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Analisis Fasies dan Iknologi)
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ABSTRACT

There have been many disagreements regarding the depositional environment of the Oligocene Tajau Sandstone 
Member of the Kudat Formation, Northern Sabah. We present here, the first detailed sedimentary facies analysis for 
the Tajau Sandstone Member, exposed on the Kudat Peninsula. The identified facies are interpreted as the deposits of 
subaqueous sediment density flows, which are common processes in deep marine depositional settings. These include 
debrites, hyperconcentrated density flow deposits, and turbidites. Several of the turbidite facies display evidence for 
hydraulic jumps, which are also common processes in deepwater settings and probably indicate changes in slope 
topography or loss of flow confinement. Trace fossils characteristic of the Nereites ichnofacies are also diagnostic 
of a deep marine depositional environment. Facies previously identified by previous workers as hummocky cross-
stratification in the Tajau Sandstone Member, which was used to support a shallow marine interpretation, is better 
interpreted as supercritical antidunes developed in high density turbidites, based on the coarse-grained texture, spaced 
layering and association with other subaqeuoues density flow deposits.
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ABSTRAK

Terdapat banyak perselisihan pandangan mengenai persekitaran pengenapan ahli Batu Pasir Tajau, Formasi Kudat, 
di utara Sabah, yang berumur Oligosen. Di sini, kami membentangkan analisis fasies sedimen terperinci yang pertama 
untuk Ahli Batu Pasir Tajau, yang tersingkap di Semenanjung Kudat. Fasies yang dikenal pasti ditafsirkan sebagai 
enapan aliran ketumpatan sedimen bawah air, yang merupakan proses yang biasa berlaku dalam persekitaran laut 
dalam. Ini termasuk enapan debrit, aliran tumpat hiperkepadatan dan turbidit. Beberapa fasies turbidit menunjukkan 
bukti berlakunya proses lonjakan hidraulik yang merupakan proses yang biasa berlaku di sekitaran laut dalam dan 
mungkin menandakan perubahan topografi cerun atau kehilangan kekangan aliran. Kehadiran fosil surih daripada 
iknofasies Nereites juga adalah penentu untuk persekitaran laut dalam. Fasies dalam Ahli Batu Pasir Tajau yang 
sebelum ini dikenal pasti oleh penyelidik terdahulu sebagai perlapisan silang membusut dan digunakan untuk 
menyokong tafsiran pemendapan di sekitaran marin cetek, lebih sesuai ditafsirkan sebagai antigumuk supergenting 
yang terbentuk dalam turbidit berketumpatan tinggi. Ini berdasarkan teksturnya yang berbutir kasar, kehadiran 
pelapisan berjarak dan asosiasinya dengan enapan aliran ketumpatan bawah air yang lain.

Kata kunci: Ahli Batu Pasir Tajau; fasies laut dalam; Formasi Kudat

INTRODUCTION

There is significant disagreement regarding the 
depositional setting of the Oligocene Tajau Sandstone 
Member of the Kudat Formation in Sabah, with 
interpretations ranging from shallow to deep marine 

(Ahmad et al. 2017; Frank 1981; Hall 2013; Hazebroek 
& Tan 1993; Junaidi et al. 2017; Liechti et al. 1960; 
Nursyazwani et al. 2017; Samira et al. 2018; Sanudin et al. 
2017; Stephens 1956; Suggate & Hall 2013; Tongkul 2006, 
1994, 1991; van Hattum et al. 2013). This study presented 
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a limited facies analysis, with interpretations based on 
large-scale stratigraphic patterns, using data logged at 1:50 
- 1:100 scale. Here, we present a more detailed, bed-scale 
facies analysis of the Tajau Sandstone Member exposed in 
Kudat Peninsula, Sabah, together with ichnological data. 

The objectives of this study were to conduct a facies 
analysis of the Oligocene Tajau Sandstone Member, 
Kudat Formation, in Northern Sabah in order to interpret 
the processes that deposited the facies and determine the 
general depositional setting based on integrated facies 
analysis and ichnology.

MATERIALS AND METHODS

GEOLOGICAL SETTING AND METHODS

Due to the complex geological history of the Kudat 
Peninsula, several stratigraphic schemes have been 
constructed for the region (Ahmad et al. 2017; Clement 
& Keij 1958; Liechti et al. 1960; Lim 1986; Lim & Heng 
1985; Shariff et al. 1994; Stephens 1956; Tongkul 2006). 
The oldest rock units in Kudat Peninsula is radiolarian 
chert dated as Barremian to Aptian (Basir & Sanudin 
1988; Basir et al. 1985). Other rock units exposed in 
the Kudat Peninsula are mélange, Kudat Formation, 
and Quaternary Alluvium. The most widely accepted 
stratigraphic scheme for the Kudat Peninsula is by 
Clement and Keij (1958) because the authors subdivided 
the Kudat Formation into six members (in stratigraphically 
ascending order, and from north to south; i.e. Tajau 
Sandstone, Sikuati, Garau Red Shales, Gomantong, Sirar, 
and Dudar). The subdivision into members are widely 
accepted as it provides a basic guideline to identify the 
Kudat Formation in the field. However, the age of each 
member is still unclear. 

Tert iary s i l ic ic las t ics  of  Northern Sabah 
unconformably overly Cretaceous ophiolitic rocks of 
the Chert-Spillite Formation and associated mafic and 
ultramafic bodies, interpreted as older oceanic crust 
(Hutchison 1996; Leong 1999; Rangin et al. 1990). The 
oldest of these Tertiary strata are the Crocker and Kudat 
formations. The Middle Eocene to Late Oligocene 
Crocker Formation is characterized by interbedded 
sandstones and mudstone interpreted as deep marine 
submarine fan deposits forming part of an accretionary 
complex (Ahmad et al. 2017; Crevello et al. 2008; Jackson 
et al. 2009; Rangin et al. 1990; van Hattum et al. 2013). 
The Crocker Formation laterally and vertically grades 

into the Oligocene to Early Miocene Kudat Formation 
(Frank 1981; Leong 1999; Lim 1986). Clement and Keij 
(1958) divided the rocks of the Kudat Formation into 6 
Members, i.e. the Tajau Sandstone, Sikuati, Garau Red 
Shales, Gomantong, Sirar and Dudar, in stratigraphically 
younging order. 

This paper focuses on the Oligocene Tajau 
Sandstone Member exposed on the Kudat Peninsula. 
The Tajau Sandstone Member is estimated to be about 6 
km thick and comprises of thick-bedded, coarse grained 
to gravelly, micaceous, calcareous and feldspathic 
sandstones, with minor interbedded limestone, marls, 
and shales (Liechti et al. 1960). The age of the Tajau 
Sandstone Member remains a controversial subject, 
due to the presence of reworked Eocene foraminifera 
(Clement & Keij 1958; Stephens 1956). The age has been 
recently revised to Late Oligocene to Early Miocene age, 
and the presence of Miogypsinella ubaghsi (Hock 1936) 
indicates a lowermost Early Miocene (23.0-20.4 Ma) 
or Early Aquitanian-Early Te5 (BouDagher-Fadel 2011; 
Suggate & Hall 2013). Lunt and Madon (2017), in their 
review on the biostratigraphy in Kudat, also support a Late 
Oligocene age for the Tajau Sandstone Member.

The presence of foraminifera such as Amphistegina, 
Cycloclypeus, and Operculina are indicative of an outer 
neritic depositional environment; and Glomospira 
and Heterostegina indicate bathyal and inner neritic 
to nearshore, respectively (Lunt 2013). Detrital garnet 
composition analysis (Suggate & Hall 2013) and heavy 
mineral contents and U-Pb zircon age determination 
(van Hattum et al. 2013) suggest that sandstones of the 
Tajau Sandstone Member were potentially derived 
from a nearby high-grade metamorphic-acid plutonic 
source, possibly from the Palawan block of Philippines 
(originally part of South China) in the north.

METHODS

Sedimentary logging of 37 sections was conducted at 
21 localities (see Figures 1 and 2 for the stratigraphy 
of the Kudat Peninsula), with a total logged thickness 
of 2171.58 m. Facies of the Tajau Sandstone Member 
were described and classified based on their lithology, 
textural characteristics, sedimentary structures, and trace 
fossil composition. Thin sections of sandstones for 
petrographic analysis were prepared using rock-cutting 
facilities at the Universiti Malaysia Sabah (UMS). 
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FIGURE 1. Geological map of the Kudat Peninsula, Northern Sabah, showing 
the location of logged sections, and Stratigraphy of the Kudat Peninsula

FIGURE 2. Stratigraphy of the Kudat Peninsula
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RESULTS

FACIES ANALYSIS OF THE TAJAU SANDSTONE MEMBER

Twelve facies are identified in the Tajau Sandstone 
Member, as summarized in Figure 3 and photographs in 

Figures 5 and 6. The identified facies are also represented 
in selected sedimentary logs as illustrated in Figure 4 and 
described herewith:

FIGURE 3. Summary of twelve identified facies in the Tajau Sandstone 
Member of Kudat Peninsula, Northern Sabah, and their interpreted depositional 

processes
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FIGURE 4. Selected sedimentary logs of the Tajau Sandstone Member in the 
Kudat Peninsula, Northern Sabah, showing the distribution of facies

FIGURE 5. Selected facies of the Tajau Sandstone Member exposed on the Kudat 
Peninsula, Northern Sabah. (A) Thin debrite (F1) overlying stepped planar layered 

sandstone of F2, (B) Stepped planar layering in sandstone of F2, (C) Thick structureless 
sandstone of F3, (D) Low angle cross-stratification of stepped layers in F4, (E) Close 
vertical association between sinusoidal antidunes of F4 and spaced planar layering of 

F2, and (F) Sinusoidal antidunes of F4. Refer to Figure 2 for facies details
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FACIES 1 (F1): MUD CLAST RICH SANDSTONE

Description: F1 is represented by 7-28 cm thick, ungraded, 
matrix-supported conglomerates, with a medium- to 
fine-grained sandstone matrix and chaotically-arranged 
mud clasts making up 35-50% of the rock volume. The 
sandstone is muddy, medium-to fine grained, structureless 
(i.e. displaying an absence of primary sedimentary 
structures), ungraded, poorly-sorted, and light to dark 
grey coloured. The mud clasts are elongated and angular 
to rounded, and chaotically oriented.

Interpretation: F1 is interpreted as debrites based on 
the ungraded bedding, with abundant, chaotically oriented 
clasts floating in a sandstone matrix (Lowe 1982; Mutti et 
al. 2003). Debrites are deposited from frictional freezing 
and abrupt en masse deposition from a debris flow (Mulder 
& Alexander 2001).

FIGURE 6. Selected facies of the Tajau Sandstone Member exposed on the Kudat Peninsula, 
Northern Sabah. (A) Scours filled with pebble lags and structureless sandstone of F5, (B, C) 
Humpback dunes with sigmoidal cross-stratification and climbing brink trajectories, F6, (D) 

Structureless sandstone of F7, (E) Planar laminated sandstone with carbonaceous matter lining, 
F8, and (F) Trough cross-bedded sandstone of F9. Refer to Figure 3 for facies details

FACIES 2 (F2): PEBBLY, VERY COARSE- TO MEDIUM-
GRAINED SANDSTONE WITH PLANAR LAYERING

Description: F2 is characterized by sandstone with 
internal planar layering. The layering can be either in the 
form of: 3 to 8 cm thick, alternating coarse-grained and 
pebbly sandstone layers. The boundaries between layers are 
diffuse; 0.5 to 1.5 cm thick, inverse graded and occasional 
normal graded sandstone (i.e. spaced planar layering). The 
layering is typically parallel to bedding, although some 
examples display gently inclined layering, or; (3) less 
than 1 mm thick, with no vertical grain size variation. There 
are typically no major grain size differences between 
bands. However, in some rare cases, inverse grading is 
observed. Bioturbation is absent in these facies.

Interpretation: F2 is interpreted as traction carpet 
deposition from a high-density turbidity current, based 
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on the presence of spaced layering in very coarse- to fine-
grained sandstone (Hiscott 1994; Lowe 1982; Sohn 1997). 
Traction carpets form through near-bed, en masse settling 
of thin layers of sand, driven by an overlying flow (Hiscott 
1994; Kuenen 1966; Talling et al. 2012). They are typical 
of high-density turbidites (Cartigny et al. 2013; Postma 
et al. 1988; Sohn 1997). However, the coarse-grained 
texture of F3 excludes a Tb Bouma division interpretation. 
The inverse-graded layers in F2 were probably due to 
downward percolation of finer grains through the gaps 
between coarser grains (Legros 2002).

FACIES 3 (F3): STRUCTURELESS, VERY COARSE- TO 
COARSE-GRAINED SANDSTONE

Description: Facies 3 is characterized by structureless or 
bioturbated, very poorly-sorted pebbly to very coarse-
grained sandstone. F3 tends to form amalgamated stacks 
of tabular beds up to 25 m thick. F3 is structureless 
or displays poorly developed normal grading. Dish 
structures, ball-and-pillow structures and flames structures 
are common. The granules and pebbles in this subfacies 
are sub- to well-rounded, with an average size of 3-5 
mm, with occasional grains up to 12 mm in diameter. 
Some examples of F3 are calcareous and rich in fossils, 
including foraminifera (e.g. Heterostegina borneensis van 
der Vlerk, Heterostegina sp., Lepidocyclina (Eulepidina) 
sp., Lepidocyclina (Nephrolepidina) sp., Lepidocyclina sp., 
Operculina sp., Amphistegina sp.) and fragments of algae, 
coral and gastropods. 

Interpretation: F3 is interpreted as the deposits of 
non-cohesive, hyper-concentrated density flows, based 
on the coarse-grained texture and internally structureless 
framework (Alexander 2001; Mulder & Mutti et al 2003; 
Tinterri et al. 2003). The structureless, ungraded deposits 
may have been produced by rapid, hindered settling, 
which inhibited tractional reworking (Lowe 1982) or by 
en masse deposition (Talling et al. 2002). 

FACIES 4 (F4): COARSE-GRAINED SANDSTONE WITH 
UNDULATING LAYERING AND LOW ANGLE CROSS-

STRATIFICATION 

Description: F4 is characterized by coarse-grained 
sandstone displaying internal spaced layering with 
sinusoidal wave-like profiles. The waveforms display 
symmetrical, rounded crests and have wavelengths of up 
to 3.3 m. Low angle cross-stratification (less than 10°) 
of spaced layers is also observed. Trough-shaped scours 
are common in F4, where they truncate spaced layers of 
underlying and laterally associated bedforms. F4 grades 
laterally and upwards into spaced layering of F2. 

Interpretation: The bedforms of F4 are interpreted 
as antidunes, based on the undulating, symmetrical, 

sinusoidal profile, and associated undulating to low angle 
cross-stratified, internal spaced layering (Cartigny et al. 
2014; Lang & Winsemann 2013; Middleton 1965; Postma 
& Kleverlaan 2018; Yagishita 1994). The development of 
antidunes reflects supercritical flow conditions under high 
rates of aggradation (Alexander et al. 2001; Cartigny et 
al. 2014; Lang & Winsemann 2013). The spaced layering 
making up the internal stratification indicates traction 
carpet deposition, which is characteristic high density 
turbidites (Postma et al. 1988; Sohn 1997). 

FACIES 5 (F5): VERY COARSE- TO MEDIUM-GRAINED 
SANDSTONE WITH EROSIONAL SCOURS

Description: Facies 5 is characterized by amalgamated, 
pebbly, very coarse- to medium-grained sandstones 
displaying abundant erosional features in the form of 
internal scours and fills. The scours have reliefs of up 
to 0.9 m and widths of up to 1.2 m. The scours are filled 
by a basal gravel lag, which is overlain by structureless 
sandstone. The basal scour surfaces cut into underlying 
beds and are emphasized by amalgamation, with 
sharp and undulating profiles. Bioturbation is absent 
in these facies. Interpretation: F5 is interpreted as 
hyperconcentrated density flow deposits or high density 
turbidites with hydraulic jump-induced erosion, based on 
the structureless coarse grained sandstone and abundance 
of internal scours (Mulder & Alexander 2001; Mutti et al. 
2003). Turbidity currents can experience hydraulic jumps 
(i.e. transformation from supercritical to subcritical flow 
conditions) due to flow expansion associated with a slope 
change or loss of flow confinement. Flow turbulence 
is locally increased, resulting in scouring and partial 
deposition of its load (Ito et al. 2014; Komar 1971; Kostic 
& Parker 2006; Lowe 1982; Taki & Parker 2005).

FACIES 6 (F6): COARSE- TO MEDIUM-GRAINED 
SANDSTONE WITH ‘CLIMBING DUNE-LIKE’ BEDFORMS

Description: F6 is characterized by 1 to 1.5 m thick units 
of medium- to coarse-grained sandstone displaying low 
angle, sigmoidal cross-stratification of spaced planar 
layering. Stacked spaced layering forms 0.4 to 1.4 m long 
bedforms with well-developed topset, forest and bottomset 
elements. Sigmoidal cross-stratification is restricted to the 
foreset area. The cross-stratification displays climbing 
brink trajectories, with climbing angles between 20° and 
39°. The low angle foresets are formed by parallel layers of 
become divergent (i.e. thickening and becoming gentle in 
angle further downdip). The climbing bedforms of Facies 
6 have heights and wavelengths exceeding 0.075 and 
0.020 m, respectively. F6 grades laterally and vertically 
into F6 and F5.
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Interpretation: F6 is interpreted as high density 
turbidites with evidence of transitions between subcritical 
and supercritical flow conditions, based on the presence 
of spaced layering associated with humpback dunes. The 
bedforms with low angle, sigmoidal cross-stratification 
are identified as humpback dunes (Chakraborty & 
Bose 1992; Fielding 2006; Lang & Winsemann 2013), 
which are known to form during the transition between 
supercritical and subcritical flow conditions (Saunderson 
& Lockett 1983). The spaced layering represents traction 
carpets which are typical of high density turbidites. The 
close association of F6 and antidunes of F4 is also 
consistent with downflow and temporal fluctuations 
between subcritical and supercritical conditions (Lang & 
Winsemann 2013).

FACIES 7 (F7): STRUCTURELESS FINE- TO MEDIUM-
GRAINED SANDSTONE

Description: F7 is characterized by 0.3 to 3.5 m thick 
beds of sharp-based, structureless, fine- to medium-
grained sandstone. There is no obvious grading and the 
only sedimentary structures observed are occasional 
soft-sediment deformation. This facies displays a sharp 
upper and lower contact. The sandstone also contains 
mud clasts/pebbles and very minor elongate coal pebbles/
carbonaceous matters, scattered in the upper part of this 
facies. Nereites inchnofacies (e.g. Paleodictyon and 
Cosmorhaphe) are also observed in this facies (Figure 7). 

Interpretation: F7 is equivalent to the classic Ta 
division of Bouma (1962) and is interpreted as either high 
density turbidites (Kneller & Branney 1995; Lowe 1982; 
Talling et al. 2012) or rapid fall-out from concentrated 
density flow deposits (Lowe 1982; Mulder & Alexander 
2001; Talling et al. 2012).

FACIES 8 (F8): FINE-GRAINED SANDSTONE WITH PLANAR 
LAMINATION

Description: F8 forms intervals of fine- to medium-grained 
sandstone displaying rhythmic planar lamination. 

FIGURE 7. Trace fossils characteristic of the Nereites ichnofacies, observed along 
the base of F7 structureless sandstone, Tajau Sandstone Member, Kudat Peninsula, 

Northern Sabah. (A) Belorhaphe (B) Paleodictyon; (C and D) Cosmorhaphe

Individual laminae tend to be lined by dark carbonaceous 
plant matter. Soft-sediment deformation structures 
in the form of flame structures and load casts occurs 
within laminasets of F8 which tends to be concentrated 
especially in its upper part. Bioturbation is absent.

Interpretation:  F8 is equivalent to the classic Tb 
division of Bouma (1962) and is interpreted as the 
deposits of upper stage plane bedforms of low density 
turbidites (Lowe 1982; Talling et al. 2012). 
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FACIES 9 (F9): VERY COARSE- TO MEDIUM-GRAINED 
SANDSTONE WITH CROSS-BEDDING

Description: F9 comprises very coarse- to medium-grained 
sandstone with trough cross-bedding. The cross-beds 
range between 0.6 and 3.5 m in thickness. The cross-beds 
range between 0.6 and 3.5 m in thickness, with tangential 
foresets reaching angles of up to 25 degrees. Individual 
troughs exhibit widths and maximum depths in the range 
of <40 to >92 cm, and 5 to 95 cm, respectively.  F9 occurs 
in close association with the F4. 

Interpretation: F9 represents the deposits of three-
dimensional dunes developed under turbulent subcritical 
flow conditions, based on the presence of trough cross-
bedding (Ashley 1990). The close association with other 
turbiditic facies suggests deposition or at least evolution 
from gravity flows. Mutti et al. (2003) relate the presence 
of dune bedforms in turbidites as indicative of a hydraulic 
jump. 

FACIES 10 (F10): RIPPLE CROSS-LAMINATED SANDSTONE

Description: F10 is mainly fine-grained sandstone 
intervals displaying asymmetrical, climbing ripple cross-
lamination sets with occasional single ripple sets. The 
ripples are 1 to 3 cm high and ca. 10 cm long. The climbing 
ripples have an angle of climb between 15 and 45°. The 
base of F10 is generally sharp and straight, while the 
upper contact with overlying facies is gradational. F10 
also contain soft-sediment deformation in the form of 
convolute lamination. Moderate bioturbation (BI=3) is 
observed in beds of F10, including the Thalassinoides 
and Planolites.

Interpretation: F10 is equivalent to the Tc division 
of Bouma (1962) and is interpreted as low density 
turbidites, based on the close association of the ripples 
with other turbiditic facies. Deposition of F10 was from 
fully turbulent dilute suspension, with relatively low 
rates of sedimentation (Baas 1994; Southard 1991). 
However, deposition was rapid enough to form climbing 
trajectories (Jobe et al. 2012).

FACIES 11 (F11): LAMINATED VERY FINE-GRAINED 
SANDSTONE OR SILTSTONE

Description: F11 is characterized by cm-thick units of 
fine- to very fine-grained sandstone or coarse siltstone, 
displaying plane-parallel lamination. The laminae are 
commonly light to greyish in colour. In some cases, F11 
contains intervals with convolute lamination. These facies 
are rare in the Tajau Sandstone Member.
Interpretation: F11 is equivalent to the Td division of 
Bouma (1962) and has been interpreted as dilute, low 
density turbidites, deposited under fully turbulent flow 
and low sediment concentrations (Talling et al. 2012).

FACIES 12 (F12): MUDSTONE

Description: F12 is characterized by up to 20 cm thick, 
structureless or planar laminated mudstone. It is 
generally difficult to determine whether the mudstone 
of this facies is graded or ungraded. The thin mudstone 
commonly has a sharp or gradual contact with overlying 
and underlying beds.

Interpretation: F12 is interpreted as mainly 
hemipelagic deposits (Lowe 1982). Structureless mudstone 
may also represent rapid fluid mud deposition (Talling et 
al. 2012). 

ICHNOLOGICAL ANALYSIS OF THE TAJAU SANDSTONE 
MEMBER

Bioturbation is observed in three facies of the Tajau 
Sandstone Member, i.e. F3, F7, and F10. Structureless 
sandstones of F3 contain identifiable trace fossils such 
as Planolites and Ophiomorpha. Trace fossils are also 
common in the finer grained structureless sandstones of 
F7 and include Ophiomorpha, Chondrites, Cosmorhaphe, 
Palaeodictyon, Scolicia, and Belorhaphe. Moderate 
bioturbation in rippled cross-laminated sandstones of 
F10, including trace fossils such as Thalassinoides and 
Planolites.

The trace fossil assemblages observed in the 
Tajau Sandstone Member comprise well established 
marine ichnotaxa (e.g. MacEachern et al. 2010). Vertical 
Ophiomorpha associated with F3 is characteristic of the 
Skolithos ichnofacies, which is typically developed in 
well sorted, shifting sand substrates. This is consistent 
with the gravity flow interpretation for F3 and F7. The 
Ophiomorpha observed in the Tajau Sandstone may also 
represent elements of the Nereites ichnofacies (Uchman 
2009). The assemblage containing Planolites and 
Thalassinoides is consistent with the Cruziana ichnofacies, 
which is characteristic of marine softground substrates. 
The presence of Palaeodictyon in F7 is important, and its 
association with Chondrites and Scolicia is representative 
of the Nereites ichnofacies. The Nereites ichnofacies is 
restricted to modern-day deep marine settings, and ancient 
turbidites and abyssal plain deposits (MacEachern et al. 
2010, 2007).

DISCUSSION

The majority of the facies identified in the Tajau 
Sandstone Member display characteristics which 
are consistent with deposits formed by underwater 
flows driven by excess density, which was produced 
by sediments, i.e. subaqueous sedimentary density 
flows (Mulder & Alexander 2001). This includes facies 
interpreted as debrites (F1), poorly cohesive debrites 
to hyperconcentrated density flows (F3) and turbidites 
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(including classical divisions of the Bouma sequence, 
e.g. F7, F8, F10, F11, F12 and high density turbidites, i.e. 
F2). Several other facies identified in the Tajau Sandstone 
Member display characteristics which are consistent with 
deposition associated with hydraulic jumps, including 
supercritical antidunes and scours (F4, F5), trans-critical 
bedforms (F6) and subcritical bedforms (F9). The gradual 
transitions between these facies reflect downflow and 
temporal fluctuations between subcritical and supercritical 
conditions (Lang & Winsemann 2013). The internal 
stratification of these facies are consistent with traction 
carpets, and indicate deposition by high density turbidity 
currents. Similar bedforms have been observed in other 
subaqueous sedimentary density flow deposits associated 
with submarine fans (Cartigny et al. 2011; Hand et al. 1972; 
Kostic & Parker 2006; Postma et al. 2009; Walker 1967). 
Hydraulic jumps can develop in submarine fan settings 
due to abrupt deceleration and flow expansion associated 
with an abrupt change in degree of confinement, such as 
observed at channel-lobe transitions, or slope gradient 
(García & Parker 1993; Hofstra et al. 2015; Komar 1971; 
Macdonald et al. 2011; Normark & Piper 1991).

Initially, the presence of abundant large benthic 
foraminifera and associated shallow marine fossils in F3 
appears to be inconsistent with a deep marine submarine 
fan depositional model. However, the reworked nature of 
the fossils, with evidence of breakage and dissolution, and 
mixed ages of the foraminifera, indicate that these fossils 
have been reworked and transported from a shallower 
setting. The most conclusive evidence for a deep marine 
depositional setting comes from ichnology, as the Nereites 
ichnofacies is only known from modern-day deep marine 
settings and are associated with turbidites in numerous 
examples in the rock record (MacEachern et al. 2010, 
2007; Rona et al. 2009; Seilacher 2007).

A deep marine setting for the Tajau Sandstone 
Member has been previously proposed by several authors 
(Ahmad et al. 2017), but none of these works provided a 
facies analysis to support their interpretations. Sanudin 
et al. (2017) provided an alternate interpretation, where 
the Tajau Sandstone Member represents shallow marine 
deposits, based on the identification of hummocky (HCS) 
and swaley cross-stratified (SCS) sandstone, which are 
storm-generated deposits requiring shallow waters above 
wave base to develop (Dumas & Arnott 2006; Harms et 
al. 1975). However, the coarse-grained texture of their 
storm beds is not consistent with HCS and SCS, which 
only develop in very fine- to fine-grained sandstones 
(Cummings et al. 2009; Dumas et al. 2005). The coarse-
grained, undulating and planar spaced layering, which 
are closely associated with other density flow deposits 
and hydraulic jump-associated bedforms, are better 
interpreted as traction carpets associated with high density 
turbidites.

CONCLUSION

A detailed facies analysis of the Oligocene Tajau 
Sandstone Member, Kudat Formation in Kudat, Sabah, 
indicates the presence of 12 facies, of which 8 facies 
are interpreted as subaqueous sediment density flow 
deposits, including debrites (F1), poorly cohesive debrites 
or hyperconcentrated density flow deposits (F2) and 
turbidites (F3, F7, F8, F10, F11, F12). Four facies are 
interpreted as deposits associated with hydraulic jumps, 
including supercritical antidunes and scours (F4, F5), 
trans-critical humpback dunes (F6) and subcritical 3D 
dunes. Hydraulic jumps may have developed due to 
flow expansion possibly associated with a change in 
slope gradient of a change in flow confinement, which 
are common processes in deep marine submarine fans. 
Previously described hummocky cross-stratification in 
the Tajau Sandstone Member are better interpreted as 
antidunes due to the coarse-grained texture of the sandstone 
and stepped layering of the strata, which is again consistent 
with traction carpet deposition associated with high density 
turbidites. The presence of the Nereites inchnofacies 
confirms the deep marine setting of the Tajau Sandstone 
Member. 
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