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The unconventional resource has become an interesting field of study and
some source rocks have turned to be excellent reservoirs for generation and
accumulation. Twenty- five percent of sedimentary rocks from Peninsular
Malaysia are Paleozoic shales. The goal of this paper is to evaluate and
characterize the shales in the Kroh Formation, which is one of the Western
Belt formations in Peninsular Malaysia. Representative shale samples have
been taken from different outcrops of the Kroh Formation, were performed
to study the mineralogical and geochemical characteristics to determine the
quantity of the organic matter and the minerals. The TOC values range from
2.02 to 7.01 wt% and this range indicate that the shales have a very good
source generative potential. These values fulfill the basic prerequisites of
successful shale gas exploration. Results of X-ray Diffraction (XRD) indicate
that the shale samples are mainly comprised of kaolinite as clay minerals and
quartz and pyrite as non-clay minerals. In addition to illite, kaolinite, and
quartz, Pyrite, calcite, and dolomite were identified within the shales through
XRD. FTIR technique confirms the minerals that are present in the XRD.
Knowing the clay minerals composition of the shale can be useful in planning
for drilling and hydraulic fracturing of the Kroh Formation or similar
characteristics.

© 2019 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Shale is a fine-grained

sedimentary rock,

organic material, widening the scope of inferences
drawn about the genesis of black shales (Baioumy et
al,, 2016). Black shales have attracted interest from

containing different types of clay minerals such as illite
and kaolinite and quartz and pyrite as nonclay
minerals (Peters, 2006). More recently, shale has been
recognized as a potential source rock and reservoir for
hydrocarbons. It possesses up to 20% of the total
organic matter making them potential source rocks for
both conventional and unconventional gas.

Black shale is a dark-colored mud rock containing
organic matter, silt- and clay-sized mineral grains that
accumulated together. A shale gas reservoir is not
comprised of a single lithology but a collection of any
fine-grained rocks capable of storing significant
amounts of gas. Most of the black shales are marine
and may have a real extent of thousands of square
kilometers. The geochemistry of black shales has
played a major role in the characterization of the
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researchers primarily because of their economic
importance in terms of hydrocarbon development
potential (Wignall, 1994).

The attention in black shales worldwide within the
last decades chiefly stems from the widespread
confession that black shales are important to the
natural fuel-resource (El-Kammar et al, 1990).
Organic geochemistry is the scientist’s first choice to
obtain information needed to evaluate the richness,
type and thermal maturity of a source rock. Different
geochemical scales, such as vitrinite reflectance (Ro%),
pyrolysis Tmax, and biomarker maturity ratios can be
used to indicate the maturity of organic matter (Peters
and Casa, 1994). The Western Belt of Peninsular
Malaysia comprises a lot of Paleozoic black shales that
have the potential to be source rocks. The
carbonaceous black shales have a wide distribution on
the surface and subsurface.

Twenty- five percent of sedimentary rocks from
Peninsular Malaysia are Paleozoic shale. The geology
of these shales has been mapped by the Minerals and
Geoscience Department and had been studied
extensively for their lithologies and stratigraphy
(Jones, 1970; Burton, 1986; Cocks et al, 2005;
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Metcalfe, 2013). However, the mineralogy and
geochemistry of those shales have not been studied in
detailed. Therefore the major significance of this paper
is to determine the quantity of the organic matter and
the types of minerals that are present in the shale that
will be useful in planning for drilling and hydraulic
fracturing.

1.1. Geological setting

Paleozoic rocks are marine and account for about
25% by area of Peninsular Malaysia. The Paleozoic
formations of Peninsular Malaysia are distributed in
three northwesterly to northerly trending zones
parallel to the general elongation trend of the
Peninsula. They are the Western Belt, Central Belt and
Eastern Belt (Fig. 1). Each of these zones is
characterized by distinctive structure, stratigraphy,
tectonic and sedimentary history.

The Western Belt forms part of the Sibumasu
Terrane, derived from the NW Australian Gondwana
margin within the late Cambrian- Early Permian. The
Central and Eastern Belts represent the Sukhothai Arc
constructed in the Late Carboniferous-Early Permian
on the margin of the Indochina Block (derived from
the Gondwana margin in Early Devonian).

This arc was then separated from Indochina by
back-arc spreading in the Permian. The Bentong-Raub
suture zone forms the boundary between the
Sibumasu Terrane (Western Belt) and Sukhothai Arc
(Central and Eastern Belts) (Metcalfe, 2013).

Kroh Formation which is part of the Baling Group
in the Western Belt is Upper Ordovician to Lower
Devonian in age. It consists of black, very thin- to thin-
bedded, mudstone, carbonaceous shale, often
siliceous; calcareous rocks and chert with lenses of
arenaceous (Fig. 2) (Burton, 1970).

2. Materials and methods
2.1. Materials

Six representative samples were taken from six
locations in the Gerik area, upper Perak (Fig. 1). They
are carbonaceous shale and have been dated and
assigned the Upper Ordovician to Lower Devonian age
(Burton, 1970). The outcrop samples were collected
and to avoid oxidized and weathered materials, fresh
samples were selected by removing the surface
materials of the outcrop. All of the shale samples were
selected for Total Organic Carbon (TOC), X-ray
Diffraction (XRD) and Fourier Transmittance Infrared
(FTIR) tests.
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Fig. 1: Geological map of the Malay Peninsula showing the study area, After (Tate etal.,, 2008)
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Fig. 2: Schematic stratigraphic column of the Betong-Pengkalan Hulu Transect area, Malaysia showing the Kroh Formation

2.2, Methods
2.2.1. Total organic carbon (TOC)

Total organic carbon (TOC) content is the amount
of organic matter in a rock, and it determines how
much hydrocarbon could be generated from a source
rock, which ultimately affects the production potential
of hydrocarbon reservoirs in a petroleum system. TOC
was measured on powdered samples using a TOC
analyser. TOC values are measured in terms of weight
percentage of organic carbon. About 3g of a sample
was treated with 10% hydrochloric acid of 37%
concentration in order to remove the inorganic carbon
from the samples. They were then left for 12 hours in
the fume chamber before being rinsed with reverse
osmosis water 3 times and dried in the oven at 60°C
for 24 hours. After drying, 60mg of each sample were
being weighted and placed on ceramic boats.
Percentage of organic carbon was measured using
multi n/c 3100 (Ibad and Padmanabhan, 2018).

2.2.2. X- ray diffraction (XRD)

XRD analysis is a beneficial method for identifying
minerals that are present in the shales. Shale samples
were first ground into powder, and the XRD analysis
was performed with a Rigaku D/max-2500P °C. The
samples were prepared according to the (Hardy,
1988). Samples of shales were pulverized
mechanically using a grinder mortar for Riveted-based
quantitative XRD analyses to identify the various
mineral phases. Then the powdered samples were
sieved before being used in the X-ray diffractometer in
the laboratory. Diffractograms were recorded by step-
scanning through 2-theta (28) in the range of 20-80°
with a scan speed of 1°20/mm, step interval of 0.02°
and a dwell time of 0.5 seconds using a Bruker D8
Advance X-ray diffractometer.
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2.3. Fourier transmittance infrared (FTIR)

Fourier Transmittance Infrared (FTIR) is one of the
methods of infrared spectroscopy used to identify and
analyze the chemical compounds of materials. An
Agilent Technologies Cary 660 Series FTIR
Spectrometer was used to run FTIR model- spectrum
100. FTIR is a spectrometer that determines the
material structure by applying Infrared beam on the
sample and the ratio between the incidents to
transmittance wave is measured. The wave range used
is between 400-4000 cm. Data collection was done
using the Resolutions Pro software package which was
also used for background and automatic baseline
correction of all spectra (Washburn and Birdwell,
2013).

3. Results and discussion
3.1. Quantity of the organic matter

The total organic carbon (TOC wt.%) content is an
important parameter that has been used to determine
the quantity of the organic matter and hydrocarbon
generative potential of the source rock (Peters and
Cassa, 1994). Six hand specimens from the Kroh
Formation were studied for their total organic carbon.
The technique by Dow and Pearson (1975), was
applied to determine the quantity of the organic
matter. The values of TOC for the shale samples vary
from sample to sample depending on the type of shales
and their characteristic properties (Fig. 3). The shale
samples have TOC values ranging from 2.02 to 7.01 wt.
% and the average is 4.09 wt. %. This means the TOC is
reflective of a very good source potential generative
(Peters et al, 1993). This average fulfills the basic
prerequisites of successful shale gas exploration
(Nunez-Betelu and Baceta, 1994).

The different values for the total organic carbon
may cause due to changes in the deposition rates, the
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degree of oxygenation of the bottom water and
terrestrial organic matter supply rate from the
continents (Tissot and Welte, 1984; Heydari et al,
1997).
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Fig. 3: TOC% results from the Kroh formation
3.2. Bulk mineralogy

The mineral contents of a rock in an
unconventional reservoir are important when the

operators want to perform hydraulic fracture
operations successfully. The mineralogical
characterization of shale rocks 1is important,

particularly for drilling and production processes. Six
shale samples from the Kroh Formation were analyzed
in detail using the X-Ray Diffraction (XRD) and Fourier
Transform Infrared (FTIR) to identify the minerals
present in the shale samples. XRD is the most current
tool for characterizing the clay minerals and different
minerals that are present within the shale rock sample
(Butt, 2012).

The XRD shows that the Kroh Formation has
various minerals from clay minerals such as illite and
kaolinite, nonclay minerals like pyrite and quartz (Fig.
4). All of these minerals were identified by the fact that
each mineral has unique fingerprints. Although shale
can contain large amounts of various minerals
depending on its burial history and sedimentation,
only these minerals were found in these samples by
XRD. Fourier transform infrared (FTIR) spectroscopy
is a nondestructive, alternative vibrational technique
to obtain information of shale with certain advantages
over other techniques, such as small sample size
requirement, quick and easy sample preparation, and
fast analysis (Painter et al,, 1981). The FTIR analysis
was conducted to identify the minerals that present in
the black shale. Table 1 present a summary of
important infrared bands and their possible bond
assignments (Nayak and Singh, 2007).

lllite is a secondary mineral
phyllosilicate or layered alumino-silicate.

Kaolinite is identified by its characteristic 7.0 and
7.3 A° basal spacing (Fig. 4). The kaolinite peak is
crystalline clear and it was common in all the six
samples. The XRD peak intensities suggest kaolinite is
the dominant clay mineral in the Kroh Formation. The
presence of 3623 cm in the samples confirmed the

precipitate
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presence of kaolinite (Tuddenham and Lyon, 1960)
(Fig. 5 and Table 1).
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Fig. 4: The XRD peak of a shale from the Kroh formation in
the KR-3 samples
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Table 1: Important infrared bands of clay minerals with
their possible assignments

Wa\[/cerlrelgﬁgt hs Assignment

3696 Al=0-H Stretching

3622 Al=0-H (inter-octahedral)

3450 H-O-H Stretching

1633 H-O-H Stretching

1033 Si-0-Si,Si-0 Stretching

914 AI=0-H Stretching

790 Si-0 Stretching, Si-0-Al Stretching (Al, Mg) = O-
H. Si-O- (Mg, Al) Stretching

693 Si-0, Si-0-Al Stretching

The strong diffraction at 4.2A°, 3.3A°, 2.4A° and
1.8A° suggested the presence of quartz in the samples
(Fig. 4). Quartz is present in all shale samples analyzed
from the Kroh Formations. Presence of quartz will be
good in the hydraulic fracture because fractures are
more prevalent and created more easily in silica-rich
and carbonate-rich shales than in clay minerals. The
appearance of Si-O stretching vibrations were
observed at 797 and 530 cm! from FTIR analysis (Van
der Marel and Beutelspacher, 1976). The appearance
of Si-0-Si also supported the presence of quartz in all
the samples (Fig. 5). Pyrite is present in most of the
samples, especially those high in organic matter. It is
identified by its characteristic of 2.2A° basal spacing.
Other minerals identified from XRD analysis that have
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low peak intensities are calcite with 2.0 A° basal
spacing and dolomite at 1.3 A° basal spacing (Fig. 4).

4. Conclusion

Carbonaceous shale samples of the Kroh Formation
exposed in the Gerik area (upper Perak) were
investigated using organic geochemical and
mineralogical methods. The results of the analysis
were used to determine the organic richness and the
minerals present in the shale. TOC results show that
the shale samples have a very good source generative
potential based on the TOC values (2.02-7.1%). Shale is
the most abundant sedimentary rock and is a
combination of a wide variety of minerals, but the
minerals found in these samples are illite, kaolinite,
and silica (quartz). Other minerals present such as
pyrite, calcite, and dolomite. Clay minerals dominate
the mineralogy, followed by quartz.
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