top NN11 at 6050ft 
suggests TB 3.3 has been 
penetrated.  This is weakly 
supported by the continued 
presence of P730-?P720 
down to 6350ft and top P710 
at 6590ft.  As above, within 
range of broad SN19-SN17 
zonal assignment. 

5390-6590ft Base 
of Slope 

TB 3.2 6590-7892ft (TD) Moderate.  Top NN11A at 
6590ft would support 
penetration of TB 3.2, 
supported by continued 
presence of P710 down to 
7820ft.  Again as with other 
wells, NN10 is noted from 
7460-7820ft conflicting with 
the absence of P630, in this 
instance D. neohamatus has 
been used as a proxy species 
in the absence of D. bollii, 
which was not recovered. The 
presence of NN10 may not be 
accurately determined and in 
fact may not have been 
penetrated supporting a TD 
with TB 3.2. 

6800-7820ft Base 
of Slope-Basinal 

TB 3.1 Not penetrated   
 
Table 8.8 T – sequence picks of KMEUC field (Osterloff, 2004). 
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Figure 9.1 SF, KBB, KME, KMEUC and GMS fields location map. 
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Figure 9.2 Palaeogeography of the Pink fan: Depositional model of proximal 

toe of slope fan (Chisholm, 2004). 
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Figure 9.3. Biostratigarphy (T-sequence) calibration for GMS field (Osterloff, 
2004). 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figue 9.3 Biostratigraphy (T-sequence) calibration for GMS field (Osterloff, 

2004). 
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Figure 9.4 GMS cores, which represents the Pink fan (2438.4 to 2448.6 

metres; 7998.0 to 8031.5 feet).  
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Figure 9.5 GMS cores between 2494.8 and 2496.6 metres (8183.0 and 8189.0 

feet) showing Sm, Srx and Sm(t) facies. 
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Figure 9.6 GMS cores from the depth of 2492.1 to 2493.9 metres (8174.0 to 

8180.0 feet) displaying Sw, Sw( c ) and Sm facies. 
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Figure 9.7 GMS core with the depth of 2491.2 to 2490.9 metres (8171.0 to 

8174.0 feet) showing Sl and Si facies. 
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Figure 9.8 GMS core section of 2490.2 to 2491.2 metres  (8168.0 to 8171.0 

feet )showing Si, Sl, Sm(t) and Sw facies. 
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Figure 9.9 GMS core section of 2440.2 to 2441.2 metres (8004.0 to 8007.0 

feet) displaying Sl and Sm(p) facies. 
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Figure 9.10 GMS core section of 2488.8 to 2489.1 metres (8163.3 to 8164.1 

feet) displaying Tb, Td and Sw facies.  
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Figure 9.11 Sample from 2444.4 metres (8017.5 feet). Cross nicol photo of 

thin section. Field of view (FOV) = 1.10 millimetre. 
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Figure 9.12 Fully classified image of figure 9.11 mQ: monoquartz, pQ: 

polyquartz, mQt: metaquarzite, C: chert, Ca: carbonaceous material, O: quartz 

overgrowth, In: intergranular porosity, It: intragranular porosity and Fr: 

fracture porosity. 
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Figure 9.13 QFR plot base on CAP results. The sands examined fall within 

quartzarenite field. 

 
 
 

 



                                                                                              CHAPTER 9 – PINK FAN 
 

 183 

 
 
Figure 9.14 Sample from 2490.0 metres (8167.1 feet). Q: quartz and P: 

intergranular porosity. 
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Figure 9.15 Sample from 2490.0 metres (8167.1 feet). Q: quartz, P: 

intergranular porosity, I: illite, S: smectite and IS: illite/smectite. 
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Figure 9.16 Stratigraphic Scheme (Osterloff, 2004). 
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Figure 9.17 GSM core (2442.5 to 2442.7 metres; 8011.4 to 8012 feet) displays 

Ophiomorpha. 

Ophiomorpha 
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Figure 9.18 GMS core (2488.3 to 2488.4 metres; 8161.8 to 8162.1 feet) shows 

Scolicia. 

Scolicia 
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DEPTH (M) DEPTH (FT) ESTIMATED TOTAL POROSITY (%)

2444.2 8017.1 22

2444.4 8017.5 30.7

2445.3 8020.7 34.6

2485.6 8152.7 32.3

2489 8164 23.6

2490 8167.1 26.6

2490.5 8168.9 25.4

2490.9 8170.3 22.8

2491.2 8171.1 30.3  
 

Table 9.1 Pink fan CAP estimated total porosity. 
 
 



                                                                                                     CHAPTER 9 – PINK FAN 
 

 189 

  Whole Rock Mineralogy         Relative Clay Abundance 

  (Weight %)         (Normalized to 100%) 

Depth Qtz Pla K-Feld Cal 
Fe- 
Dol Si Py illite kaolinite chlorite smectite Illite & Mica Kaolinite Chlorite Illite / 

(feet)                       Smectite * 

                             

8016.10 93 1 2 0 0 0 1 1.05 0.48 0.45 1.02 35 16 15 34 

8017.10 88 3 2 0 0 0 1 2.22 0.9 1.02 1.86 37 15 17 31 

8017.50 91 2 2 0 0 0 2 1.2 0.36 0.54 0.9 40 12 18 30 

8018.10 92 2 2 0 0 0 1 1.05 0.42 0.54 0.99 35 14 18 33 

8020.70 92 2 2 0 0 0 1 1.02 0.57 0.48 0.93 34 19 16 31 

8152.70 92 3 2 0 0 0 0 0.93 0.6 0.51 0.96 31 20 17 32 

8164.00 90 3 3 0 0 0 1 1.05 0.63 0.45 0.87 35 21 15 29 

8167.10 87 4 3 0 0 0 1 1.65 0.95 1 1.4 33 19 20 28 

8168.90 86 6 2 0 0 0 0 2.1 1.14 0.96 1.8 35 19 16 30 

8169.50 89 4 2 0 0 0 0 1.8 0.85 0.9 1.45 36 17 18 29 

8170.30 92 3 2 0 0 0 0 0.9 0.66 0.63 0.81 30 22 21 27 

8171.10 91 3 2 0 0 0 1 0.87 0.75 0.6 0.78 29 25 20 26 

8173.80 92 2 1 0 0 1 1 1.08 0.63 0.48 0.81 36 21 16 27 

8180.10 91 3 2 0 0 0 0 1.32 0.8 0.72 1.16 33 20 18 29 

8183.9 (1) 91 2 1 0 0 0 1 1.8 1.25 1.25 0.7 36 25 25 14 

8187.00 87 4 2 0 0 0 2 1.7 1 0.95 1.35 34 20 19 27 

 
Table 9.2 XRD results for GMS samples for the Pink fan. 
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T-sequence Depth Range Risk Commentary Water Depth/ 
Dep. Setting 

TB 3.2 6520-8108ft Moderate.  Palyn P711 Warm from 7420-
7550ft (dc) and Cold 7600-8050ft (dc) 
both suggest the continuance of TB 3.2 to 
at least 8050ft.  This is supported by the 
subdivision between NN11A and NN10 at 
8050ft suggesting the top of TB 3.1 has 
been penetrated around this depth (within 
sands so could be reworked).  Micro 
?SN17 cited from 7420ft is based on 
negative evidence, i.e. the down-hole 
absence of G. lenguaensis, which is 
picked up from 7825ft (dc) and confirms 
the presence of TB 3.2.      

7420-7870ft 
Slope 

TB 3.1 8108-10920ft 
(TD) 

Good.  Palyn P630 is clearly defined from 
8140ft (dc).  NN10 from 8050ft is within 
range, ?NN9B at 8530ft (dc) may be 
reworked, whereas a possible in situ 
NN9B at 9490.0ft (SWC) confirms the 
penetration of lower TB 3.1.  This is 
supported in turn by the FDO of G. 

siakensis, which defines the lowermost 
TB 3.1 Microzone SN15.  The coincident 
shift at 9520ft (dc; or possibly one sample 
higher at 9430ft; dc) from P630 Warm to 
P630 Cold may support the change from 
intra- to lower TB 3.1, and the most likely 
top of the Kinarut LST fans.  The 
presence of a single horizon of C. coalitus 
at 10105ft (dc) suggesting NN9A is 
believed to be related to reworking.  There 
are no further incidences down to TD, nor 
any collusion from Palyn (no P620) or 
Micro (no SN14 or SN13), although both 
the latter zones can be defined in the hole, 
but for reasons given in Section 3.4 are 
believed to represent reworking terraces.  
From 10420-10555ft (dc) ?P630 
continues to suggest a likely TD within 
TB 3.1, although the lowermost part of 
the well is designated as Non-diagnostic 
due to the very low numbers of recovered 
palynomorphs.  

7915-8710ft 
Base of Slope 
8800-9340ft 
?Base of Slope 
9430-10920ft 
Base of Slope 
 

TB 2.6 Not penetrated   
 
Table 9.3 T-sequence summary for GMS core (Osterloff, 2004). 
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T-
sequence 

Depth 
Range 

Comment Water Depth/ 
Dep. Setting 

TB 3.2 6520-
8108ft 

Moderate.  Palyn P711 Warm from 7420-
7550ft (dc) and Cold 7600-8050ft (dc) both 
suggest the continuance of TB 3.2 to at 
least 8050ft.  This is supported by the 
subdivision between NN11A and NN10 at 
8050ft suggesting the top of TB 3.1 has 
been penetrated around this depth (within 
sands so could be reworked).  Micro ?SN17 
cited from 7420ft is based on negative 
evidence, i.e. the down-hole absence of G. 

lenguaensis, which is picked up from 
7825ft (dc) and confirms the presence of 
TB 3.2.      

7420-7870ft 
Slope 

TB 3.1 8108-
10920ft 

(TD) 

Good.  Palyn P630 is clearly defined from 
8140ft (dc).  NN10 from 8050ft is within 
range, ?NN9B at 8530ft (dc) may be 
reworked, whereas a possible in situ NN9B 
at 9490.0ft (SWC) confirms the penetration 
of lower TB 3.1.  This is supported in turn 
by the FDO of G. siakensis, which defines 
the lowermost TB 3.1 Microzone SN15.  
The coincident shift at 9520ft (dc; or 
possibly one sample higher at 9430ft; dc) 
from P630 Warm to P630 Cold may 
support the change from intra- to lower TB 
3.1, and the most likely top of the Kinarut 
LST fans.  The presence of a single horizon 
of C. coalitus at 10105ft (dc) suggesting 
NN9A is believed to be related to 
reworking.  There are no further incidences 
down to TD, nor any collusion from Palyn 
(no P620) or Micro (no SN14 or SN13), 
although both the latter zones can be 
defined in the hole, but for reasons given in 
Section 3.4 are believed to represent 
reworking terraces.  From 10420-10555ft 
(dc) ?P630 continues to suggest a likely TD 
within TB 3.1, although the lowermost part 
of the well is designated as Non-diagnostic 
due to the very low numbers of recovered 
palynomorphs.  

7915-8710ft 
Base of Slope 
8800-9340ft 
?Base of 
Slope 
9430-10920ft 
Base of Slope 
 

TB 2.6 Not 
penetrated 

  

 
Table 9.3 T-sequence summary for GMS cores (Osterloff, 2004). 
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Figure 10.1 Idealised external and internal geometries that characterized 

seismic facies (Prather et al., 1998a). 
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Figure 10.2 Shelf margin seismic facies classification scheme (Jong and 

Abbott, 2003). 
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Figure 10.3 Types of terminations, (a) toplap, (b) truncation, (c) onlap, and (d) 

downlap. (a-b) are upper boundaries and (c-d) are lower (Randen, 

unpublished). 
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Figure 10.4 Interpreted part of the W 35 seismic line on the lower rise (Donda 

et al., 2003). 
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Figure 10.5 Key seismic section across SF field (SF-30). Dark blue line 

represents the base of the canyon. 

a 
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Figure 10.6 This figure is taken from figure 10.5 marked a. There are three 

facies recognized based on Prather et al. (1998a) classification scheme that are 

E, D and Cbh facies (Table 10.1). 

 

Cbh 

D 

E 
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Figure 10.7 Key seismic section across KBB2 field. The top Kin fan (dark 

blue line) overlies the base Kin fan (aqua blue line). 

 

a 
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Figure 10.8 This figure is taken from figure 10.7 marked a. There are four 

facies recognized in the KBB2 based on Prather et al. (1998a) classification 

scheme that are E, D, Cth and Ctl facies (Table 10.1). 

 

Cth 

Ctl 

D 

E 
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Figure 10.9 Key seismic section across KBB3 field. The top Kin fan (dark 

blue line) overlies the base Kin fan (aqua blue line). 

 

a 
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Figure 10.10 This figure is taken from figure 10.9 marked a. There are four 

facies recognized based on Prather et al. (1998a) classification scheme that are 

E, D, Cth and Cbh facies (Table 10.1). 

 

D 

E 

Cth 

Cbh 
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Figure 10.11 Key seismic section across GMS field, which is referred to in the 

figure above as GMS 1BS1. Pink line represents the Pink fan, which is 

overlain by base Lingan fan (orange line) and underlain by top Kam fan (blue 

line). Underlying the top Kam fan is the base of Kam fan (green line). 

 

a b 

c d 
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Figure 10.12 This figure is taken from figure 10.11 marked c. There is one 

facies recognized based on Prather et al. (1998a) classification scheme that is 

Cth facies (Table 10.1). 

Cth 
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Figure 10.13 This figure is taken from figure 10.11 marked e. There are two 

facies recognized based on Prather et al. (1998a) classification scheme that are 

Cbh and Bh(?) facies (Table 10.1). 

 

Cbh 

Bh? 
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Figure 10.14 Key seismic section across KME field, which is referred to in the 

figure above as KME 1S1. Pink line represents the Pink fan, which overlies 

top Kam fan (blue line). Underlying the top Kam fan is the top Kin fan (dark 

blue line). 

 

a 
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Figure 10.15 Key seismic section across KMEUC field, which is referred to in 

the figure above as KMEUC 1. Pink line represents the Pink fan, which 

overlies base Kam fan (green line). Underlying the base Kam fan is the top 

Kin fan (dark blue line). 

 

a 
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Figure 10.16 This figure is taken from figure 10.14 marked a. There are three 

facies recognized based on Prather et al. (1998a) classification scheme that are 

Cbh, Cth and Ctl facies (Table 10.1). 

Ctl 

Cth 
Cbh 

Cbh 
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Figure 10.17 This figure is taken from figure 10.15 marked a. There are four 

facies recognized based on Prather et al. (1998a) classification scheme that are 

Cbh, Cbl, Cth and Ctl facies (Table 10.1). 

 

Cbh 

Cbl 

Ctl 

Cth 
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Figure 10.18 This figure is taken from figure 10.11 marked a. There are three 

facies recognized based on Prather et al. (1998a) classification scheme that are 

Cth, Ctl and Cbh facies (Table 10.1). 

 

Cth 
Ctl 

Cbh 
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Figure 10.19 This figure is taken from figure 10.11 marked b. There is two 

facies recognised based on Prather et al. (1998a) classification scheme that are 

Cth and Cbh facies (Table 10.1). 

 

Cth 

Cbh 
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Table 10.1 Summary of Key Observations (Prather et al., 1998a). 
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Table 10.2 Deepwater classification template (Asyee, 1999). 
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Figure 11.1 Conceptual block diagrams of the lowstand systems tract: (A) 

lowstand fan, and (B) early lowstand wedge (channel-levee complex; 

Posamentier et al., 1991). 
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Figure 11.2 General stratigraphic stacking model of the outcrop.  
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Figure11.3 Diagram illustrates possible lowstand systems tract (LST) model of 

the outcrop. 

SEA LEVEL 

LST SUBMARINE 

FAN 

LST WEDGE 



LST SUBMARINE FAN 

SEA LEVEL 

FSST DEPOSITS 

Figure 11.4 Diagram illustrates possible lowstand systems tract 
 
 (LST) model for SF field. 
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SEA LEVEL 

LST SUBMARINE FAN 

Figure 11.5 Diagram illustrates possible lowstand systems tract  
 
(LST) for the deep water areas. 
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Figure 11.6 General stratigraphic stacking model for Kin fan. 
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Figure 11.7 General stratigraphic stacking model for Kam fan. 
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Figure 11.8 General stratigraphic stacking model for Pink fan. 

219 



                                                                                     CHAPTER 11 - DISCUSSION 

 220 

 
 
 
Figure 11.9 Depositional model of submarine fan, showing typical 

stratification sequences for each of the major elements (Walker, 1976). 
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Figure 11.15 Abyssal cone submarine model. 
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Table 11.1 Sedimentological and petrophysical characteristics of exposed 

basin-floor fan and slope fan deposits, Mount Messenger Formation, north 

Taranaki (Browne et al., 2000). 
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Sample 

 No  
Zircon 

% 

Rutile 

% 

Tour-

maline 

% 

Chl 

% 

Garnet 

% 

Bio-

tite 

% 

Horn- 

blende 

% 

Silli- 

manite 

% 

Stauro

-lite 

% 

Epidote 

% 

Glau-

conite 

% 

Spinel 

% 

SF 
 3046.9  58.0 1.3 35.3 1.3 2.8 0.0 0.5 0.0 0.8 0.0 0.0 0.3 

SF  
3058  63.5 1.5 27.5 0.5 4.5 0.8 0.8 0.0 0.0 0.3 0.3 0.3 

KBB2 
 6739  58.0 1.3 28.0 4.8 6.8 0.5 0.8 0.0 0.0 0.0 0.0 0.0 
KBB2  
6740.9  52.3 4.8 28.8 8.0 4.5 0.3 1.3 0.0 0.0 0.0 0.3 0.0 
KBB3  
6895.5  47.8 5.3 22.8 11.3 8.5 3.0 0.5 0.0 0.0 0.0 0.3 0.3 
KBB3  
7152.3  50.3 4.0 26.0 11.5 5.5 2.0 0.0 0.0 0.0 0.0 0.3 0.5 
KME  

7922.5  38.5 2.3 35.0 16.3 1.8 2.3 1.8 0.0 0.3 0.5 0.3 0.0 
KME  

8073.9  64.1 1.6 20.3 3.1 7.8 0.0 0.0 0.8 0.0 1.6 0.0 0.8 
KMEU

C 
 7148.2  49.7 1.2 28.9 11.8 3.5 1.4 0.9 0.6 0.3 0.9 0.0 0.3 
KMEU

C  
7150.6  63.5 2.3 22.3 4.0 6.3 0.0 0.0 0.0 0.0 0.8 0.5 0.5 
GMS 

 8167.1  58.3 2.3 33.5 2.8 1.0 0.0 0.3 0.0 0.0 0.0 0.8 1.0 
GMS  

8321.3  61.9 1.4 32.2 2.1 1.7 0.3 0.0 0.0 0.0 0.0 0.3 0.0 
 
 
Table 11.2 Heavy minerals results in percentage based on 400 point counts. 
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Mm

Sm

Mm

Sm

Sm

Sm

Tc
Te

Te
Te

Te
Te

Te
Te

Te
Te

-15

-10

-5

0

M/s lense (1.5m, length).

Sample 1b.

Clastic (s/s) dyke (50cm 
(l), 15cm (t)). 

Almalgamated s/s (med. 
and fine grained) mostly 
fine grains.

Overloaded structure. 

Thinly laminated s/s and 
m/s on the top end of the 
bed.

s/s in filling the drapes.

Mud draps (~1m (l) and 
10cm (t)). 

Strike 40 degrees and dip 
46 degrees.

-15

-10

-5

0

-15.0

-10.0

-5.0

0 0
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Mudstone

Mudstone and Sandstone

Laminated Sandstone

Sandstone

Shale

Sandstone and Shale

Silty Sand

Sandstone / Siltstone

faint continuous horizontal lamination

lp parallel lamination

lp parallel lamination

gf normal grading/fining upward

w wavy ripples

glpi mudclast lag

Mm

Si

Sr

Sl

Sm

Te

Td

Tc

Tb

Ta

LITHO SEDIMENT STRUCTURE PHYSICAL STRUCTURES

FACIES BOUMA SEQUENCE DIAGENESIS

LOGGED BY: MAVISE SHARON NYIPONG

LOCATION: B

Depth
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Sediment Structure
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Sm

-185

-180

-185

-180

-185.0

-180.0
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Td

-175

Thin s/s beds (2-
5cm, thick) in btw 
the red and grey 
sh.

-175 -175.0
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Si

Td
Td

-170

-165

-170

-165

-170.0

-165.0
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Sm

Si

Sm

Mm

Sm

Mm

Si

Mm

Si

Td
Td

Td
Td

Te
Td

Te
Td

-160

Interbeds of s/s (~
5cm thick) and sh 
(~10cm thick, red 
and grey).

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Very thin m/s 
bands in btw s/s.

-160 -160.0
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Mm

Mm

Mm

Si

Mm

T
Te

Te
Te

Td
Te

-155

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

-155 -155.0
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Sl

Mm

Tb
Te

Te
Te

-150

-145

Samples 2p 
(143.75m) and 2q 
(148.5m). 

-150

-145

-150.0

-145.0
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Sl

Mm

Si

Te
Te

Te
Tb

Te
Td

-140

Interbeds of red 
and grey sh.

s/s beds thinning 
upwards. s/s bed 
at the bottom seq. 
is 30cm thick and 
the top seq. is 5 
cm thick.

-140 -140.0
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Mm

Sm

Mm

Sl

Mm

Sl

Mm

Sl

Mm

Sl

Mm

Sm

Mm

Te
Te

Tb
Te

Tb
Te

Tb
Te

Tb
Te

Te

-135

-130

Red and grey sh 
with interbeds 
very thin s/s beds 
(2cm thick).

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

-135

-130

-135.0

-130.0
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Sm

Mm

Sm

Mm

Sm

Mm

Sm

Mm

Si

Sm

Te
Te

Te
Te

Td

-125

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

Interbeds of s/s 
(20cm thick) and 
m/s (5cm thick).

Interbeds of red 
d h

-125 -125.0
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Mm

Sm

Mm

Mm

Te
Te

Te
Te

-120

-115

and grey sh.

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh. Kink 
fold at 118.8 m to 
119m.

-120

-115

-120.0

-115.0
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Sm

Mm

Si

Sm

Te
Te

Td

-110

Very thin grey sh 
bed at 111.6m

Interbeds of red 
and grey sh.

2 s/s beds (20cm 
thick) in btw red 
(15cm thick) and 
grey (5cm thick) 
sh.

Sample 2n 
(106.2m).

-110 -110.0
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Si

Td
Td

Td

-105

-100

Interbeds of very 
thin s/s (5cm 
thick) and red and 
grey sh (up to 1m 
thick).

-105

-100

-105.0

-100.0
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Sm

Mm

Td
Td

Te

-95

Interbeds of red 
and grey sh.

-95 -95.0
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Sm

Mm

Sm

Si

Mm

Si

Si

Te
Td

Te
Td

Td

-90

-85

Interbeds of red 
and grey sh.

Interbeds of very 
thin s/s (5cm 
thick) and red sh.

Red sh.

Interbeds of very 
thin s/s beds (5cm 
thick) and red sh.

Interbeds of very 
thin s/s beds (5cm 
thick) and red sh.

Interbeds of s/s 
(20cm thick) and 
red sh (20cm 
thick).

-90

-85

-90.0

-85.0
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Mm

Si

Sm

Mm

Td
Te

Td
Te

-80

Interbeds of red 
and grey sh.

Interbeds of red 
and grey sh.

-80 -80.0
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Si

Sm

Si

Mm

Td
Td

Te
Te

-75

-70

Interbeds of s/s 
(10cm thick) and 
m/s (10cm thick). 

Interbeds of s/s 
(10cm thick) and 
m/s (10cm thick). 
Sample 2m 
(74.8m).

-75

-70

-75.0

-70.0
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Si

Te
Td

-65

Interbeds of very 
thin s/s beds(2cm 
thick) and m/s. 
Sample 2l 
(65.2m).

Interbeds of s/s 
(10cm thick) and 
m/s (5cm).

Interbeds of very 
thin s/s beds (2cm 
thick) and m/s.

-65 -65.0
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Sm

Si

Mm

Si

Td
Td

Te
Td

Td
Td

-60

Interbeds of s/s 
(10cm thick) and 
m/s (5cm thick).

Interbeds of s/s 
(10cm thick) and 
m/s (5cm thick).

Interbeds of s/s 
(5cm thick) and 
m/s (3cm thick).

Interbeds of s/s 
(2cm thick) and 
red and grey sh.

s/s bed 1 (49.7-
50.8m).
s/s bed 2 ( a few 
beds with the 
tickness of 10cm 
from 50.8-51.8m)
Interbeds of s/s 
(5cm thick) and 
m/s btw 50.8-
53.1m.
Interbeds of red 
and grey sh at 
53.1-56.8m
Thin interbeds of 
silt/s and m/s at 
56.8-57.6m.
Sample 2k at 
51.5m

-60 -60.0
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Td
Td

-55

-50

s/s beds thinning 
upwards.Top bed 
1cm thick.

-55

-50

-55.0

-50.0
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Sm

Si

Sm

Td
Ta

-45

Drag marks.
1 s/s unit with 
load/scour marks.

-45 -45.0
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Si

Sm

Sl

Mm

Sm

Sm

Mm

Mm

Sm

Si

Sm

Sm

Mm

Sm

Si

Td
Ta

Tb
Te

Ta
Te

Te
Te

Td
Te

Te
Td

-40

-35

Thin interbeds of 
s/s and m/s (1-
2cm thick).
Ripple and 
laminated beds.

Interbeds of s/s 
(20cm thick, 
laminated) and 
m/s (1cm thick)

14 interbeds of s/s 
and silt/s.
Drag marks 
indicated on the 
s/s beds.

Fining upwards 
from fine grained 
s/s to silt/s.

Scoured base with 
m/s lenses.

Scoured base.

De-watering effect 
on the surface 
displays 
tectonic/earth 
quake events.
m/s clasts.

Interbeds of red 
sh and silt/s

Interbeds of m/s 
(5cm thick) and 
s/s (5cm thick).
Top bed consists 
of m/s (30cm 
thick) and folded, 
the east side 
show a small 
shear movement 
of 5 cm.

Interbeds of s/s 
(5cm thick) and 
m/s (5cm thick).
s/s beds at the 
bottom 20cm 
thick.
m/s lenses up to 
1m long and 10cm
wide.

-40

-35

-40.0

-35.0

Page 22



Mm

Mm

Sm

Mm

Sm

Si

Te
Te

Te
Td

Td

-30

Sample 2i at 
31.3m

Thin interbeds of 
s/s and red and 
grey sh.
Samples 2g 
(28.6m) and 2h 
(28.85m).

Thin interbeds of 
s/s and m/s.
Samples 2f at 
26.1m

-30 -30.0
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Sm

Si

Sm

Td
Td

Td

-25

-20

3 thick beds of s/s 
at 24.1m, 24.3m 
and 24.6m in btw 
m/s and thin beds 
of s/s.

Very thin 
interbeds of m/s 
(2cm thick) and 
s/s (2cm thick).
Bottom s/s bed 
laminated.

2 s/s beds break 
at 18.6m.
m/s clasts.
Sample 2e at 
19.5m

-25

-20

-25.0

-20.0
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Si

Sm

Si

Sl

Sr

Sl

Si

Sm

Sm

Sr

Si

Sm

Sm

Sm

Mm

Mm

Si

Td
Tb

Td
Tb

Tc
Tb

Td
Td

Tc
Td

Te
Ta

Te
Td

-15

Ripples (sparsely 
spread).

Ripples.

m/s clasts.

Ripples.

Very thin 
interbeds of m/s 
(2cm thick) and 
s/s (2cm thick).

Scoured surface.

Clasts consist of 
carbonaceous 
material.

Interbeds of s/s 
(10cm thick) and 
grey sh (10cm

-15 -15.0
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Mm

Si

Si

Si

Si

Sm

Sm

Te
Td

Td
Td

Td
Ta

-10

-5

grey sh (10cm 
thick).

Interbeds of red 
and grey sh.
Sample 2d at 
11m.

Interbeds of m/s 
(2cm thick) and 
s/s (5cm thick).

Interbeds of m/s 
(5cm thick) and 
s/s (5cm thick).

 Interbeds of m/s 
(5cm thick) and 
s/s (1cm thick).

 Interbeds of m/s 
(5cm thick) and 
s/s (5cm thick).

Scoured surface.
Sample 2b at 
4.1m

-10

-5

-10.0

-5.0
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Sl

Sl

Sm

Sm

Sm

Tb
Td

Tb
Ta

Tb
Tb

Ta

0

Scoured surface.

m/s clasts grey in 
colour.
Slightly scoured.
Sample 2a at 
0.7m

0 0 0
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Mudstone

Mudstone and Sandstone

Laminated Sandstone

Sandstone

faint continuous horizontal lamination

rc current ripple

lp parallel lamination

lp parallel lamination

d soft sediment deformation

w wavy ripples

glpi mudclast lag

Ml

Si

Sl

Sm

Te

Td

Tb

Ta

LITHO SEDIMENT STRUCTURE PHYSICAL STRUCTURES

FACIES BOUMA SEQUENCE DIAGENESIS

LOGGED BY: MAVISE SHARON NYIPONG

LOCATION: C

Depth

1m:20m

Sediment Structure

Grain Size
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Remarks

Litho

D
ep

th

D
ep

th

Sm

Si

Sm

Si

Sm

Td
Td

Massive s/s.
Sample 3a (8.8m).

Interbeds of s/s (1cm 
thick) and m/s (5cm 
thick).

Interbeds of s/s (1cm 
thick) and m/s (5cm 
thick).

15 s/s beds. Bottom s/s 
beds (10cm) thicker than 
upper seq. (5cm thick at 
7.2m).

Fault running through the 
bed.
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Sm

Sm

Sm

Sm

Ml

Sm

Sm

Sm

Sm

Si

Sm

Si

Sl

Si

Sl

Tb
Te

Tb
Te

Td
Ta

Td
Tb

Td
Tb

-5

0

Slightly laminated on the 
top seq.

Ripple at the bottom seq.

Mud clasts on top seq.

Highly deformed.

Scour/load features 
present.

Mud clasts on top seq.

Mud clasts.

Mud clasts size 15cm.

Mud clasts on top seq. 
Bioturbation at 3.99m

Mud clasts. 

Small m/s clasts. 

Presence of burrows at 
the top seq. 

6 s/s beds. Load 
structures present.

At the top seq. sea 
horizone diff. features 
with load structures.

Very thin interbeds, 1cm 
thick.

Laminated on top seq. 
btw 1.55-1.6m
Burrows present btw 1.7-
1.75m

Interbeds of m/s (5cm 
thick) and s/s  (3-4cm 
thick)
s/s laminated

Laminated with 
carbonaceous material.

-5

0

-5.0

0.0
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Mudstone and Siltstone

Mudstone

Mudstone and Sandstone

Laminated Sandstone

Sandstone

Shale

Siltstone

low angle cross bedding

faint continuous horizontal lamination

lp parallel lamination

lp parallel lamination

gf normal grading/fining upward

gc inverse grading/coarsening upward

glpi mudclast lag

dis sand dyke

Mm

Sil

Si

Sl

SmG

Sm

Te

Td

Tb

Ta

LITHO SEDIMENT STRUCTURE PHYSICAL STRUCTURES

FACIES BOUMA SEQUENCE DIAGENESIS

LOGGED BY: MAVISE SHARON NYIPONG

LOCATION: D

Depth

1m:20m

Sediment Structure

Grain Size
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Remarks

Litho

D
ep

th

D
ep

th

Sm

Si

Sm

SmG

Si

Sl

Sm

Td
Ta

Ta
Td

Tb

Thin interbeds of s/s (1cm) 
and m/s (dominant bed).

Drag marks (237 deg.) 
and load struc.

1 s/s bed only.

D k (256 d )
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Si

Mm

Sm

Sm

Sm

Sm

SmG

Sl

SmG

Si

SmG

Sm

Si

SmG

Mm

SmG

Td
Te

Te
Tb

Te
Ta

Tb
Ta

Td
Ta

Ta
Td

Ta
Te

Ta

-80

-75

Drag marks (256 deg.). 
Shally units on the top 
bed.

Silty bed (10cm) on the 
top bed.

Presence of carb. material 
on top of the bed.

Presence of carb. material 
on top of the bed. Drag 
marks (247 deg.).

Presence of carb. material 
on top of the bed with 
lamina. Sample 4d.

m/s clasts (~1 to 2 cm).

Interbeds of s/s (1cm) and 
m/s (dominant bed).

Presence of carb. material 
on top of the bed and flute 
marks.

Presence of carb. material 
and flute marks trend 330 
deg.

Interbeds of s/s (1 to 2 
cm) and m/s (dominant 
bed).

Load struc. with base 
trend of 240 deg.

Small load struc.

-80

-75

-80.0

-75.0
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SmG

SmG

Sm

Si

Sm

Sm

Si

Ta
Ta

Te
Td

Te
Td

Td

-70

Interbeds of s/s (1 to 10 
cm) and m/s (dominant 
bed). Presence of s/s 
dyke. Pic. 24.

-70 -70.0
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Sm

Sil

Sm

Si

Td
Td

Ta
Td

-65

-60

Laminated and cross 
bedded. Thin beds of s/s 
(1 to 5 cm).

Drag marks trend 347 
deg. Sample 4c. Rare m/s 
clasts on top of the bed.

8 interbeds (1 to 6 cm). 
Presence of load casts on 
s/s.

Small load casts at the 
base of the bed. m/s 
clasts on top of the bed.

-65

-60

-65.0

-60.0
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SmG

Mm

Sm

Si

Sm

SmG

Si

Ta
Te

Td
Ta

Td

-55

p

Dominant fine grains.

Only 1 s/s bed (5cm).

Dominant fine grains.

Presence of load struc., 
rare flutes (355 deg.).

s/s beds (30cm) in 
between m/s, Flat base.

Dominant fine grains.

-55 -55.0
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Sm

Sm

Sm

Mm

Te
Te

Te
Ta

-50

-45

Dominant fine grains.

Dominant fine grains.

Dominant fine grains.

Flute marks trend 320 
deg. s/s thickens as 
decending channel.

-50

-45

-50.0

-45.0
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Sm

Si

Sm

Si

Sm

Ta
Td

Ta
Td

-40

Very thin s/s beds (1cm).

Presence of load struc. 
carb. material and flute 
marks. Sample 4b.

Presence of load struc. 
and drag marks (0 to 010 
deg. N). s/s up to 4cm 
thick at the base and gets 
thinner upwards. Trails at 
the base.

Rare trails at the base. 
Flute marks trend 342 
deg.

Very thin s/s (1cm).

3 beds: bed 1(med. 
grains), bed 2 (med. 
grains) and bed 3 (med. to 
fine gains).

Dominant fine grains.

-40 -40.0
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Sm

Sm

Si

SmG

Sm

Si

Sm

Mm

Ta
Ta

Td
Ta

Ta
Td

Te

-35

-30

5 s/s beds with discont. 
m/s lenses. Presence of 
woody material and drag 
marks (285 deg.). 
Dominant fine grains.

Dominant fine grains.

Presence flute marks (295 
deg.). Dominant med. 
grains.

Presence of trails and 
burrows at the base of the 
bed. 15 s/s beds up to 5 
cm thick. Sharp loaded 
base.

Presence of drag marks 
trending 347 deg. and 323 
deg. (dominant) and small 
flute marks (040 deg./75 
deg. E).

Scoured base. Dominant 
fine grains.

Very thin interbeds of s/s 
(~1cm) and m/s (5cm).

Amalgamated. Dominant 
fine grains with minor 
med. grains.

Dominant fine grains.

-35

-30

-35.0

-30.0
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Sm

Mm

Sm

Mm

Sm

Ta
Te

Te

-25

Dominant fine grains with 
minor med. grains. 
Trending 358 deg. 
Scoured at the base.

Dominant fine grains.

m/s lense. Finner grained 
beds on the top of the seq. 
with m/s lenses.

Dominant fine grains.

Amalgamated s/s. 
Dominant med. grains and 
minor coarse grains.

-25 -25.0
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Sm

Mm

SmG

Sm

Si

Sm

Ta
Te

Ta
Te

Td

-20

-15

Scoured base. m/s clasts 
(17cm long) on top of bed. 
Sample 4a.

Dominant fine grains.

2 s/s beds: Bed 1 (40cm 
thick) and bed 2 (5cm 
thick).

Amalgamated. Dominant 
fine grains with minor 
med. grains.

Very thin beds 1cm thick.

Amalgamated. Dominant 
fine grains with minor 
med. grains.

-20

-15

-20.0

-15.0
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Sm

Si

Sm

Sm

Sm

Sm

Sm

Te
Td

Td
Te

Te
Te

-10

Very deformed bed with 
m/s clasts.

Interbeds of s/s (5cm) and 
m/s (5cm).

Dominant fine grains.

Amalgamated. Trend 342 
deg.

Amalgamated. Slinken 
side. Dominant fine grains 
with minor med. grains.

Dominant fine grains with 
minor med. grains.

Dominant fine grains.

Dominant fine grains with 
minor med. grains.

-10 -10.0
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Sl

Sm

Sm

SmG

Sm

Si

Sm

Tb
Tb

Ta
Te

Td

-5

Dominant fine grains.

Slinken side on the 
surface.

Very thin interbeds of s/s 
(1cm) and m/s (1cm).

Dominant fine grains.

Very thin interbeds of s/s 
(1cm) and m/s (1cm).

Dominant fine grains.

-5 -5.0
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35
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35.0
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40 40 40.0
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45
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45.0

50.0
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Sandstone and Shale lp parallel lamination

Si Td

LITHO SEDIMENT STRUCTURE PHYSICAL STRUCTURES

FACIES BOUMA SEQUENCE DIAGENESIS

LOGGED BY: MAVISE SHARON NYIPONG

LOCATION: E

Depth

1m:50m

Sediment Structure

Grain Size
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Remarks

Litho

D
ep
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D
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Td
Td

-80

Flute and trail marks visible.
Predominantly sh with thin beds 
of s/s (3-20cm thick).
s/s beds laminated with 
carbonaceous material.
1m consists of 9 beds of 
interbeded s/s (2cm thick) and 
sh (8cm thick).
Samples 5a (30m) and 5b 
(52.1m).
Strike/dip at the bottom of the 
bed 030/56 degrees.
Strike/dip of the whole seq. 
235/55, 235/23, 235/69, 235/56, 
235/82, 235/79, 235/81, 235/74, 
235/75, 235/84, 235/80, 235/76 
degrees.
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Fault Zone

Mudstone

Mudstone and Sandstone

Laminated Sandstone

Sandstone

Shale

Siltstone

faint continuous horizontal lamination

lp parallel lamination

lp parallel lamination

gf normal grading/fining upward

gc inverse grading/coarsening upward

glpi mudclast lag

Ml

Mm

Sil

Si

Sw

Sl

SmG

Sm

Te

Td

Tb

Ta

LITHO SEDIMENT STRUCTURE PHYSICAL STRUCTURES

FACIES BOUMA SEQUENCE DIAGENESIS

LOGGED BY: MAVISE SHARON NYIPONG
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-260

Grey shale.
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Mm Te
Te

-255

-250

-245

-240

Red shale. Sample 6i.
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-245

-240

-255.0
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-245.0
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Si

Si
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Mm

Si

Si

Sm

Sl
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Te
Ta

Td
Td

Ta
Te

Tb
Te

Td
Ta

Td
Ta

Ta
Ta

Ta
Te

Te
Te

Ta
Td

Td
Ta

Te
Td

Td
Tb

Tb

-235

-230

-225

220

Drag marks trending 339 deg. 
Scoured base.

Thin interbeds. s/s ~1cm 
thick.

Thin interbeds. s/s ~2cm 
thick.

Sample 6h.

-235

-230

-225

220

-235.0

-230.0

-225.0

220 0
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Slightly laminated.
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55

60

65

70

Thin beds of s/s ~4cm.

Load cast struc. at the base of 
bed.

Thin interbeds. s/s 3cm thick.
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195

185.0

190.0

195.0
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200

205

210

215

 Presence of carb. material.

 Presence of carb. material.

Amalgamated s/s, med. size 
grains dominant. Flute marks 
trending 009 deg. 2 s/s beds 
(75cm and 55cm thick).

Big load casts.

Amalgamated, med. grained 
s/s dominated. V small m/s 
clasts.
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350
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350.0

355.0

360.0
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365

370

375

380

Presence of m/s clasts (3 to 
5cm).

Presence of  v small m/s 
clasts and groove marks 
(trend 90 deg. or 270 deg.).

Thin interbeds. s/s 1 to 2 cm 
thick

Thin interbeds. s/s 1 to 2 cm 
thick

Trace fossils. Scoured base at 
the bottom of bed.
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475.0

480.0
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490.0
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495

500

505

495.0

500.0

505.0
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510

515

520

525

Thinly bedded.

Thin interbeds. s/s 1cm thick.

Amalgamated. Majority med. 
grains.

Amalgamated. Majority med. 
grains. Presence of laminae 
on the top part of bed with v 
small m/s clasts.

Presence of laminae on the 
top part of bed with m/s 
clasts.
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640

645

650

655

640.0
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660

665

670

Base can't be seen.

Major fault. Missing section ~
10m.

Major fault. 
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815
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815

805.0

810.0

815.0
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820

825

830

835

Major fault. At least 10m 
move. Sample 6g.

Missing sections.

Thin interbeds. s/s bed 1cm 
thick.

Faulted

Faulted

Slightly laminated.
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980

Slightly laminated.
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1115

1120

1125

Trace fossils. 

Only 1 s/s bed (1cm thick).
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1280

1285

1290

3 s/s beds: bed 1(4cm thick) 
and bed 2 and 3 (1cm thick).
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1425

1430

1435

2 s/s beds (2cm thick).
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1570

1575
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1585

2 s/s beds (2cm thick).
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1635

1640

1625

1630

1635

1640

1625.0

1630.0

1635.0

1640.0

Page 105



1645

1650

1655

1645

1650

1655

1645.0

1650.0

1655.0

Page 106



1660

1665

1670

1675

1660

1665

1670

1675

1660.0

1665.0

1670.0

1675.0

Page 107



1680

1685

1690

1695

1680

1685

1690

1695

1680.0

1685.0

1690.0

1695.0

Page 108



1700

1705

1710

1700

1705

1710

1700.0

1705.0

1710.0

Page 109



1715

1720

1725

1730

Slightly laminated.

1715

1720

1725

1730

1715.0

1720.0

1725.0

1730.0
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1735

1740

1745

1735

1740

1745

1735.0

1740.0

1745.0

Page 111



1750

1755

1760

1765

1750

1755

1760

1765

1750.0

1755.0

1760.0

1765.0

Page 112



1770

1775

1780

1785

1770

1775

1780

1785

1770.0

1775.0

1780.0

1785.0

Page 113



1790

1795

1800

1790

1795

1800

1790.0

1795.0

1800.0

Page 114



1805

1810

1815

1820

1805

1810

1815

1820

1805.0

1810.0

1815.0

1820.0

Page 115



1825

1830

1835

1840

1825

1830

1835

1840

1825.0

1830.0

1835.0

1840.0

Page 116



1845

1850

1855

1845

1850

1855

1845.0

1850.0

1855.0

Page 117



1860

1865

1870

1875

1860

1865

1870

1875

1860.0

1865.0

1870.0

1875.0

Page 118



1880

1885

1890

1895

Trace fossils.

1880

1885

1890

1895

1880.0

1885.0

1890.0

1895.0

Page 119



1900

1905

1910

1900

1905

1910

1900.0

1905.0

1910.0

Page 120



1915

1920

1925

1930

1915

1920

1925

1930

1915.0

1920.0

1925.0

1930.0

Page 121



1935

1940

1945

1950

1935

1940

1945

1950

1935.0

1940.0

1945.0

1950.0

Page 122



1955

1960

1965

1955

1960

1965

1955.0

1960.0

1965.0

Page 123



1970

1975

1980

1985

1970

1975

1980

1985

1970.0

1975.0

1980.0

1985.0

Page 124



1990

1995

2000

2005

1990

1995

2000

2005

1990.0

1995.0

2000.0

2005.0

Page 125



2010

2015

2020

2010

2015

2020

2010.0

2015.0

2020.0

Page 126



2025

2030

2035

2040

Trace fossils.

Interbeds of s/s (1-5cm) and 
m/s (2-5cm). s/s with m/s 
clasts and trace fossils.

m/s clast (~10cm wide).

Slightly laminated.

2025

2030

2035

2040

2025.0

2030.0

2035.0

2040.0

Page 127



2045

2050

2055

2060

2045

2050

2055

2060

2045.0

2050.0

2055.0

2060 0
Page 128



2060

2065

2070

2075

2060

2065

2070

2075

2060.0

2065.0

2070.0

2075.0

Page 129



2080

2085

2090

2095

2080

2085

2090

2095

2080.0

2085.0

2090.0

2095.0

Page 130



2100

2105

2110

2100

2105

2110

2100.0

2105.0

2110.0

Page 131



2115

2120

2125

2130

2115

2120

2125

2130

2115.0

2120.0

2125.0

2130.0

Page 132



2135

2140

2145

2150

2135

2140

2145

2150

2135.0

2140.0

2145.0

2150.0

Page 133



2155

2160

2165

2155

2160

2165

2155.0

2160.0

2165.0

Page 134



2170

2175

2180

2185

Slightly laminated.

2170

2175

2180

2185

2170.0

2175.0

2180.0

2185.0

Page 135



2190

2195

2200

2205

2190

2195

2200

2205

2190.0

2195.0

2200.0

2205.0

Page 136



2210

2215

2220

2210

2215

2220

2210.0

2215.0

2220.0

Page 137



2225

2230

2235

2240

2225

2230

2235

2240

2225.0

2230.0

2235.0

2240.0

Page 138



2245

2250

2255

2260

2245

2250

2255

2260

2245.0

2250.0

2255.0

2260.0

Page 139



2265

2270

2275

2265

2270

2275

2265.0

2270.0

2275.0

Page 140



2280

2285

2290

2295

2280

2285

2290

2295

2280.0

2285.0

2290.0

2295.0

Page 141



2300

2305

2310

2315

2300

2305

2310

2315

2300.0

2305.0

2310.0

2315.0

Page 142



2320

2325

2330
Slightly laminated.

2320

2325

2330

2320.0

2325.0

2330.0

Page 143



2335

2340

2345

2350

2335

2340

2345

2350

2335.0

2340.0

2345.0

2350.0

Page 144



2355

2360

2365

2370

2355

2360

2365

2370

2355.0

2360.0

2365.0

2370.0
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2375

2380

2385

2375

2380

2385

2375.0

2380.0

2385.0

Page 146



2390

2395

2400

2405

2390

2395

2400

2405

2390.0

2395.0

2400.0

2405.0

Page 147



2410

2415

2420

2410

2415

2420

2410.0

2415.0

2420.0

Page 148



2425

2430

2435

2440

2425

2430

2435

2440

2425.0

2430.0

2435.0

2440.0

Page 149



2445

2450

2455

2460

2445

2450

2455

2460

2445.0

2450.0

2455.0

2460.0

Page 150



2465

2470

2475

2465

2470

2475

2465.0

2470.0

2475.0

Page 151



2480

2485

2490

2495

Slightly laminated.

Drag marks at the bottom of 
the bed.

2480

2485

2490

2495

2480.0

2485.0

2490.0

2495.0

Page 152



2500

2505

2510

2515

2500

2505

2510

2515

2500.0

2505.0

2510.0

2515.0

Page 153



2520

2525

2530

2520

2525

2530

2520.0

2525.0

2530.0

Page 154



2535

2540

2545

2550

2535

2540

2545

2550

2535.0

2540.0

2545.0

2550.0

Page 155



2555

2560

2565

2570

2555

2560

2565

2570

2555.0

2560.0

2565.0

2570.0

Page 156



2575

2580

2585

2575

2580

2585

2575.0

2580.0

2585.0

Page 157



2590

2595

2600

2605

2590

2595

2600

2605

2590.0

2595.0

2600.0

2605.0

Page 158



2610

2615

2620

2625

2610

2615

2620

2625

2610.0

2615.0

2620.0

2625.0

Page 159



2630

2635

2640

Slightly laminated.

2630

2635

2640

2630.0

2635.0

2640.0

Page 160



2645

2650

2655

2660

2645

2650

2655

2660

2645.0

2650.0

2655.0

2660.0

Page 161



2665

2670

2675

2680

2665

2670

2675

2680

2665.0

2670.0

2675.0

2680.0

Page 162



2685

2690

2695

2685

2690

2695

2685.0

2690.0

2695.0

Page 163



2700

2705

2710

2715

2700

2705

2710

2715

2700.0

2705.0

2710.0

2715.0

Page 164



2720

2725

2730

2720

2725

2730

2720.0

2725.0

2730.0

Page 165



2735

2740

2745

2750

2735

2740

2745

2750

2735.0

2740.0

2745.0

2750.0

Page 166



2755

2760

2765

2770

2755

2760

2765

2770

2755.0

2760.0

2765.0

2770.0

Page 167



2775

2780

2785

Slightly laminated.

2775

2780

2785

2775.0

2780.0

2785.0

Page 168



2790

2795

2800

2805

2790

2795

2800

2805

2790.0

2795.0

2800.0

2805.0

Page 169



2810

2815

2820

2825

2810

2815

2820

2825

2810.0

2815.0

2820.0

2825.0

Page 170



2830

2835

2840

2830

2835

2840

2830.0

2835.0

2840.0

Page 171



2845

2850

2855

2860

2845

2850

2855

2860

2845.0

2850.0

2855.0

2860.0

Page 172



2865

2870

2875

2880

2865

2870

2875

2880

2865.0

2870.0

2875.0

2880.0

Page 173



2885

2890

2895

2885

2890

2895

2885.0

2890.0

2895.0

Page 174



2900

2905

2910

2915

2900

2905

2910

2915

2900.0

2905.0

2910.0

2915.0

Page 175



2920

2925

2930

2935

Slightly laminated.

2920

2925

2930

2935

2920.0

2925.0

2930.0

2935.0

Page 176



2940

2945

2950

2940

2945

2950

2940.0

2945.0

2950.0

Page 177



2955

2960

2965

2970

2955

2960

2965

2970

2955.0

2960.0

2965.0

2970.0

Page 178



2975

2980

2985

2990

2975

2980

2985

2990

2975.0

2980.0

2985.0

2990.0

Page 179



2995

3000

3005

2995

3000

3005

2995.0

3000.0

3005.0

Page 180



3010

3015

3020

3025

3010

3015

3020

3025

3010.0

3015.0

3020.0

3025.0

Page 181



3030

3035

3040

3045

3030

3035

3040

3045

3030.0

3035.0

3040.0

3045 0 Page 182



3045

3050

3055

3060

3045

3050

3055

3060

3045.0

3050.0

3055.0

3060.0

Page 183



3065

3070

3075

3080

3065

3070

3075

3080

3065.0

3070.0

3075.0

3080.0

Page 184



3085

3090

3095

Flute marks trending 345 deg. 
N. 

3085

3090

3095

3085.0

3090.0

3095.0

Page 185



3100

3105

3110

3115

3100

3105

3110

3115

3100.0

3105.0

3110.0

3115.0

Page 186



3120

3125

3130

3135

3120

3125

3130

3135

3120.0

3125.0

3130.0

3135.0

Page 187



3140

3145

3150

3140

3145

3150

3140.0

3145.0

3150.0

Page 188



3155

3160

3165

3170

3155

3160

3165

3170

3155.0

3160.0

3165.0

3170.0

Page 189



3175

3180

3185

3190

3175

3180

3185

3190

3175.0

3180.0

3185.0

3190.0

Page 190



3195

3200

3205

3195

3200

3205

3195.0

3200.0

3205.0

Page 191



3210

3215

3220

3225

3210

3215

3220

3225

3210.0

3215.0

3220.0

3225.0

Page 192



3230

3235

3240

3245

Trace fossils at the base of 
the bed. .

3 s/s beds, 4cm thick.

3230

3235

3240

3245

3230.0

3235.0

3240.0

3245.0

Page 193



3250

3255

3260

3250

3255

3260

3250.0

3255.0

3260.0

Page 194



3265

3270

3275

3280

3265

3270

3275

3280

3265.0

3270.0

3275.0

3280.0

Page 195



3285

3290

3295

3300

3285

3290

3295

3300

3285.0

3290.0

3295.0

3300.0

Page 196



3305

3310

3315

3305

3310

3315

3305.0

3310.0

3315.0

Page 197



3320

3325

3330

3335

3320

3325

3330

3335

3320.0

3325.0

3330.0

3335.0

Page 198



3340

3345

3350

3355

3340

3345

3350

3355

3340.0

3345.0

3350.0

3355 0
Page 199



3360

3365

3370

3360

3365

3370

3360.0

3365.0

3370.0

Page 200



3375

3380

3385

3390

Slightly laminated.

3375

3380

3385

3390

3375.0

3380.0

3385.0

3390.0

Page 201



3395

3400

3405

3395

3400

3405

3395.0

3400.0

3405.0

Page 202



3410

3415

3420

3425

3410

3415

3420

3425

3410.0

3415.0

3420.0

3425.0

Page 203



3430

3435

3440

3445

3430

3435

3440

3445

3430.0

3435.0

3440.0

3445.0

Page 204



3450

3455

3460

3450

3455

3460

3450.0

3455.0

3460.0

Page 205



3465

3470

3475

3480

3465

3470

3475

3480

3465.0

3470.0

3475.0

3480.0

Page 206



3485

3490

3495

3500

3485

3490

3495

3500

3485.0

3490.0

3495.0

3500.0

Page 207



3505

3510

3515

3505

3510

3515

3505.0

3510.0

3515.0

Page 208



3520

3525

3530

3535

Slightly laminated.

Slightly laminated.

3520

3525

3530

3535

3520.0

3525.0

3530.0

3535.0

Page 209



3540

3545

3550

3555

3540

3545

3550

3555

3540.0

3545.0

3550.0

3555.0

Page 210



3560

3565

3570

3560

3565

3570

3560.0

3565.0

3570.0

Page 211



3575

3580

3585

3590

3575

3580

3585

3590

3575.0

3580.0

3585.0

3590.0

Page 212



3595

3600

3605

3610

3595

3600

3605

3610

3595.0

3600.0

3605.0

3610.0

Page 213



3615

3620

3625

3615

3620

3625

3615.0

3620.0

3625.0

Page 214



3630

3635

3640

3645

3630

3635

3640

3645

3630.0

3635.0

3640.0

3645.0

Page 215



3650

3655

3660

3665

3650

3655

3660

3665

3650.0

3655.0

3660.0

3665.0
Page 216



3670

3675

3680

3670

3675

3680

3670.0

3675.0

3680.0

Page 217



3685

3690

3695

3700

Slightly laminated.

Slightly laminated.
3685

3690

3695

3700

3685.0

3690.0

3695.0

3700.0

Page 218



3705

3710

3715

3705

3710

3715

3705.0

3710.0

3715.0

Page 219



3720

3725

3730

3735

3720

3725

3730

3735

3720.0

3725.0

3730.0

3735.0

Page 220



3740

3745

3750

3755

3740

3745

3750

3755

3740.0

3745.0

3750.0

3755.0

Page 221



3760

3765

3770

3760

3765

3770

3760.0

3765.0

3770.0

Page 222



3775

3780

3785

3790

3775

3780

3785

3790

3775.0

3780.0

3785.0

3790.0

Page 223



3795

3800

3805

3810

3795

3800

3805

3810

3795.0

3800.0

3805.0

3810.0

Page 224



3815

3820

3825

3815

3820

3825

3815.0

3820.0

3825.0

Page 225



3830

3835

3840

3845

2 s/s beds, 4cm thick.

Slightly laminated.

Sample 6f.

3830

3835

3840

3845

3830.0

3835.0

3840.0

3845.0

Page 226



3850

3855

3860

3865

3850

3855

3860

3865

3850.0

3855.0

3860.0

3865.0

Page 227



3870

3875

3880

3870

3875

3880

3870.0

3875.0

3880.0

Page 228



3885

3890

3895

3900

3885

3890

3895

3900

3885.0

3890.0

3895.0

3900.0

Page 229



3905

3910

3915

3920

3905

3910

3915

3920

3905.0

3910.0

3915.0

3920.0

Page 230



3925

3930

3935

3925

3930

3935

3925.0

3930.0

3935.0

Page 231



3940

3945

3950

3955

3940

3945

3950

3955

3940.0

3945.0

3950.0

3955.0

Page 232



3960

3965

3970

3975

3960

3965

3970

3975

3960.0

3965.0

3970.0

3975.0

Page 233



3980

3985

3990

Slightly laminated, top of bed.

Only 1 s/s bed, 2cm thick.

Only 1 s/s bed, 5cm thick.

Presence of drag marks, v 
small m/s clasts, scoured 
base and rare carb. material.

3980

3985

3990

3980.0

3985.0

3990.0

Page 234



3995

4000

4005

4010

3995

4000

4005

4010

3995.0

4000.0

4005.0

4010.0

Page 235



4015

4020

4025

4015

4020

4025

4015.0

4020.0

4025.0

Page 236



4030

4035

4040

4045

4030

4035

4040

4045

4030.0

4035.0

4040.0

4045.0

Page 237



4050

4055

4060

4065

4050

4055

4060

4065

4050.0

4055.0

4060.0

4065.0

Page 238



4070

4075

4080

4070

4075

4080

4070.0

4075.0

4080.0

Page 239



4085

4090

4095

4100

4085

4090

4095

4100

4085.0

4090.0

4095.0

4100.0

Page 240



4105

4110

4115

4120

4105

4110

4115

4120

4105.0

4110.0

4115.0

4120.0

Page 241



4125

4130

4135

Sample 6e.

4125

4130

4135

4125.0

4130.0

4135.0

Page 242



4140

4145

4150

4155

4140

4145

4150

4155

4140.0

4145.0

4150.0

4155.0

Page 243



4160

4165

4170

4175

4160

4165

4170

4175

4160.0

4165.0

4170.0

4175.0

Page 244



4180

4185

4190

4180

4185

4190

4180.0

4185.0

4190.0

Page 245



4195

4200

4205

4210

4195

4200

4205

4210

4195.0

4200.0

4205.0

4210.0

Page 246



4215

4220

4225

4230

4215

4220

4225

4230

4215.0

4220.0

4225.0

4230.0

Page 247



4235

4240

4245

4235

4240

4245

4235.0

4240.0

4245.0

Page 248



4250

4255

4260

4265

4250

4255

4260

4265

4250.0

4255.0

4260.0

4265.0

Page 249



4270

4275

4280

4285

4270

4275

4280

4285

4270.0

4275.0

4280.0

4285.0

Page 250



4290

4295

4300

small m/s clasts on top part of 
bed.

4290

4295

4300

4290.0

4295.0

4300.0

Page 251



4305

4310

4315

4320

4305

4310

4315

4320

4305.0

4310.0

4315.0

4320.0

Page 252



4325

4330

4335

4340

4325

4330

4335

4340

4325.0

4330.0

4335.0

4340 0
Page 253



4340

4345

4350

4355

4340

4345

4350

4355

4340.0

4345.0

4350.0

4355.0

Page 254



4360

4365

4370

4375

4360

4365

4370

4375

4360.0

4365.0

4370.0

4375.0

Page 255



4380

4385

4390

4380

4385

4390

4380.0

4385.0

4390.0

Page 256



4395

4400

4405

4410

4395

4400

4405

4410

4395.0

4400.0

4405.0

4410.0

Page 257



4415

4420

4425

4430

4415

4420

4425

4430

4415.0

4420.0

4425.0

4430.0

Page 258



4435

4440

4445

m/s clasts and scoured base.

4435

4440

4445

4435.0

4440.0

4445.0

Page 259



4450

4455

4460

4465

4450

4455

4460

4465

4450.0

4455.0

4460.0

4465.0

Page 260



4470

4475

4480

4485

4470

4475

4480

4485

4470.0

4475.0

4480.0

4485.0

Page 261



4490

4495

4500

4490

4495

4500

4490.0

4495.0

4500.0

Page 262



4505

4510

4515

4520

4505

4510

4515

4520

4505.0

4510.0

4515.0

4520.0

Page 263



4525

4530

4535

4540

4525

4530

4535

4540

4525.0

4530.0

4535.0

4540.0

Page 264



4545

4550

4555

4545

4550

4555

4545.0

4550.0

4555.0

Page 265



4560

4565

4570

4575

4560

4565

4570

4575

4560.0

4565.0

4570.0

4575.0

Page 266



4580

4585

4590

4595

Scoured base.

4580

4585

4590

4595

4580.0

4585.0

4590.0

4595.0

Page 267



4600

4605

4610

4600

4605

4610

4600.0

4605.0

4610.0

Page 268



4615

4620

4625

4630

4615

4620

4625

4630

4615.0

4620.0

4625.0

4630.0

Page 269



4635

4640

4645

4650

4635

4640

4645

4650

4635.0

4640.0

4645.0

4650.0
Page 270



4655

4660

4665

4655

4660

4665

4655.0

4660.0

4665.0

Page 271



4670

4675

4680

4685

4670

4675

4680

4685

4670.0

4675.0

4680.0

4685.0

Page 272



4690

4695

4700

4690

4695

4700

4690.0

4695.0

4700.0

Page 273



4705

4710

4715

4720

4705

4710

4715

4720

4705.0

4710.0

4715.0

4720.0

Page 274



4725

4730

4735

4740

Presence of carb. material at 
the base of the bed. Sample 
6d (140.5m).

4725

4730

4735

4740

4725.0

4730.0

4735.0

4740.0

Page 275



4745

4750

4755

4745

4750

4755

4745.0

4750.0

4755.0

Page 276



4760

4765

4770

4775

4760

4765

4770

4775

4760.0

4765.0

4770.0

4775.0

Page 277



4780

4785

4790

4795

4780

4785

4790

4795

4780.0

4785.0

4790.0

4795.0

Page 278



4800

4805

4810

4800

4805

4810

4800.0

4805.0

4810.0

Page 279



4815

4820

4825

4830

4815

4820

4825

4830

4815.0

4820.0

4825.0

4830.0

Page 280



4835

4840

4845

4850

4835

4840

4845

4850

4835.0

4840.0

4845.0

4850.0

Page 281



4855

4860

4865

4855

4860

4865

4855.0

4860.0

4865.0

Page 282



4870

4875

4880

4885

4870

4875

4880

4885

4870.0

4875.0

4880.0

4885.0

Page 283



4890

4895

4900

4905

Scoured base.
4890

4895

4900

4905

4890.0

4895.0

4900.0

4905.0

Page 284



4910

4915

4920

4910

4915

4920

4910.0

4915.0

4920.0

Page 285



4925

4930

4935

4940

4925

4930

4935

4940

4925.0

4930.0

4935.0

4940.0

Page 286



4945

4950

4955

4960

4945

4950

4955

4960

4945.0

4950.0

4955.0

4960.0

Page 287



4965

4970

4975

4965

4970

4975

4965.0

4970.0

4975.0

Page 288



4980

4985

4990

4995

4980

4985

4990

4995

4980.0

4985.0

4990.0

4995.0

Page 289



5000

5005

5010

5000

5005

5010

5000.0

5005.0

5010.0

Page 290



5015

5020

5025

5030

5015

5020

5025

5030

5015.0

5020.0

5025.0

5030.0

Page 291



5035

5040

5045

5050

Presence of carb. material at 
the top of the bed.

Amalgamated. Majority fine 
grained. Weakly laminated.

Fault.

Fault.

Fault.

5035

5040

5045

5050

5035.0

5040.0

5045.0

5050.0

Page 292



5055

5060

5065

5055

5060

5065

5055.0

5060.0

5065.0

Page 293



5070

5075

5080

5085

5070

5075

5080

5085

5070.0

5075.0

5080.0

5085.0

Page 294



5090

5095

5100

5105

5090

5095

5100

5105

5090.0

5095.0

5100.0

5105.0

Page 295



5110

5115

5120

5110

5115

5120

5110.0

5115.0

5120.0

Page 296



5125

5130

5135

5140

5125

5130

5135

5140

5125.0

5130.0

5135.0

5140.0

Page 297



5145

5150

5155

5160

5145

5150

5155

5160

5145.0

5150.0

5155.0

5160.0

Page 298



5165

5170

5175

5165

5170

5175

5165.0

5170.0

5175.0

Page 299



5180

5185

5190

5195

Amalgamated. Majority med. 
grained.

Amalgamated. Majority med. 
grained.

s/s bed thinning upwards. s/s 
beds (4-9cm thick), 
predominant m/s. Fault 
running through the bed.

5180

5185

5190

5195

5180.0

5185.0

5190.0

5195.0

Page 300



5200

5205

5210

5215

5200

5205

5210

5215

5200.0

5205.0

5210.0

5215.0

Page 301



5220

5225

5230

5220

5225

5230

5220.0

5225.0

5230.0

Page 302



5235

5240

5245

5250

5235

5240

5245

5250

5235.0

5240.0

5245.0

5250.0

Page 303



5255

5260

5265

5270

5255

5260

5265

5270

5255.0

5260.0

5265.0

5270.0

Page 304



5275

5280

5285

5275

5280

5285

5275.0

5280.0

5285.0

Page 305



5290

5295

5300

5305

5290

5295

5300

5305

5290.0

5295.0

5300.0

5305.0

Page 306



5310

5315

5320

5325

5310

5315

5320

5325

5310.0

5315.0

5320.0

5325 0 Page 307



5325

5330

5335

5340

5325

5330

5335

5340

5325.0

5330.0

5335.0

5340.0

Page 308



5345

5350

5355

5360

Presence of carb. material.

Slightly laminated. Trace 
fossils.

5345

5350

5355

5360

5345.0

5350.0

5355.0

5360.0

Page 309



5365

5370

5375

5365

5370

5375

5365.0

5370.0

5375.0

Page 310



5380

5385

5390

5395

5380

5385

5390

5395

5380.0

5385.0

5390.0

5395.0

Page 311



5400

5405

5410

5415

5400

5405

5410

5415

5400.0

5405.0

5410.0

5415.0

Page 312



5420

5425

5430

5420

5425

5430

5420.0

5425.0

5430.0

Page 313



5435

5440

5445

5450

5435

5440

5445

5450

5435.0

5440.0

5445.0

5450.0

Page 314



5455

5460

5465

5470

5455

5460

5465

5470

5455.0

5460.0

5465.0

5470.0

Page 315



5475

5480

5485

5475

5480

5485

5475.0

5480.0

5485.0

Page 316



5490

5495

5500

5505

Amalgamated. Majority med. 
grained. Presence of carb. 
material.

Bed dipping 89 deg. and 
trending 220 deg.

Presence of carb. material.

5490

5495

5500

5505

5490.0

5495.0

5500.0

5505.0

Page 317



5510

5515

5520

5525

5510

5515

5520

5525

5510.0

5515.0

5520.0

5525.0

Page 318



5530

5535

5540

5530

5535

5540

5530.0

5535.0

5540.0

Page 319



5545

5550

5555

5560

5545

5550

5555

5560

5545.0

5550.0

5555.0

5560.0

Page 320



5565

5570

5575

5580

5565

5570

5575

5580

5565.0

5570.0

5575.0

5580.0

Page 321



5585

5590

5595

5585

5590

5595

5585.0

5590.0

5595.0

Page 322



5600

5605

5610

5615

5600

5605

5610

5615

5600.0

5605.0

5610.0

5615.0

Page 323



5620

5625

5630

5635

5620

5625

5630

5635

5620.0

5625.0

5630.0

5635 0
Page 324



5640

5645

5650

Sample 6c.

Amalgamated. Majority fine 
grained.

Amalgamated. Majority fine 
grained. m/s lense (70cm 
long).

Faulted. Presence of carb. 
material.

2 s/s beds, laminated and 
2cm thick.

5640

5645

5650

5640.0

5645.0

5650.0

Page 325



5655

5660

5665

5670

5655

5660

5665

5670

5655.0

5660.0

5665.0

5670.0

Page 326



5675

5680

5685

5675

5680

5685

5675.0

5680.0

5685.0

Page 327



5690

5695

5700

5705

5690

5695

5700

5705

5690.0

5695.0

5700.0

5705.0

Page 328



5710

5715

5720

5725

5710

5715

5720

5725

5710.0

5715.0

5720.0

5725.0

Page 329



5730

5735

5740

5730

5735

5740

5730.0

5735.0

5740.0

Page 330



5745

5750

5755

5760

5745

5750

5755

5760

5745.0

5750.0

5755.0

5760.0

Page 331



5765

5770

5775

5780

5765

5770

5775

5780

5765.0

5770.0

5775.0

5780.0

Page 332



5785

5790

5795

Trending 200 deg. 
Amalgamated, majority fine 
grained s/s.

5785

5790

5795

5785.0

5790.0

5795.0

Page 333



5800

5805

5810

5815

5800

5805

5810

5815

5800.0

5805.0

5810.0

5815.0

Page 334



5820

5825

5830

5835

5820

5825

5830

5835

5820.0

5825.0

5830.0

5835.0

Page 335



5840

5845

5850

5840

5845

5850

5840.0

5845.0

5850.0

Page 336



5855

5860

5865

5870

5855

5860

5865

5870

5855.0

5860.0

5865.0

5870.0

Page 337



5875

5880

5885

5890

5875

5880

5885

5890

5875.0

5880.0

5885.0

5890.0

Page 338



5895

5900

5905

5895

5900

5905

5895.0

5900.0

5905.0

Page 339



5910

5915

5920

5925

5910

5915

5920

5925

5910.0

5915.0

5920.0

5925.0

Page 340



5930

5935

5940

5945

5930

5935

5940

5945

5930.0

5935.0

5940.0

5945.0
Page 341



5950

5955

5960

Presence of carb. material.

Amalgamated. Majority v fine 
grained s/s.

s/s beds thinning upwards, 2 
to 10cm thick,predominant 
m/s and trending 212 deg.

Rare carb. material.

Abundant carb. material.

Rare carb. material.

5950

5955

5960

5950.0

5955.0

5960.0

Page 342



5965

5970

5975

5980

5965

5970

5975

5980

5965.0

5970.0

5975.0

5980.0

Page 343



5985

5990

5995

5985

5990

5995

5985.0

5990.0

5995.0

Page 344



6000

6005

6010

6015

6000

6005

6010

6015

6000.0

6005.0

6010.0

6015.0

Page 345



6020

6025

6030

6035

6020

6025

6030

6035

6020.0

6025.0

6030.0

6035.0

Page 346



6040

6045

6050

6040

6045

6050

6040.0

6045.0

6050.0

Page 347



6055

6060

6065

6070

6055

6060

6065

6070

6055.0

6060.0

6065.0

6070.0

Page 348



6075

6080

6085

6090

6075

6080

6085

6090

6075.0

6080.0

6085.0

6090.0

Page 349



6095

6100

6105

Amalgamated, coarse grained 
s/s,

Amalgamated, med. grained 
s/s,

Amalgamated, coarse grained 
s/s,

6095

6100

6105

6095.0

6100.0

6105.0

Page 350



6110

6115

6120

6125

6110

6115

6120

6125

6110.0

6115.0

6120.0

6125.0

Page 351



6130

6135

6140

6145

6130

6135

6140

6145

6130.0

6135.0

6140.0

6145.0

Page 352



6150

6155

6160

6150

6155

6160

6150.0

6155.0

6160.0

Page 353



6165

6170

6175

6180

6165

6170

6175

6180

6165.0

6170.0

6175.0

6180.0

Page 354



6185

6190

6195

6200

6185

6190

6195

6200

6185.0

6190.0

6195.0

6200.0

Page 355



6205

6210

6215

6205

6210

6215

6205.0

6210.0

6215.0

Page 356



6220

6225

6230

6235

6220

6225

6230

6235

6220.0

6225.0

6230.0

6235.0

Page 357



6240

6245

6250

6255

Amalgamated, med. grained 
s/s, presence of carb. 
material.

6240

6245

6250

6255

6240.0

6245.0

6250.0

6255.0

Page 358



6260

6265

6270

6260

6265

6270

6260.0

6265.0

6270.0

Page 359



6275

6280

6285

6290

6275

6280

6285

6290

6275.0

6280.0

6285.0

6290.0

Page 360



6295

6300

6305

6295

6300

6305

6295.0

6300.0

6305.0

Page 361



6310

6315

6320

6325

6310

6315

6320

6325

6310.0

6315.0

6320.0

6325.0

Page 362



6330

6335

6340

6345

6330

6335

6340

6345

6330.0

6335.0

6340.0

6345.0

Page 363



6350

6355

6360

6350

6355

6360

6350.0

6355.0

6360.0

Page 364



6365

6370

6375

6380

6365

6370

6375

6380

6365.0

6370.0

6375.0

6380.0

Page 365



6385

6390

6395

6400

6385

6390

6395

6400

6385.0

6390.0

6395.0

6400.0

Page 366



6405

6410

6415

Amalgamated, med. grained 
s/s, presence of carb. material 
top of bed.

Presence of carb. material top 
of bed. Thin s/s beds (1-2cm). 
Bed strike and dip (20/85 deg. 
N). Scour trends 020 deg. 
trending to strike. 94 deg. W 
overturned.

m/s lenses.

Amalgamated, med. grained 
s/s.

6405

6410

6415

6405.0

6410.0

6415.0

Page 367



6420

6425

6430

6435

6420

6425

6430

6435

6420.0

6425.0

6430.0

6435.0

Page 368



6440

6445

6450

6455

6440

6445

6450

6455

6440.0

6445.0

6450.0

6455.0

Page 369



6460

6465

6470

6460

6465

6470

6460.0

6465.0

6470.0

Page 370



6475

6480

6485

6490

6475

6480

6485

6490

6475.0

6480.0

6485.0

6490.0

Page 371



6495

6500

6505

6510

6495

6500

6505

6510

6495.0

6500.0

6505.0

6510.0

Page 372



6515

6520

6525

6515

6520

6525

6515.0

6520.0

6525.0

Page 373



6530

6535

6540

6545

6530

6535

6540

6545

6530.0

6535.0

6540.0

6545.0

Page 374



6550

6555

6560

6565

Amalgamated, med. grained 
s/s. Sample 6b.

6550

6555

6560

6565

6550.0

6555.0

6560.0

6565.0

Page 375



6570

6575

6580

6570

6575

6580

6570.0

6575.0

6580.0

Page 376



6585

6590

6595

6600

6585

6590

6595

6600

6585.0

6590.0

6595.0

6600.0

Page 377



6605

6610

6615

6620

6605

6610

6615

6620

6605.0

6610.0

6615.0

6620 0
Page 378



6620

6625

6630

6635

6620

6625

6630

6635

6620.0

6625.0

6630.0

6635.0

Page 379



6640

6645

6650

6655

6640

6645

6650

6655

6640.0

6645.0

6650.0

6655.0

Page 380



6660

6665

6670

6660

6665

6670

6660.0

6665.0

6670.0

Page 381



6675

6680

6685

6690

6675

6680

6685

6690

6675.0

6680.0

6685.0

6690.0

Page 382



6695

6700

6705

6710

Amalgamated, med. grained 
s/s. 

6695

6700

6705

6710

6695.0

6700.0

6705.0

6710.0

Page 383



6715

6720

6725

6715

6720

6725

6715.0

6720.0

6725.0

Page 384



6730

6735

6740

6745

6730

6735

6740

6745

6730.0

6735.0

6740.0

6745.0

Page 385



6750

6755

6760

6765

6750

6755

6760

6765

6750.0

6755.0

6760.0

6765.0

Page 386



6770

6775

6780

6770

6775

6780

6770.0

6775.0

6780.0

Page 387



6785

6790

6795

6800

6785

6790

6795

6800

6785.0

6790.0

6795.0

6800.0

Page 388



6805

6810

6815

6820

6805

6810

6815

6820

6805.0

6810.0

6815.0

6820.0

Page 389



6825

6830

6835

6825

6830

6835

6825.0

6830.0

6835.0

Page 390



6840

6845

6850

6855

Thin beds of s/s (~4cm) 
predominant m/s.

Amalgamated, majority fine 
grained.

6840

6845

6850

6855

6840.0

6845.0

6850.0

6855.0

Page 391



6860

6865

6870

6875

6860

6865

6870

6875

6860.0

6865.0

6870.0

6875.0

Page 392



6880

6885

6890

6880

6885

6890

6880.0

6885.0

6890.0

Page 393



6895

6900

6905

6910

6895

6900

6905

6910

6895.0

6900.0

6905.0

6910.0

Page 394



6915

6920

6925

6930

6915

6920

6925

6930

6915.0

6920.0

6925.0

6930.0
Page 395



6935

6940

6945

6935

6940

6945

6935.0

6940.0

6945.0

Page 396



6950

6955

6960

6965

6950

6955

6960

6965

6950.0

6955.0

6960.0

6965.0

Page 397



6970

6975

6980

6970

6975

6980

6970.0

6975.0

6980.0

Page 398



6985

6990

6995

7000

6985

6990

6995

7000

6985.0

6990.0

6995.0

7000.0

Page 399



7005

7010

7015

7020

Load cast.

7005

7010

7015

7020

7005.0

7010.0

7015.0

7020.0

Page 400



7025

7030

7035

7025

7030

7035

7025.0

7030.0

7035.0

Page 401



7040

7045

7050

7055

7040

7045

7050

7055

7040.0

7045.0

7050.0

7055.0

Page 402



7060

7065

7070

7075

7060

7065

7070

7075

7060.0

7065.0

7070.0

7075.0

Page 403



7080

7085

7090

7080

7085

7090

7080.0

7085.0

7090.0

Page 404



7095

7100

7105

7110

7095

7100

7105

7110

7095.0

7100.0

7105.0

7110.0

Page 405



7115

7120

7125

7130

7115

7120

7125

7130

7115.0

7120.0

7125.0

7130.0

Page 406



7135

7140

7145

7135

7140

7145

7135.0

7140.0

7145.0

Page 407



7150

7155

7160

7165

Presence of carb. material 
and m/s clasts.

3 s/s beds ~4cm thick.

7150

7155

7160

7165

7150.0

7155.0

7160.0

7165.0

Page 408



7170

7175

7180

7185

7170

7175

7180

7185

7170.0

7175.0

7180.0

7185.0

Page 409



7190

7195

7200

7190

7195

7200

7190.0

7195.0

7200.0

Page 410



7205

7210

7215

7220

7205

7210

7215

7220

7205.0

7210.0

7215.0

7220.0

Page 411



7225

7230

7235

7240

7225

7230

7235

7240

7225.0

7230.0

7235.0

7240.0

Page 412



7245

7250

7255

7245

7250

7255

7245.0

7250.0

7255.0

Page 413



7260

7265

7270

7275

7260

7265

7270

7275

7260.0

7265.0

7270.0

7275.0

Page 414



7280

7285

7290

7280

7285

7290

7280.0

7285.0

7290.0

Page 415



7295

7300

7305

7310

.Amalgamated, majority fine 
grained and scoured base.

7295

7300

7305

7310

7295.0

7300.0

7305.0

7310.0

Page 416



7315

7320

7325

7330

7315

7320

7325

7330

7315.0

7320.0

7325.0

7330.0

Page 417



7335

7340

7345

7335

7340

7345

7335.0

7340.0

7345.0

Page 418



7350

7355

7360

7365

7350

7355

7360

7365

7350.0

7355.0

7360.0

7365.0

Page 419



7370

7375

7380

7385

7370

7375

7380

7385

7370.0

7375.0

7380.0

7385.0

Page 420



7390

7395

7400

7390

7395

7400

7390.0

7395.0

7400.0

Page 421



7405

7410

7415

7420

7405

7410

7415

7420

7405.0

7410.0

7415.0

7420.0

Page 422



7425

7430

7435

7440

7425

7430

7435

7440

7425.0

7430.0

7435.0

7440.0

Page 423



7445

7450

7455

.Amalgamated, majority 
coarse grained.

7445

7450

7455

7445.0

7450.0

7455.0

Page 424



7460

7465

7470

7475

7460

7465

7470

7475

7460.0

7465.0

7470.0

7475.0

Page 425



7480

7485

7490

7495

7480

7485

7490

7495

7480.0

7485.0

7490.0

7495.0

Page 426



7500

7505

7510

7500

7505

7510

7500.0

7505.0

7510.0

Page 427



7515

7520

7525

7530

7515

7520

7525

7530

7515.0

7520.0

7525.0

7530.0

Page 428



7535

7540

7545

7550

7535

7540

7545

7550

7535.0

7540.0

7545.0

7550.0

Page 429



7555

7560

7565

7555

7560

7565

7555.0

7560.0

7565.0

Page 430



7570

7575

7580

7585

7570

7575

7580

7585

7570.0

7575.0

7580.0

7585.0

Page 431



7590

7595

7600

7605

7590

7595

7600

7605

7590.0

7595.0

7600.0

7605 0 Page 432



7605

7610

7615

7620

.Amalgamated, majority med. 
grained.

Slightly laminated.

Amalgamated, majority fine 
grained.

7605

7610

7615

7620

7605.0

7610.0

7615.0

7620.0

Page 433



7625

7630

7635

7640

7625

7630

7635

7640

7625.0

7630.0

7635.0

7640.0

Page 434



7645

7650

7655

7645

7650

7655

7645.0

7650.0

7655.0

Page 435



7660

7665

7670

7675

7660

7665

7670

7675

7660.0

7665.0

7670.0

7675.0

Page 436



7680

7685

7690

7695

7680

7685

7690

7695

7680.0

7685.0

7690.0

7695.0

Page 437



7700

7705

7710

7700

7705

7710

7700.0

7705.0

7710.0

Page 438



7715

7720

7725

7730

7715

7720

7725

7730

7715.0

7720.0

7725.0

7730.0

Page 439



7735

7740

7745

7750

7735

7740

7745

7750

7735.0

7740.0

7745.0

7750.0

Page 440



7755

7760

7765

Presence of carb.material.

Presence of carb.material and 
m/s lense (6cm long). Faulted.

m/s lenses.

m/s clasts (~10cm wide).

Load cast.

7755

7760

7765

7755.0

7760.0

7765.0

Page 441



7770

7775

7780

7785

7770

7775

7780

7785

7770.0

7775.0

7780.0

7785.0

Page 442



7790

7795

7800

7805

7790

7795

7800

7805

7790.0

7795.0

7800.0

7805.0

Page 443



7810

7815

7820

7810

7815

7820

7810.0

7815.0

7820.0

Page 444



7825

7830

7835

7840

7825

7830

7835

7840

7825.0

7830.0

7835.0

7840.0

Page 445



7845

7850

7855

7860

7845

7850

7855

7860

7845.0

7850.0

7855.0

7860.0

Page 446



7865

7870

7875

7865

7870

7875

7865.0

7870.0

7875.0

Page 447



7880

7885

7890

7895

7880

7885

7890

7895

7880.0

7885.0

7890.0

7895.0

Page 448



7900

7905

7910

7915

Load cast and m/s clasts 
(2cm wide).

7900

7905

7910

7915

7900.0

7905.0

7910.0

7915 0
Page 449



7920

7925

7930

7920

7925

7930

7920.0

7925.0

7930.0

Page 450



7935

7940

7945

7950

7935

7940

7945

7950

7935.0

7940.0

7945.0

7950.0

Page 451



7955

7960

7965

7955

7960

7965

7955.0

7960.0

7965.0

Page 452



7970

7975

7980

7985

7970

7975

7980

7985

7970.0

7975.0

7980.0

7985.0

Page 453



7990

7995

8000

8005

7990

7995

8000

8005

7990.0

7995.0

8000.0

8005.0

Page 454



8010

8015

8020

8010

8015

8020

8010.0

8015.0

8020.0

Page 455



8025

8030

8035

8040

8025

8030

8035

8040

8025.0

8030.0

8035.0

8040.0

Page 456



8045

8050

8055

8060

8045

8050

8055

8060

8045.0

8050.0

8055.0

8060.0

Page 457



8065

8070

8075

m/s clast (10cm wide).

Presence carb. material.

Presence m/s clastsl.

8065

8070

8075

8065.0

8070.0

8075.0

Page 458



8080

8085

8090

8095

8080

8085

8090

8095

8080.0

8085.0

8090.0

8095.0

Page 459



8100

8105

8110

8115

8100

8105

8110

8115

8100.0

8105.0

8110.0

8115.0

Page 460



8120

8125

8130

8120

8125

8130

8120.0

8125.0

8130.0

Page 461



8135

8140

8145

8150

8135

8140

8145

8150

8135.0

8140.0

8145.0

8150.0

Page 462



8155

8160

8165

8170

8155

8160

8165

8170

8155.0

8160.0

8165.0

8170.0

Page 463



8175

8180

8185

8175

8180

8185

8175.0

8180.0

8185.0

Page 464



8190

8195

8200

8205

8190

8195

8200

8205

8190.0

8195.0

8200.0

8205.0

Page 465



8210

8215

8220

8225

Scoured base dipping 84 deg.

8210

8215

8220

8225

8210.0

8215.0

8220.0

8225.0
Page 466



8230

8235

8240

8230

8235

8240

8230.0

8235.0

8240.0

Page 467



8245

8250

8255

8260

8245

8250

8255

8260

8245.0

8250.0

8255.0

8260.0

Page 468



8265

8270

8275

8265

8270

8275

8265.0

8270.0

8275.0

Page 469



8280

8285

8290

8295

8280

8285

8290

8295

8280.0

8285.0

8290.0

8295.0

Page 470



8300

8305

8310

8315

8300

8305

8310

8315

8300.0

8305.0

8310.0

8315.0

Page 471



8320

8325

8330

8320

8325

8330

8320.0

8325.0

8330.0

Page 472



8335

8340

8345

8350

8335

8340

8345

8350

8335.0

8340.0

8345.0

8350.0

Page 473



8355

8360

8365

8370

Presence of m/s clasts.

Sharp base, presence of carb. 
material, s/s beds thinning 
upwards, s/s beds (1-12cm 
thick and laminated) 
predominant m/s beds, faulted 
and with overload struc.

Presence of carb. material.

8355

8360

8365

8370

8355.0

8360.0

8365.0

8370.0

Page 474



8375

8380

8385

8375

8380

8385

8375.0

8380.0

8385.0

Page 475



8390

8395

8400

8405

8390

8395

8400

8405

8390.0

8395.0

8400.0

8405.0

Page 476



8410

8415

8420

8425

8410

8415

8420

8425

8410.0

8415.0

8420.0

8425.0

Page 477



8430

8435

8440

8430

8435

8440

8430.0

8435.0

8440.0

Page 478



8445

8450

8455

8460

8445

8450

8455

8460

8445.0

8450.0

8455.0

8460.0

Page 479



8465

8470

8475

8480

8465

8470

8475

8480

8465.0

8470.0

8475.0

8480.0

Page 480



8485

8490

8495

8485

8490

8495

8485.0

8490.0

8495.0

Page 481



8500

8505

8510

8515

Amalgamated, majority 
coarse grained.

8500

8505

8510

8515

8500.0

8505.0

8510.0

8515.0

Page 482



8520

8525

8530

8535

8520

8525

8530

8535

8520.0

8525.0

8530.0

8535.0

Page 483



8540

8545

8550

8540

8545

8550

8540.0

8545.0

8550.0

Page 484



8555

8560

8565

8570

8555

8560

8565

8570

8555.0

8560.0

8565.0

8570.0

Page 485



8575

8580

8585

8575

8580

8585

8575.0

8580.0

8585.0

Page 486



8590

8595

8600

8605

8590

8595

8600

8605

8590.0

8595.0

8600.0

8605.0

Page 487



8610

8615

8620

8625

8610

8615

8620

8625

8610.0

8615.0

8620.0

8625.0

Page 488



8630

8635

8640

8630

8635

8640

8630.0

8635.0

8640.0

Page 489



8645

8650

8655

8660

8645

8650

8655

8660

8645.0

8650.0

8655.0

8660.0

Page 490



8665

8670

8675

8680

Cross beds.

8665

8670

8675

8680

8665.0

8670.0

8675.0

8680.0

Page 491



8685

8690

8695

8685

8690

8695

8685.0

8690.0

8695.0

Page 492



8700

8705

8710

8715

8700

8705

8710

8715

8700.0

8705.0

8710.0

8715.0

Page 493



8720

8725

8730

8735

8720

8725

8730

8735

8720.0

8725.0

8730.0

8735.0

Page 494



8740

8745

8750

8740

8745

8750

8740.0

8745.0

8750.0

Page 495



8755

8760

8765

8770

8755

8760

8765

8770

8755.0

8760.0

8765.0

8770.0

Page 496



8775

8780

8785

8790

8775

8780

8785

8790

8775.0

8780.0

8785.0

8790.0

Page 497



8795

8800

8805

8795

8800

8805

8795.0

8800.0

8805.0

Page 498



8810

8815

8820

8825

Presence of carb. material.

8810

8815

8820

8825

8810.0

8815.0

8820.0

8825.0

Page 499



8830

8835

8840

8845

8830

8835

8840

8845

8830.0

8835.0

8840.0

8845.0

Page 500



8850

8855

8860

8850

8855

8860

8850.0

8855.0

8860.0

Page 501



8865

8870

8875

8880

8865

8870

8875

8880

8865.0

8870.0

8875.0

8880.0

Page 502



8885

8890

8895

8900

8885

8890

8895

8900

8885.0

8890.0

8895.0

8900 0
Page 503



8900

8905

8910

8915

8900

8905

8910

8915

8900.0

8905.0

8910.0

8915.0

Page 504



8920

8925

8930

8935

8920

8925

8930

8935

8920.0

8925.0

8930.0

8935.0

Page 505



8940

8945

8950

8940

8945

8950

8940.0

8945.0

8950.0

Page 506



8955

8960

8965

8970

Amalgamated, majority 
coarse grained.

8955

8960

8965

8970

8955.0

8960.0

8965.0

8970.0

Page 507



8975

8980

8985

8990

8975

8980

8985

8990

8975.0

8980.0

8985.0

8990.0

Page 508



8995

9000

9005

8995

9000

9005

8995.0

9000.0

9005.0

Page 509



9010

9015

9020

9025

9010

9015

9020

9025

9010.0

9015.0

9020.0

9025.0

Page 510



9030

9035

9040

9045

9030

9035

9040

9045

9030.0

9035.0

9040.0

9045.0

Page 511



9050

9055

9060

9050

9055

9060

9050.0

9055.0

9060.0

Page 512



9065

9070
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Carbonaceous material with lots 
of deformation

Drag marks (70-250 degrees 
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s/s beds 2-7m thick, 
predominant sh, sample7g

Carbonaceous material
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predominant med.grained s/s
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Groove marks, joints 23/50 
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Carbonaceous material on top 
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Strike/dip (352/38 degrees)

Carbonaceous material

s/s 3cm thick

m/s clasts, carbonaceous 
material on top part of bed

Abundant m/s clasts (2-10cm)

Carbonaceous material, sample 
7e

Load struc.,predominant med. 
s/s
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Load casts

Drag marks Top bed silty sand

Flame struc., Silty at the  bottom 
and fine s/s on top of bed

Load casts 222 degrees trend

Drag marks 008 degrees trend, 
strike/dip (353/45 degrees), m/s 
clasts

s/s 2cm thick, predominant sh
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Carbonaceous material on top 
of bed, strike/dip (350/40 
degrees)

Carbonaceous material on top 
of bed, predominant sine s/s

Predominant fine s/s

Predominant med. s/s

Predominant sh, s/s 8-10cm 
thick

Drag marks

Drag marks

7 s/s beds, laminated 
carbonaceous bed 6-18cm thick
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Predominant med. s/s, m/s 
clasts, sample 7a
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Mudstone and Sandstone

Sand and Gravel
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Shale

Sandstone and Shale

Silty Sand

faint continuous horizontal lamination

lp parallel lamination

rc current ripple

ro oscillation ripple
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gf normal grading/fining upward

gc inverse grading/coarsening upward

glpi mudclast lag
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FACIES BOUMA SEQUENCE DIAGENESIS
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-320

Thin interbeds of red and 
grey sh.

Carb. material all over bed.

Carb. material all over bed.

Carb. material all over bed 
and m/s clasts on top of 
bed.
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Ta
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-315

Abundant carb. material 
(wispy) at the top sect. of 
the bed.

Presence of carb. material 
and m/s clasts.

-315 -315.0
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Ta
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-310

-305

Med. grained s/s has carb. 
material and a m/s clast 
(10cm, wide and 40cm, 
long).

Sample 8k.

Silty s/s with carb. material.

Amalgamated. Majority 
coarse grain s/s.
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Sample 8j.
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-295

290

Presence of wispy carb. 
material and m/s clasts.

m/s clasts on top of bed.

Abundant carb. material on 
top sect. of bed.

Presence of m/s clasts.

Amalgamated. Majority 
med. grain s/s.
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Amalgamated. Majority 
med. grain s/s with granules 
at the bottom of bed.
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Granules at the bottom of 
bed of med. grain s/s. 
Presence of flute trending 
65 deg. and 245 deg. Strike 
and dip of bed is 345 
deg /85 deg
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s/s bed thickness is btw 3-
10cm.

v small m/s clasts.

Thinly bedded.
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Thinly bedded with s/s 
thickness of 1-8cm. 
Presence of trace fossils 
and biot.
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bed.
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Presence of granules at the 
bottom of bed.
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Coarse tail grade with 
scoured base.

Presence of carb. material.

Coarse tail grade with 
abundant granules at the 
base of bed.

Coarse tail grade with a 
large m/s clast (40cm, wide 
and 80cm, long) and 
abundant small m/s clasts 
at the top of bed.

Load struc. Sample 8i.

Thinly bedded.
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Thinly bedded. s/s thickness 
is btw 2-3cm.
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Thinly bedded. 
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Thinly bedded. 
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620

Thinly bedded. s/s bed 
thickness btw 2-3cm.

Amalgamated. Majority fine 
grain s/s.

615

620

615.0

620.0
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625 625 625.0
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630

635

630

635

630.0

635.0
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640 640 640.0
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645

650

645

650

645.0

650.0
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655 655 655.0
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660

665

660

665

660.0

665.0
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670 670 670.0
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675

680

Thinly bedded. s/s bed 
thickness btw 1-3cm.

675

680

675.0

680.0
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685 685 685.0
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690 690 690.0
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695

700

695

700

695.0

700.0
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705 705 705.0
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710

715

710

715

710.0

715.0
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720 720 720.0
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725

730

725

730

725.0

730.0
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735

Sample 8h.

Thinly bedded. s/s thickness 
of 3cm.

735 735.0
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740

745

740

745

740.0

745.0
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750 750 750.0
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755

760

755

760

755.0

760.0
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765 765 765.0
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770

775

770

775

770.0

775.0
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780 780 780.0
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785 785 785.0
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790

795

Thinly bedded. s/s thickness 
btw 2-4cm.

790

795

790.0

795.0
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800 800 800.0
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805

810

805

810

805.0

810.0
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815 815 815.0
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820

825

820

825

820.0

825.0
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830 830 830.0
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835

840

835

840

835.0

840.0
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845 845 845.0

Page 161



850

855

850

855

850.0

855.0
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860

Amalgamated. Majority fine 
grain s/s.

860 860.0
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865

870

865

870

865.0

870.0

Page 164



875 875 875.0
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880 880 880.0
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885

890

885

890

885.0

890.0
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895 895 895.0
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900

905

900

905

900.0

905.0

Page 169



910 910 910.0
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915

920

Drag marks.

915

920

915.0

920.0
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925 925 925.0
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930

935

930

935

930.0

935.0

Page 173



940 940 940.0
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945

950

945

950

945.0

950.0
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955 955 955.0
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960 960 960.0
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965

970

965

970

965.0

970.0
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975

Thinly bedded. s/s thickness 
btw 2-3cm.

975 975.0
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980

985

980

985

980.0

985.0
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990 990 990.0

Page 181



995

1000

995

1000

995.0

1000.0

Page 182



1005 1005 1005.0

Page 183



1010

1015

1010

1015

1010.0

1015.0
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1020 1020 1020.0
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1025

1030

1025

1030

1025.0

1030.0
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1035

Presence of load cast.

1035 1035.0
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1040

1045

1040

1045

1040.0

1045.0
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1050 1050 1050.0
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1055 1055 1055.0
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1060

1065

1060

1065

1060.0

1065.0

Page 191



1070 1070 1070.0
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1075

1080

1075

1080

1075.0

1080.0
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1085 1085 1085.0
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1090

1095

1090

1095

1090.0

1095.0
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1100

Presence of load cast.

1100 1100.0
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1105

1110

1105

1110

1105.0

1110.0

Page 197



1115 1115 1115.0
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1120

1125

1120

1125

1120.0

1125.0

Page 199



1130 1130 1130.0
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1135

1140

1135

1140

1135.0

1140 0
Page 201



1140

1145

1140

1145

1140.0

1145.0
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1150 1150 1150.0
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1155

1160

Presence of load cast.

1155

1160

1155.0

1160.0
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1165 1165 1165.0
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1170

1175

1170

1175

1170.0

1175.0
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1180 1180 1180.0
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1185

1190

1185

1190

1185.0

1190.0
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1195 1195 1195.0
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1200

1205

1200

1205

1200.0

1205.0
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1210 1210 1210.0
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1215

1220

Presence of load cast.

1215

1220

1215.0

1220.0
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1225 1225 1225.0
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1230 1230 1230.0
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1235

1240

1235

1240

1235.0

1240.0
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1245 1245 1245.0
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1250

1255

1250

1255

1250.0

1255.0
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1260 1260 1260.0
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1265

1270

1265

1270

1265.0

1270.0

Page 219



1275

Faulted and bed moved up 
2m. Scoured base. 
amalgamated with small 
cont. silt lense at 3.6m from 
the base and goes out to 
8m laterally. Sample 8g.

1275 1275.0
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1280

1285

1280

1285

1280.0

1285.0
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1290 1290 1290.0
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1295

1300

1295

1300

1295.0

1300.0
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1305 1305 1305.0
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1310

1315

1310

1315

1310.0

1315.0
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1320 1320 1320.0
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1325 1325 1325.0
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1330

1335

1330

1335

1330.0

1335.0
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1340

Bed strike and dip of 360 
deg./82 deg.

Drag marks.

1340 1340.0
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1345

1350

1345

1350

1345.0

1350.0
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1355 1355 1355.0
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1360

1365

1360

1365

1360.0

1365.0

Page 232



1370 1370 1370.0
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1375

1380

1375

1380

1375.0

1380.0

Page 234



1385 1385 1385.0
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1390

1395

1390

1395

1390.0

1395.0
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1400

Amalgamated.

1400 1400.0
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1405 1405 1405.0
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1410

1415

1410

1415

1410.0

1415.0

Page 239



1420 1420 1420.0
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1425

1430

1425

1430

1425.0

1430.0

Page 241



1435 1435 1435.0
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1440

1445

1440

1445

1440.0

1445.0

Page 243



1450 1450 1450.0

Page 244



1455

1460

Thinly bedded. s/s thickness 
btw 2-3cm and m/s 2-4cm.

1455

1460

1455.0

1460.0
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1465 1465 1465.0
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1470

1475

1470

1475

1470.0

1475.0
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1480 1480 1480.0
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1485

1490

1485

1490

1485.0

1490.0
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1495 1495 1495.0
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1500 1500 1500.0
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1505

1510

1505

1510

1505.0

1510.0

Page 252



1515 1515 1515.0

Page 253



1520

1525

Thinly bedded. s/s thickness 
0f 3cm.

Presence of carb. material.

Presence slinken side.

1520

1525

1520.0

1525.0
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1530 1530 1530.0
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1535

1540

1535

1540

1535.0

1540.0
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1545 1545 1545.0
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1550

1555

1550

1555

1550.0

1555.0
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1560 1560 1560.0
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1565

1570

1565

1570

1565.0

1570.0
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1575 1575 1575.0
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1580

1585

Presence of carb. material.

1580

1585

1580.0

1585.0
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1590 1590 1590.0
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1595 1595 1595.0
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1600

1605

1600

1605

1600.0

1605.0

Page 265



1610 1610 1610.0
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1615

1620

1615

1620

1615.0

1620.0

Page 267



1625 1625 1625.0
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1630

1635

1630

1635

1630.0

1635.0
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1640 Coarse tail grade.1640 1640.0

Page 270



1645

1650

1645

1650

1645.0

1650.0
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1655 1655 1655.0
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1660

1665

1660

1665

1660.0

1665.0

Page 273



1670 1670 1670.0

Page 274



1675 1675 1675.0

Page 275



1680

1685

1680

1685

1680.0

1685.0

Page 276



1690 1690 1690.0

Page 277



1695

1700

Current trend 240 deg. 
Presence of carb. material 
in the fine grain s/s.

Bed deformed at the top. 
Small convolute. Load cast.

Presence of carb. material. 
m/s clast on top of bed 
(15cm long and 3cm wide).

1695

1700

1695.0

1700.0
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1705 1705 1705.0
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1710

1715

1710

1715

1710.0

1715.0
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1720 1720 1720.0

Page 281



1725

1730

1725

1730

1725.0

1730.0

Page 282



1735 1735 1735.0
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1740

1745

1740

1745

1740.0

1745.0
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1750 1750 1750.0
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1755

1760

1755

1760

1755.0

1760.0
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1765

Presence of carb. material. 

1765 1765.0
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1770 1770 1770.0
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1775

1780

1775

1780

1775.0

1780.0
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1785 1785 1785.0
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1790

1795

1790

1795

1790.0

1795.0
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1800 1800 1800.0

Page 292



1805

1810

1805

1810

1805.0

1810.0

Page 293



1815 1815 1815.0

Page 294



1820

1825

Presence of carb. material. 

Presence of carb. material. 
Small joints btw this bed 
and the underlying bed.

Presence of carb. material. 

1820

1825

1820.0

1825.0

Page 295



1830 1830 1830.0
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1835

1840

1835

1840

1835.0

1840.0
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1845 1845 1845.0
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1850

1855

1850

1855

1850.0

1855 0
Page 299



1860 1860 1860.0
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1865 1865 1865.0
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1870

1875

1870

1875

1870.0

1875.0
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1880

Presence of carb. material. 

1880 1880.0
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1885

1890

1885

1890

1885.0

1890.0
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1895 1895 1895.0
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1900

1905

1900

1905

1900.0

1905.0
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1910 1910 1910.0
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1915

1920

1915

1920

1915.0

1920.0
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1925 1925 1925.0
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1930

1935

1930

1935

1930.0

1935.0

Page 310



1940 1940 1940.0
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1945 1945 1945.0
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1950

1955

1950

1955

1950.0

1955.0
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1960 1960 1960.0
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1965

1970

1965

1970

1965.0

1970.0
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1975 1975 1975.0
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1980

1985

1980

1985

1980.0

1985.0
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1990 1990 1990.0
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1995

2000

1995

2000

1995.0

2000.0

Page 319



2005

Presence of granules at the 
bottom of the bed. Strike 
and dip of bed is 360 
deg./64 deg.

Thinly bedded. Only 2 s/s 
beds with thickness of 3cm.

Presence of carb. material.

2005 2005.0
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2010

2015

2010

2015

2010.0

2015.0
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2020 2020 2020.0
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2025

2030

2025

2030

2025.0

2030.0
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2035 2035 2035.0
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2040 2040 2040.0
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2045

2050

2045

2050

2045.0

2050.0
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2055 2055 2055.0

Page 327



2060

2065

Bed with 350 deg./27 deg. 
with drag marks trending 
017 deg. Bed with 360 
deg./30 deg. with drag 
marks trending 030 deg. or 
310 deg.

2060

2065

2060.0

2065.0
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2070 2070 2070.0
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2075

2080

2075

2080

2075.0

2080.0
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2085 2085 2085.0
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2090

2095

2090

2095

2090.0

2095.0
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2100 2100 2100.0
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2105

2110

2105

2110

2105.0

2110.0
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2115 2115 2115.0
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2120

Presence of carb. material.

2120 2120.0
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2125

2130

2125

2130

2125.0

2130.0
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2135 2135 2135.0
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2140

2145

2140

2145

2140.0

2145.0
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2150 2150 2150.0
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2155

2160

2155

2160

2155.0

2160.0
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2165 2165 2165.0
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2170

2175

2170

2175

2170.0

2175.0
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2180

Thinly bedded. s/s thickness 
3cm with laminae.

2180 2180.0
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2185

2190

2185

2190

2185.0

2190.0
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2195 2195 2195.0
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2200

2205

2200

2205

2200.0

2205.0
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2210 2210 2210.0
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2215 2215 2215.0
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2220

2225

2220

2225

2220.0

2225.0
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2230 2230 2230.0
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2235

2240

2235

2240

2235.0

2240.0
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2245

Coarse tail grade. Bed 350 
deg./24 deg. with drag 
marks trending 014 deg. 
and load cast features.

Thinly bedded.

Presence of carb. material.

Thinly bedded. s/s thickness 
btw 1-5cm with laminae. 
Presence of trace fossils.

Sample 8e.

Thinly bedded.

Presence of carb. material.

Thinly bedded. s/s thickness 
1-10cm. Sample 8d.

2245 2245.0
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2250

2255

2250

2255

2250.0

2255.0
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2260 2260 2260.0
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2265

2270

2265

2270

2265.0

2270.0
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2275 2275 2275.0
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2280

2285

2280

2285

2280.0

2285.0
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2290 2290 2290.0
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2295

2300

2295

2300

2295.0

2300.0
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2305

Thinly bedded. s/s thickness 
3-10cm wth laminae. 

2305 2305.0
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2310 2310 2310.0
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2315

2320

2315

2320

2315.0

2320.0
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2325 2325 2325.0
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2330

2335

2330

2335

2330.0

2335.0
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2340 2340 2340.0
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2345

2350

2345

2350

2345.0

2350.0
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2355 2355 2355.0
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2360

2365

Thinly bedded. s/s thickness 
3-6cm with laminae. 

2360

2365

2360.0

2365.0
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2370 2370 2370.0
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2375

2380

2375

2380

2375.0

2380.0
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2385 2385 2385.0
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2390 2390 2390.0
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2395

2400

2395

2400

2395.0

2400.0
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2405 2405 2405.0
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2410

2415

2410

2415

2410.0

2415.0
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2420 2420 2420.0

Page 377



2425

2430

Thinly bedded. s/s thickness 
1-6cm. 

Bed 353 deg./30 deg.

m/s clasts size 1cm (l) and 
1mm (w).

Thinly bedded. s/s thickness 
btw 1-6cm.

2425

2430

2425.0

2430.0
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2435 2435 2435.0
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2440

2445

2440

2445

2440.0

2445.0
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2450 2450 2450.0
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2455

2460

2455

2460

2455.0

2460.0
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2465 2465 2465.0

Page 383



2470

2475

2470

2475

2470.0

2475.0
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2480 2480 2480.0
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2485

Load cast. Sample 8c.

Thinly bedded. s/s thickness 
8cm.

2485 2485.0
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2490

2495

2490

2495

2490.0

2495.0
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2500 2500 2500.0
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2505

2510

2505

2510

2505.0

2510.0
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2515 2515 2515.0
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2520

2525

2520

2525

2520.0

2525.0
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2530 2530 2530.0
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2535

2540

2535

2540

2535.0

2540.0
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2545

Medium bedded. s/s 
thickness btw a few cm to 
1m.

2545 2545.0
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2550

2555

2550

2555

2550.0

2555.0
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2560 2560 2560.0
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2565

2570

2565

2570

2565.0

2570 0
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2575 2575 2575.0

Page 398



2580 2580 2580.0
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2585

2590

2585

2590

2585.0

2590.0
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2595 2595 2595.0
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2600

2605

Thinly bedded.

2600

2605

2600.0

2605.0
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2610 2610 2610.0
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2615

2620

2615

2620

2615.0

2620.0
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2625 2625 2625.0
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2630

2635

2630

2635

2630.0

2635.0
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2640 2640 2640.0
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2645

2650

2645

2650

2645.0

2650.0
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2655 2655 2655.0
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2660 2660 2660.0
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2665

2670

Thinly bedded.

Fault running through bed 
283 deg./51 deg.

2665

2670

2665.0

2670.0
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2675 2675 2675.0
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2680

2685

2680

2685

2680.0

2685.0
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2690 2690 2690.0
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2695

2700

2695

2700

2695.0

2700.0
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2705 2705 2705.0
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2710

2715

2710

2715

2710.0

2715.0
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2720 2720 2720.0
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2725

2730

Sample 8b.

2725

2730

2725.0

2730.0
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2735 2735 2735.0

Page 420



2740

2745

2740

2745

2740.0

2745.0
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2750 2750 2750.0
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2755 2755 2755.0
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2760

2765

2760

2765

2760.0

2765.0
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2770 2770 2770.0
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2775

2780

2775

2780

2775.0

2780.0
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2785

Coarse tail grade with m/s 
clasts (15cm, long and 2cm, 
wide).

2785 2785.0
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2790

2795

2790

2795

2790.0

2795.0
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2800 2800 2800.0
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2805

2810

2805

2810

2805.0

2810.0
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2815 2815 2815.0
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2820

2825

2820

2825

2820.0

2825.0

Page 432



2830 2830 2830.0
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2835 2835 2835.0
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2840

2845

Thinly bedded. s/s thickness 
of 5cm.

1.1m : Coarse tail grade 
bed

2840

2845

2840.0

2845.0
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2850

0.53m : med. grain s/s with 
m/s clasts
2.02m : granules

2850 2850.0
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2855

2860

2855

2860

2855.0

2860.0
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2865 2865 2865.0
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2870

2875

2870

2875

2870.0

2875.0
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2880 2880 2880.0
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2885

2890

2885

2890

2885.0

2890.0
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2895 2895 2895.0
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2900

2905

2900

2905

2900.0

2905.0
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2910

Bed 050 deg./58 deg. Top 
5.3m s/s with granules and 
1.6m to the base is coarse 
tail graded.

m/s clasts size 2cm (w) and 
5cm (l).

2910 2910.0
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2915

2920

2915

2920

2915.0

2920.0
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2925 2925 2925.0
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2935

2940

2935.0
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2945 2945 2945.0
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2950

2955

2950.0

2955.0
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2965

2970

Coarse tail grade.

2965

2970

2965.0

2970.0
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3000

2995.0
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3015
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3015.0
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3025

m/s clasts size 2cm (w) and 
3cm (l).

Coarse tail grade. Presence 
of granules with the size of 
5mm.

Thinly bedded. s/s thickness 
5cm with laminae and m/s 
thickness ~1cm.

3025 3025.0
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3030.0

3035.0
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3090

3095

s/s beds thinning upwards 
and fine grain s/s. At the 
bottom 2 thick s/s beds 
med. grained with thickness 
of 23cm.
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Page 475



3140

3145

3140

3145

3140.0

3145.0
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3150

5 s/s beds ~60cm thick with 
sh beds (8cm thick) in btw. 
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3210

v small m/s clasts, 0.5cm.
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3270

Presence of carb. material 
on top of bed.
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3270.0
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3330

3335

Thinly bedded. s/s thickness 
btw 1-3cm.

Presence of struc. load and 
slinken side.

Thinly bedded. s/s thickness 
2cm.
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3335.0
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3375 3375 3375.0

Page 508



3380

3385

3380

3385
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3390

Presence of load struc. Bed 
349 deg./65 deg.

3390 3390.0
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Clay

Mudstone

Mudstone and Sandstone

Laminated Sandstone

Sandstone

faint continuous horizontal lamination

rc current ripple

lp parallel lamination

w wavy lamination

wnd discont. non-parallel wavy lamination

xhl high angle cross stratification (15-30°)

rc current ripple

lp parallel lamination

gf normal grading/fining upward

gc inverse grading/coarsening upward

w wavy ripples

glpi mudclast lag

vd clay drape

vr rubble

Ml

Mm

Sil

Si

Sw

Sr

Sx

Sl

SmG

Sm

Te

Td

Tc

Tb

Ta

LITHOLOGY SEDIMENT STRUCTURE PHYSICAL STRUCTURES

FACIES BOUMA SEQUENCE DIAGENESIS

Ansd siderite concretion

Am cement general

FIELD:GMS

LOGGED BY: MAVISE SHARON NYIPONG
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GammaRay

0 120

Density

0 3g/ccm

Resistivity

0 1000

Sonic

0 100us

Porosity

13 34%

Permeability

0 4000

D
ep

th

D
ep
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et

re
s

Sl

Sl

Sl

Tb
Tb

Tb

8000

8003

8005

8008

8000

8005

Btw 7998ft to 
8003ft 
carbonaceous 
laminae, 
unconsolidated 
and damaged

Unconsolidated 
and damaged

Unconsolidated. 
Rubbles btw 
8008ft to 8009.3ft

1A 1

2

P

3

P

4

8000

8005

2438.4

2439.2

2439.9

2440.7
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Sl

Sl

Sw

SmG

Sm

Sl

Sx

Sw

Sw

Sw

Tb
Tb

Ta
Tc

Tb
Tc

Te

8010

8012

8015

8017

8020

8023

8025

8027

8030

8010

8015

8020

8025

8030

Btw 8011ft to 
8013.3ft 
carbonaceous 
laminae. Btw 
8013.3ft to 8015ft 
wispy material.

Btw 8016ft to 
8018.8ft wispy 
material sparsely 
spread through. 
5mm long coaly 
material at 
8019ft.

Faint cross 
laminae

Sparse wispy 
carb. material

Faint planar 
laminae with 
sparse wispy 
carb. material

Heavy wispy 
carb. material

Wispy carb. 
material

Heavy wispy 
carb. material at 
the top part and 
sparse at the 
bottom

Rubble

1B

P

1

2

P

3

4

P

5

6

P

7

8010

8015

8020

8025

8030

2441.4

2442.2

2443.0

2443.7

2444.5

2445.3

2446.0

2446.8

2447.5
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8033

8035

8038

8040

8043

8045

8048

8050

8053

8055

8035

8040

8045

8050

8055

8035

8040

8045

8050

8055

2448.3

2449.1

2449.8

2450.6

2451.4

2452.1

2452.9

2453.6

2454.4

2455.2
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8057

8060

8062

8065

8068

8070

8073

8075

8077

8060

8065

8070

8075

8060

8065

8070

8075

2455.9

2456.7

2457.4

2458.2

2459.0

2459.7

2460.5

2461.3

2462.0
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8080

8083

8085

8088

8090

8093

8095

8098

8100

8103

8080

8085

8090

8095

8100

8080

8085

8090

8095

8100

2462.8

2463.5

2464.3

2465.1

2465.8

2466.6

2467.4

2468.1

2468.9

2469.6
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8105

8107

8110

8112

8115

8118

8120

8123

8125

8105

8110

8115

8120

8125

8105

8110

8115

8120

8125

2470.4

2471.2

2471.9

2472.7

2473.5

2474.2

2475.0

2475.7

2476.5
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Sw

Sw

Sw

Sw

Sw

Te
Te

Td

8127

8130

8132

8135

8138

8140

8142

8145

8147

8150

8130

8135

8140

8145

8150

Wispy carb. 
material

Heavy wispy 
carb. material

Heavy wispy 
carb. material on 
top part and 
sparse at the 
bottom

Sparse wispy 
carb. material 
with trace fossil 
on top part

Sparse wispy 
carb. material

2 1

2

P

3

8130

8135

8140

8145

8150

2477.3

2478.0

2478.8

2479.5

2480.3

2481.1

2481.8

2482.6

2483.4

2484.1
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Sr

Sx

Sw

Sw

Sw

Sl

SmG

Sx

Sl

SmG

Tc
Tc

Tb
Tb

Tb
Tc

Tb
Ta

8153

8155

8157

8160

8163

8165

8168

8170

8172

8175

8155

8160

8165

8170

8175

4

5

P

6

P

7

8

9

10

P

10

11

8155

8160

8165

8170

8175

2484.9

2485.6

2486.4

2487.2

2487.9

2488.7

2489.5

2490.2

2491.0

2491.7
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Sw

Sw

Sm

Tc
Ta

8178

8180

8183

8185

8188

8190

8193

8195

8198

8180

8185

8190

8195

P

12

13

13

P

14

15

8180

8185

8190

8195

2492.5

2493.3

2494.0

2494.8

2495.6

2496.3

2497.1

2497.8

2498.6
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8200

8203

8205

8207

8210

8213

8215

8218

8220

8222

8200

8205

8210

8215

8220

8200

8205

8210

8215

8220

2499.4

2500.1

2500.9

2501.6

2502.4

2503.2

2503.9

2504.7

2505.5

2506.2
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8225

8227

8230

8232

8235

8238

8240

8242

8245

8225

8230

8235

8240

8245

8225

8230

8235

8240

8245

2507.0

2507.7

2508.5

2509.3

2510.0

2510.8

2511.6

2512.3

2513.1
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8248

8250

8253

8255

8258

8260

8263

8265

8268

8270

8250

8255

8260

8265

8270

8250

8255

8260

8265

8270

2513.8

2514.6

2515.4

2516.1

2516.9

2517.6

2518.4

2519.2

2519.9

2520.7
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8272

8275

8277

8280

8283

8285

8287

8290

8292

8275

8280

8285

8290

8275

8280

8285

8290

2521.5

2522.2

2523.0

2523.7

2524.5

2525.3

2526.0

2526.8

2527.6
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Sw

Sw

Sw

Sm

Sw

Sw

Sw

Sw

Sw

Sl

Sw

Tc
Te

Tb
Te

Tb

8295

8298

8300

8303

8305

8308

8310

8313

8315

8318

8295

8300

8305

8310

8315

3A 1

2

P

3

4

5

P

6

7

8

P

9

8295

8300

8305

8310

8315

2528.3

2529.1

2529.8

2530.6

2531.4

2532.1

2532.9

2533.7

2534.4

2535.2
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Sl

Sw

Sw

Ml

Sr

Sl

Sw

Sil

Si

Sl

Sw

Tb
Te

Tc
Tb

Td
Tb

8320

8322

8325

8327

8330

8333

8335

8337

8340

8342

8320

8325

8330

8335

8340

P

10

11

P

11

12

P

13

14

15

16

17

8320

8325

8330

8335

8340

2535.9

2536.7

2537.5

2538.2

2539.0

2539.7

2540.5

2541.3

2542.0

2542.8
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Sil

Mm

Td
Te

8345

8348

8350

8353

8355

8358

8360

8363

8365

8345

8350

8355

8360

8365

18

8345

8350

8355

8360

8365

2543.6

2544.3

2545.1

2545.8

2546.6

2547.4

2548.1

2548.9

2549.7
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8368

8370

8372

8375

8378

8380

8383

8385

8387

8390

8370

8375

8380

8385

8390

8370

8375

8380

8385

8390

2550.4

2551.2

2551.9

2552.7

2553.5

2554.2

2555.0

2555.7

2556.5

2557.3
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8393

8395

8398

8400

8403

8405

8408

8410

8413

8395

8400

8405

8410

8395

8400

8405

8410

2558.0

2558.8

2559.6

2560.3

2561.1

2561.8

2562.6

2563.4

2564.1
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8415

8418

8420

8422

8425

8428

8430

8433

8435

8437

8415

8420

8425

8430

8435

8415

8420

8425

8430

8435

2564.9

2565.7

2566.4

2567.2

2567.9

2568.7

2569.5

2570.2

2571.0

2571.8
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8440

8442

8445

8447

8450

8452

8455

8457

8460

8462

8440

8445

8450

8455

8460

8440

8445

8450

8455

8460

2572.5

2573.3

2574.0

2574.8

2575.6

2576.3

2577.1

2577.8

2578.6
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8463

8465

8468

8470

8473

8475

8478

8480

8483

8485

8465

8470

8475

8480

8485

8465

8470

8475

8480

8485

2579.4

2580.1

2580.9

2581.7

2582.4

2583.2

2583.9

2584.7

2585.5

2586.2
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8487

8490

8492

8495

8498

8500

8502

8505

8507

8510

8490

8495

8500

8505

8510

8490

8495

8500

8505

8510

2587.0

2587.8

2588.5

2589.3

2590.0

2590.8

2591.6

2592.3

2593.1

2593.8
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8513

8515

8518

8520

8523

8525

8528

8530

8533

8515

8520

8525

8530

8515

8520

8525

8530

2594.6

2595.4

2596.1

2596.9

2597.7

2598.4

2599.2

2599.9

2600.7
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8535

8537

8540

8542

8545

8548

8550

8552

8555

8557

8535

8540

8545

8550

8555

8535

8540

8545

8550

8555

2601.5

2602.2

2603.0

2603.8

2604.5

2605.3

2606.0

2606.8

2607.6

2608.3
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Tb
Tb
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8565

8567

8570

8573
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8580
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8570
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2611.4
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2614.4

2615.2
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8595
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2615.9
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2618.2
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2619.8

2620.5

2621.3

2622.0

2622.8
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Sm

Sil

Sw

Sm

Si
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Si

Sw

Sw

Sm

Si

Sw

Sw

Sil

Si

Td
Td
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Td
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Td
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Tb
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8613

8615

8618
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8625
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8615
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8625
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8615
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2625.1
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2628.9

2629.7
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Mudstone and Siltstone

Mudstone

Mudstone and Sandstone

Laminated Sandstone

Sandstone

Siltstone

faint continuous horizontal lamination

lp parallel lamination

vr rubble

lp parallel lamination

glpi mudclast lag

Ml

Mm

Si

Sw

Sl

Sm

Te

Td

Tb

Ta

LITHOLOGY SEDIMENT STRUCTURE PHYSICAL STRUCTURES

FACIES BOUMA SEQUENCE DIAGENESIS

An nodule/concretion, general

FIELD:KBB2

LOGGED BY: MAVISE SHARON NYIPONG
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GammaRay
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Density

0 3g/ccm

Resistivity
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Sonic
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D
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Comments

D
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Ml

Mm

Ml

Sm

Te
Te

6367

6368

6368

6369

6369

6370

6370

6371

6371

6372

6372

1 1

2

3

6370 6370

Laminae of silty 
calcareous material.

At 6368.5 ft a cal. silty 
lense (diameter 1cm) 
and at 6368.7 ft a cal. 
silty lense (diameter 
2cm).

At 6370.4 ft to 6370.7 
ft v thin bands of clay.

Lenses and bands of 
cal. silty mat. m/s 
slightly cal.

Interbeds of v thin cal. 
silty (1cm thick) and 
m/s.

1941.6
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Ml

Mm

Ml

Mm

Ml

Mm

Mm

Ml

Te
Te

6373

6373

6374

6375

6375

6376

6376

6377

6377

6378

6378

6379

6379

6380

6380

6381

6381

6382

6382

6383

6383

6384

6384

6385

4

5

6

7

6375

6380

6375

6380

Rare cal. silty lenses 
at 6376.4 ft.

Bands of cal. silty 
mat.

Contains cal. silty 
lenses and laminae at 
6378.7 ft to 6379.7 ft.

Laminae of cal. silty 
mat. distorted.

cal. silty lenses.

 Laminae of cal. silty 
mat.

 Laminae of cal. silty 
mat. with a few lenses 
spread parsely.
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Thin interbeds of m/s 
and cal. siltstone.

Thin interbeds of m/s 
and cal. siltstone.
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6400

6405

6400

6405

Thin interbeds of m/s 
and cal. siltstone with 
m/s clasts.

Laminae of cal. silty 
mat and lenses of cal 
silt.

Contain sand lense.

Thin interbeds of cal. 
siltstone and m/s with 
a few cal. silt lenses.

Clasts of cal. silt 
(diameter 2-0.5cm), 
spread horizontally.
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6445
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6445
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6455

Clasts of cal. silt 
spread sparesly.

Clasts of cal. silt.

Lenses of cal. silt.

Clasts of cal. silt.

Laminae of cal. silt.
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Laminae of cal. silt 
and v thin bands of 
clay.

Cal. silty bed.

Cal. silty clasts.

Cal. silty lenses and 
faint laminae spread 
through out the core.

Cal. silty lenses.
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Laminae of cal silty
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4 1

6710

6715
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6715

Laminae of cal. silty 
mat.

Laminae of cal. silty 
mat. and carb. mat. 
infilling the cracks.
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6720

6725

6730

6720

6725

6730

Cal. s/s.

Contain s/s lense.

Contain cal. silty 
lenses.

Cal. s/s

Wispy carb. mat. and 
cal. s/s

laminae of carb. mat. 

laminae of carb. mat. 
At 6730 ft to 6730.2 ft 
cal. s/s

Lenses of cal. silt. 

Cal. siltstone with 
laminae of carb. mat.
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2051.3
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6735

6740

6735

6740

Slightly cal. s/s with 
laminae of carb. mat. 
At 6734.8 ft cal. s/s 
with some m/s clasts.

Slightly cal. s/s with 
laminae of carb. mat. 

Slightly cal. s/s with 
laminae of carb. mat. 

Slightly cal. s/s with 
laminae of carb. mat. 
(unconsolidated). 

Laminae of cal. silt

Slightly cal. s/s 
(unconsolidated).
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2054.4

Page 32



Mm

Ml

Te

6744

6745

6745

6746

6746

6747

6745 6745

Sparsely spread 
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