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Abstract 
Kampong Som Basin is a Paleozoic-Mesozoic sedimentary basin located in 
southern Cambodia. While the sandstone of the Bokor Formation is expected 
to be the reservoir for hydrocarbon accumulation. Hence, this study aims to 
define the properties, quality, and factors that control reservoir rock quality. 
Sandstones of the Bokor Formation are sampled and analyzed using a helium 
porosimeter, nitrogen permeameter, polarized light microscope, and scan-
ning electron microscope (SEM) to check the porosity, permeability, miner-
als, pore geometry, and clay minerals that influence the reservoir quality. Ac-
cording to the result of petrography analysis described by thin section, the 
sandstone samples from Bokor formation are classified as quartz arenite that 
composes mainly of quartz, rock fragment, mica-flake, and sericite with con-
nected and unconnected pores of 50 μm to 500 μm with interparticle pore 
type. Sandstones in this formation have porosity values ranging from 6.55% 
to 13.19%, and permeability values ranging from 10 mD to 60 mD. The statis-
tics of porosity and permeability of sandstone reservoirs indicate low porosity 
and permeability that are suggested to be fair reservoir rock for hydrocarbon 
accumulation. SEM results indicate that there are three types of authigenic 
clay minerals involving such as kaolinite, illite, and chlorite. In addition, the 
pore geometry, quartz overgrowth, dissolution of quartz and felspar grain 
filling in pore space, compaction, replacement diagenesis processes, and ce-
mentation presence of clay minerals are the main controlling factors of the 
sandstone reservoir from the Bokor Formation. Furthermore, this area exhi-
bits sedimentary structures such as planar cross-bedding, cross-bedding, pa-
rallel lamination, normal grading, massive, wavy, and reverse graded bedding, 
which indicates these lithofacies may be deposited in shallow marine envi-
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1. Introduction 

The sandstone reservoir characteristics and associated controlling factors in 
non-marine sedimentary environments have long been of great scientific and 
productive interest. Generally, the sandstone reservoirs mainly result from fluvi-
al-deltaic deposits and developed in response to sediment supply, paleoclimate, 
lacustrine fluctuations, and tectonic movements [1]. The interaction of the fac-
tors influencing sandstone reservoir characteristics and revealing associated 
controlling factors in different tectonic settings, sedimentary environments, or 
diagenesis stages will produce different sandstone reservoir characteristics and 
clarify different controlling factors. Hydrocarbon reservoir characterization is 
very important to define a reservoir model that incorporates all characteristics of 
the reservoir such as the quantity of storage and ability to flow hydrocarbon. 
Porosity and permeability are the main parameters that evaluated the reservoir 
rock properties including pore space and ability flow [2]. Reservoir quality and 
heterogeneity are significant factors in affecting the accumulation process of hy-
drocarbon resources with porosity and permeability being the key parameters to 
assess reservoir quality. Original reservoir porosity and permeability are primar-
ily controlled by tectonic and depositional evolution history, which determine 
the mineral composition, grain size, roundness and sorting. Subsequent diage-
netic processes occur after burial, which may play opposite roles in changing the 
porosity and permeability. To be specific, the diagenetic mechanisms controlling 
the reservoir quality mainly include compaction, cementation, dissolution, and 
authigenic clay minerals [3]. Thus, an understanding of these parameters or 
geological terms is very important to characterize hydrocarbon reservoirs. 

Sedimentary basins in Cambodia are subdivided into seven basins. In the on-
shore region, there are Tonle Sap, Kampong Som, Khorat, Preah, Chhung, and 
Svayrieng basins whereas only the Khmer basin is offshore [4]. This study fo-
cuses on the reservoir characteristics, reservoir quality, and the factor that con-
trols the quality of hydrocarbon accumulation in Bokoor Formation where lo-
cated in the Teuk Chou district, Kampot province, South-western part of the 
Kampong Saom Basin (Figure 1). The Kampong Som basin is considered a fo-
reland basin covering a total area of ~28,000 km2 offshore and ~12,000 km2 on-
shore [4]. Bokor Mountain (referred to as Phnom Bokor) is considered the 
youngest sedimentary layer of Bokor formation having good reservoir rock that 
comes from the deposition of sediment during the Mesozoic. The Masozoic  
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Figure 1. Geological map of the study area in Kampot province, Southeast Cambodia. The red rectangle is the area at Bokor 
Formation. 
 

consists of Upper Jurassic Cretaceous successions for oil generation, also Upper 
Triassic to Middle Jurassic, and Upper Jurassic to Cretaceous sequences where 
expected as a reservoir for oil generation and deposit [4]. According to the un-
published locations of Angkor Resources Company in 2019, there are oil and gas 
seep and multiple oil and gas seeps have been discovered on the subsurfaces of 
some sedimentary locations at the Bokor Formation and mostly on many posi-
tions in Phnom Bokor areas. Those oil and gas seeps also contain the hydrocar-
bons of thermogenic origin after testing the most interesting location for con-
ducting petroleum exploration [5]. 

Bokor Mountain is a natural hill location situated in Teuk Chhou District, 
Kampot province, southeast of Cambodia with 1075 m high above sea level. The 
locations have many sedimentary outcrops dominantly by sandstone facies, one 
of the siliciclastic sedimentary rocks with good hydrocarbon accumulation for 
the potential of petroleum exploration [6]. From previous research on the Kam-
pong Som onshore basin, there is no more discovery on sandstone characteriza-
tions, especially on the sedimentary outcrops of Phnom Bokor where dominated 
by sandstone and clay sediment lithofacies. However, details characterization of 
sandstone reservoir as well as depositional environment have yet been docu-
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mented. Furthermore, during oil and gas exploration, the characterization of 
sandstone reservoir and depositional environment are the crucial factor that 
controlled on reservoir quality and reservoir heterogeneity. Therefore, it is criti-
cal for this study to improve understanding of characterization of sandstone reser-
voir and depositional environment of sandstones in the Kampong Som basin. 

2. Methodology and Materials 

Nine samples were collected from Bokor Formation after observation of the 
stratigraphic column obtained during geological fieldwork. The specimen sam-
ples were collected by hammer, mobile rotary drilling, and chisel. Sandstone 
samples including labeled BKSS03, BKSS06, BKSS07, BKSS09, BKSS10, BKSS15, 
BKSS18, BKSS19, and BKSS21, were collected during the construction stratigra-
phy column. The sandstone samples are analyzed through physical properties, 
petrography, petrophysics, and scanning electron microscope (SEM-EDS) analy-
sis in order to obtain both qualitative and quantitative results. 

2.1. Lithofacies and Stratigraphy Measurement 

The stratigraphic column must be included information, such as rock units, the 
thickness of lithology, sedimentary structure, grain size, sorting, geological struc-
ture, dip and strike, coordinate, composition, photo of the outcrop, and sample 
number. Importantly, it is required to note the date, place, and specialty of for-
mation to easily recognize the recorded information after finishing geological 
fieldwork. In this study, stratigraphy measurement was carried during geological 
field investigation in Bokor Formation by observing the outcrop of the sedimen-
tary rock. The data collection will be summarized in sedimentary template by 
using Corel drawing program. The equipment that was used in this field includ-
ing: Notebook or sedimentary template, GPS, Compass, Jacob staff, Hand lens and 
geological hammer. Stratigraphy measurement revealed the different types of se-
dimentary structures at Bokor formation are recognized as planar cross-bedding, 
cross-bedding, parallel lamination, normal grading, massive, wavy and reverse 
graded-bedding. Lithological characteristics of each rock unit and associated se-
dimentary structure (Figure 2). 

According to stratigraphy measurement, there are two lithofacies, sandstone 
and claystone at Bokor formation. Phnom Bokor is one part of Kampong Som 
basin deposited by post-rift Jurassic to Cretaceous sediments mainly sandstones 
and clay sediment formation [4] [7]. Such interesting locations for hydrocarbon 
exploration, a geological fieldwork also conducted to Phnom Bokor location to 
clearify more evident to such as lithofacies, sedimentological structure and stra-
tigraphy of sedimentary rock at there. As conduction geological fieldwork, sedi-
mentary facies, structure and stratigraphy have been recorded as shown in 
(Figure 2). The sedimentary outcrops at Phnom Bokor having depth extension 
around 140 meters starting from location’s coordinate 401207; 1174169 with 
planar strike N2010 and dip 330. Lithology at their composed mainly sandstone  
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Figure 2. Stratigraphy column of Bokor formation describes the sedimentary texture, 
sedimentary structure and two lithofacies type of sandstone and claystone. (a) is the outcrop 
photos of the Bokor Formation. (b) is the sedimentary structure of planar cross bedding. (c) 
and (d) show the sandstone and claystone samples that collected from outcrop. 
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inter bedded with some strongly weathered sandy clays and clay sediments 
(Figure 2). Most sandy clay to clay sediments have total depth less than 10 me-
ters. Some of clay sediments having gray color with wavy sedimentary structure 
(depth 2.0 m to 2.3 m) while other clay sediments have white to gray color that 
mostly massive structures and some are parallel lamination structures. There has 
no any geological structure was found on the sedimentary outcrop. Sandstone is 
the most abundant rock sediment of the study location. Finely to coarse grain 
and some highly matrix, that some having white, milky, gray and pink colors, 
sandstones under weekly to strong weathering condition. Most sandstone are 
occurred as massive, parallel lamination, planar cross-bedding, normal grading 
and some are reverse grading as primary sedimentary structures during deposit. 
Each sample having noticed clearly on out-crop locations. 

For BKSS03, 18˚ planar cross-bedded structure, medium grain sandstone with 
light pink color containing clay lens along with 1 - 1.5 cm width. BKSS06 is fin-
ing grain upward as normal shorting, about 1 cm quartz grain, fine to medium 
grain size having white color sandstone. BKSS07 founded as fine grain mixed 
with less than 1 cm of subrounded, fined grain, well sorted, white-light pink, 2 m 
bed-set cross-planar bedding sandstone. BKSS09 is white pink medium grain 
size, massive structure with 0.4 to 0.7 m bed set, containing 0.1 to 1 cm grain 
size. BKSS10 is coarsening upward grading structure as coarse sand, grey white, 
thin layer mixed with fine sand. BKSS15 is fine-medium, moderate matrix, wea-
thering color, light brown, laminated (287˚/15) while BKSS18 is fine grained 
sandstone, highly weathering, pink color, highly matrix with massive structure. 
BKSS19 indicated medium-coarse grain, white sandstone, moderated shorting, 
and subangular to subrounded. BKSS21 are mainly composed of white color, 
medium to coarse grain, subangular, poorly sorted, and mass structure. 

2.2. Petrography Analysis 

Petrography is a method to analyze samples based on the color observation of 
minerals under the Optical Microscope. This method provides qualitative in-
formation about mineral composition, texture, relative porosity, and the diage-
netic process. There are nine sandstone samples (BKSS03, BKSS06, BKSS07, 
BKSS09, BKSS10, BKSS15, BKSS18, BKSS19, and BKSS21) were cut into the 
standard petrographic sample are prepared for petrography analysis. They were 
glued with a glass slide thin section using struts specifics resin, and blue-dyed 
powder mixed with a curing agent in a ratio of 10:1. Thin section samples were 
analyzed with a transmitted light microscope using Cross Polarized Light (XPL) and 
Plane Polarized Light (PPL) under Optical Microscope (Model: ECLIPSE CI-POL.B) 
and determine mineral percentage base on comparison chart estimation. 

2.3. Petrophysics Analysis 

Petrophysics is carried out to determine the rock’s ability to store the fluid and 
allow for their movement within the reservoir, which were presented as porosity 
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and permeability, respectively. Seven core sandstone samples (BKSS03, BKSS06, 
BKSS07, BKSS09, BKSS10, BKSS15, and BKSS18) were prepared to test both po-
rosity and permeability for the measurement under the TPI-219 helium porosi-
meter and TKA-209 nitrogen permeameter that represents the reservoir quality 
at Bokor formation. 

2.4. Scanning Electron Microscope Analysis (SEM-EDS) 

There are three sandstone samples are prepared for scanning electron micro-
scope analysis. Scanning electron microscope (SEM-EDS) is a method that pro-
vides qualitative information about pore geometry, locating and identified min-
eral, particularly clay mineral that use to determine based on their microstruc-
ture properties. SEM-EDS works by using high energy focus on beam electron. 
When beam electron hits the sample, it causes secondary electrons to be released 
from sample which are detected to provide an image based on the topography of 
the surface. In addition, EDS is also evaluated with SEM which is called SEM-EDS 
(JMS IT 500) analysis. In this study, thin section of sandstone samples was pre-
pared and coated with platinum to determine type of clay mineral and also de-
fine pore size, pore type and pore connected in bulk sample. In addition, SEM- 
EDS analysis has been conducted at the Nanostructure and Chemical Analysis 
laboratory, Institute of Technology of Cambodia (ITC), Cambodia. 

3. Results and Discussions 
3.1. Petrography Analysis 

Based on the result of petrography analysis, sandstones from the Bokor Forma-
tion are classified into Quartz Arenite (Figure 3), Pettijohn et al’s classification  

 

 
Figure 3. Sandstone classification at Phnom Bokor location following the Pettijohn et al., 
1973 [8]. 
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[8]. The sandstones are mainly composed of different minerals such as quartz 
and rock fragment. The abundant of clastic grain is quartz which is composed of 
both monocrystalline and polycrystalline that components ranging from 95% to 
97% with an average composition of about 96%. The monocrystalline quartz is 
dominated in the sandstone samples rather than polycrystalline quartz which is 
almost 95% of monocrystalline quartz grain. The monocrystalline of quartz grains 
varies from sub-angular to sub-rounded grain shape (Figure 4(c) and Figure 
4(d)) and (Figure 4(e) and Figure 4(f)), partially low to high spherical, and 
poorly to well sorted, which have a grain size ranging from 100 μm to 300 μm. 
Polycrystalline quartz grains are composed of two or more crystals (Figure 4(g) 
and Figure 4(h)). The crystal boundary of polycrystalline quartz often be ob-
scured due to recrystallization, but extinction characteristics generally indicate 
the polycrystalline nature. The boundary between the crystals of polycrystalline 
quartz may be straight or sutured [1] (Figure 4). A few quartz grains have nu-
merous vacuoles as indicated by their cloudy appearance. Photomicroscope also 
indicates that the amount of quartz grains slides past each other and packed 
tighter or penetrated one another causing concavo-convex grain contact and su-
tured contact (Figure 4). Furthermore, some quartz grain shows grain fracturing 
with a small amount of clay filling. 

Lithic grains (rock fragments) are found to be the most abundant to feldspar 
among the detrital components. The range of total lithic grains is 2% to 4% with 
an average of 3% which are presented as fine-grained material with grey to white 
color in XPL and light brown color in PPL (Figure 4). Lithic sedimentary grains 
are found to be more abundant than lithic metamorphic grains (Figure 4). Very 
few traces of lithic volcanic grains are found. The lithic sedimentary grains con-
sist of mainly sand/siltstone fragments with little chert and argillite shale (Figure 
4). Among the lithic metamorphic grains, schist mica-schist and graphite-mica- 
schist are common. In this case, it indicates that it may be eliminated by the dis-
solution that is replaced by the clay matrix during the diagenesis [1] [9]. 

Clay matrix is recognized based on the fine-grained material deposited be-
tween larger particles, such as quartz, feldspar, and rock fragment. Under the 
microscope, the matrix commonly has dark grey color in XPL and dark brown 
in PPL (Figure 4). Clay matrix is also seen to be present in Bokor sandstone 
which is identified by its fine-grained material and bright color in XPL. There 
was less amount of matrix contained in the sandstones which could be consi-
dered as clean sandstone with less than 15% of the matrix [8]. This less amount 
of matrix is indicated that the pore throats are less resulting in the loss of inter-
particle pores influenced by matrix [10]. Matrix is the second dominant compo-
nent in the sandstone samples in composition. 

However, it also presents deformed mica-flake as bending between quartz grain 
contacts (Figure 4(a) and Figure 4(b)). The quartz grains and mica flake in the 
center of the view are surrounded by numerous small crystals with low relief and 
show first order grey interference colors. Thus, this is evidence of mechanics 
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Figure 4. Photomicrographs of sandstones from Bokor formation. The left and right sides are images observed in PPL and XPL, 
respectively. (a) and (b) indicated dissolution of quartz grain, clay mineral, mica-flake, and sericite cement. (c) and (d) showed 
interparticle pores, monocrystalline quartz, sutured contact, and long contact. (e) and (f) displayed rock fragments, monocrystalline 
quartz, sutured contact, and quartz overgrowth. (g) and (h) indicated clay mineral, concave-convex, polycrystalline quartz, mica, 
and fracture. RF: Rock fragment, Qtm: Monocrystalline quartz, Qtp: Polycrystalline quartz. 
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and pressure dissolution that occurred during the diagenesis phase caused by a 
loss in the primary porosity of sandstone [11]. Silica dissolved during the process 
may be precipitated as cement away from grain contacts, leading to the destruc-
tion or occlusion of porosity (Figure 4) [1]. Mica generally occurs along part-
ings, laminae, or bedding planes and frequently shows bending due to compac-
tion (Figure 4(g) and Figure 4(h)). 

Pore relative porosity in sandstones could be analyzed under petrography 
analysis using photomicrograph in plane-polarized light (PPL) and cross-polarized 
light (XPL) views (Figure 4), for qualitative interpretation of the reservoir rock 
properties. The observation under the thin section microscope is essential for the 
identification of pore type, pore connectivity, and pore size which could be used 
to identify the factor controlling reservoir quality. Based on the results of the 
sandstone reservoir from the Bokor Formation indicated the pore size ranges 
from 50 μm to 500 μm with interparticle pore type (Table 1). The pore spaces 
are primary pores that contribute to the increased porosity and their pore throats 
are well connected between one pore to another pore, thus the texture is tended 
to produce high permeability for hydrocarbon reservoirs. In addition, the pores 
are also unconnected with each other that is corresponding to authigenic clay 
precipitated by filling in the pore, which leads to reduce the permeability of the 
fluid to flow and porosity for the hydrocarbon reservoir. 

3.2. Petrophysics Analysis 

The results of porosity obtained from the helium porosimeter shows the seven 
sandstones from Bokor Formation contain a porosity value between 6.55% to 
13.19% with an average of 9.80%, which there are four sandstones indicated that 
poor reservoir rock, and three sandstones showed fair reservoir rock (Figure 5). 
Based on these data and the classification of North, 1985, it is classified into fair 
porosity [12]. On the other hand, the absolute permeability measuring from the  

 
Table 1. The characteristic of pore type, pore size, and pore connected of sandstone 
samples at bokor formation. 

Location Sample ID Pore type Pore connectivity Pore size 

Phnom Bokor 

BKSS03 Interparticle Unconnected 100 - 200 

BKSS06 Interparticle Connected 80 - 320 

BKSS07 Interparticle Unconnected 50 - 150 

BKSS09 Interparticle Connected 100 - 400 

BKSS10 Interparticle Unconnected 50 - 150 

BKSS15 Interparticle Connected 100 - 500 

BKSS18 Interparticle Unconnected 100 - 200 

BKSS19 Interparticle Unconnected 50 - 130 

BSKK21 Interparticle Connected 100 - 540 
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core samples are range from 10 - 60 mD with an average of 36 mD. Based on 
these data and the classification of Koesoemadinata, 1980, the permeability is 
classified as fair to good reservoir quality for fluid flow [13] (Figure 6). The dif-
ferences of permeability values of Bokor formation may be influenced by grain 
packing, grain sorted, and clay mineral content which occurred during diage-
netic stage. 

3.3. Scanning Electron Microscope Analysis (SEM-EDS) 

The observation three samples such as BKSS03, BKSS06, and BKSS09 under 
SEM analysis is important for the identification of pore type, pore connectivity, 
and pore size which influences the reservoir quality and heterogeneity. Moreo-
ver, SEM analysis can also identify the structure of clay minerals that mostly fill  

 

 

Figure 5. Summary result of porosity obtained from helium gas injection of sandstones at 
bokor formation. 

 

 
Figure 6. Summary result of permeability after Klinkenberg correction for sandstones at 
bokor formation. 
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into inter-particle pore or coating on detrital grain mineral. Based on the results, 
most of pore type are inter-particle pore that are mostly connected and uncon-
nected (Table 1). Moreover, there are three types of clay mineral, such as kaoli-
nite, chlorite, and illite (Figure 8), which partly formed in pores and coated on 
quartz grain (Figure 7). 

3.3.1. Pore Type 
Based on the scanning electron microscope analysis (SEM), pore type, pore 
connected and pore size of three sandstone samples such as BKSS03, BKSS06, 
and BKSS09, the pore size of Bokor formation sandstones is varied from ~1 - 200 
μm. This is because most of pores are inter-particle pore (Figure 7) and the pore 
network is also poorly connected that is corresponding to authigenic clay preci-
pitated by filling in the pore throat leading to decrease porosity and permeability 
(Figure 7). 

3.3.2. Clay Mineral Structure and Composition 
Clay mineral is the most common cement in sandstones. It occurred in sand-
stone by pore filling and coating on detrital grain mineral. Most of clay minerals 
are the result of the alteration of quartz and lithic fragments. The dissolution of 
quartz grain and feldspar grain produces secondary porosity and authigenic clay 
mineral formed as cement between the grains. Kaolinite, illite, and chlorite are 
the major clay minerals that act as cementation in sandstone in this study area 
[14]. 

According to SEM analysis, kaolinite is the most common clay mineral pre-
sented almost all sandstone samples at Bokor formation. (Figure 8(a)) show that 
the pore is filled by kaolinite and coating with quartz grain. It is identified by 
vermicular booklets crystals that are filled in both primary and secondary pore, 
high inter-crystalline microporosity. On the other hand, kaolinite also observed 
by coating of detrital quartz grain due to SEM-EDS analysis showed chemical 
composition Al, Si, and O (Figure 8(a). In addition, Illite is the second most 
abundant clay mineral in all sandstone. It occurred as pore filling especially in 
pore throat between grains (Figure 8(b)). Under SEM images, illite formed as 
vermicular stacked similar to kaolinite because it occurred by transformation 
from kaolinite and smectite through to illitezation process. The characteristic of 
smectite can transform to illite through the process illitezation. It contains mag-
nesium (Mg) and iron (Fe) by the process of illitezation; and it releases this 
chemical composition depending on initial chemical composition of rock, which 
is indicated in SEM-EDS of chemical composition as O, Al, Si and K (Figure 
8(b)). Moreover, the chlorite clay exists in the succession as pore-filling cement 
and as grain-coatings on authigenic minerals (Figure 7(c)). It occurs as scat-
tered crystals, as rims on quartz overgrowths and is intergrown with authigenic 
kaolinite (Figure 7(f)) and (Figure 8(c)). In some samples, chlorite is also 
present as grain-coatings on kaolinite. The chlorite clay is the one of the com-
mon authigenic minerals present in the samples. SEM image shows that the  
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Figure 7. SEM image display pore of sandstone in Bokor Formation. (a) and (b) showed about primary pore and secondary pore 
coating and filling of clay mineral, quartz cement, and quartz crystalline in pore space. (c) indicated quartz grain and quartz 
crystalline filling in pore space. (d) Clay mineral filled in interparticle pore. (e) showed about the interparticle pore replacement by 
authigenic clay. (f) indicated of kaolinite grain coating and filling in pore, and chlorite filling in pore space. 

https://doi.org/10.4236/ijg.2023.148042


V. Oeur et al. 
 

 

DOI: 10.4236/ijg.2023.148042 805 International Journal of Geosciences 
 

 
Figure 8. SEM images showing clay mineral at Bokor Formation. (a) Kaolinite coat on detrital grain with quartz and filled in pore 
with showing vermicular booklet structure. (b) and (c) Illite growth in pore throat and formed as vermicular stacked similar to 
kaolinite. (d) Chlorite coat on detrital grain. SEM-EDS is below of image showed about the chemical composition of clay, 
kaolinite, illite, and chlorite of sandstone. 
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chlorite crystals have euhedral and sub-euhedral shapes and are arranged in ro-
sette pattern (Figure 7(f)) and (Figure 8(c)). The crystals are arranged perpen-
dicular to the detrital grains thus they tend to face the pore spaces. It is possible 
that the chlorites were formed in the late stage of the diagenetic process under 
intense temperature and pressure. The SEM-EDS analysis showed chemical 
composition Mg, Fe, Al, Si, K, and O (Figure 8(c)). Elements such as silicon, 
aluminum and potassium were released from dissolved detrital grains to form 
some potassium and aluminum salts. Some of the magnesium could have been 
supplied from the breakdown of ferromagnesian minerals into pore waters. 
Chlorite is a common cement in channel sandstones and the Fe released as can 
be observed from SEM-EDS analysis (Figure 8(c)) resulted in the formation of 
iron-chlorite in reducing environments. 

4. Discussions 

Through the data analysis from stratigraphy, petrography, petrophysics and 
scanning electron microscope (SEM) analysis, the reservoir properties and depo-
sitional environment of sandstones at the Bokor formation of the south-east 
Kampong Sam sedimentary basin can be characterized. Moreover, this data pro-
vided the information to reveal the factors that control on reservoir rock. 

4.1. Reservoir Quality 

Based on the result of petrophysics analysis, the relation between porosity and 
permeability is made in the context of various aspects to find a reliable relation 
between porosity and permeability. (Figure 9) shows the porosity and permea-
bility relation of sandstones at Bokor formation. Regard to this plot, it shows a 
low correlation for all sandstones at Bokor formation which is interpreted as 
poor to fair porosity for reservoir rock and fair to good permeability for fluid  

 

 
Figure 9. The relationship between helium porosity and nitrogen permeability of all 
sandstone in bokor formation. 
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flow [12] [13]. This is because these sandstones have different properties such as 
pore size, pore connectivity. According to the result of porosity and permeabili-
ty, the reservoir properties of the Bokor formation have low porosity and per-
meability, averaging 9.80% and 36 mD, respectively (Figure 9). Therefore, the 
particle size and properties of clay minerals impact the relationship between po-
rosity and permeability. In addition, the porosity and permeability values are 
suggested to be a fair reservoir quality. This is because most of the pores are 
mostly contributed from the isolated pores which their pore throats are interpar-
ticle pore and unconnected to well connected with pore size between 50 μm to 
500 μm (Figure 4 and Table 1). 

4.2. Reservoir Heterogeneity (Factor Control Reservoir) 

Based on petrography analysis, most of the sandstones at Bokor formation are 
identified by interparticle pores that have a pore size range of ~50 μm to 500 μm, 
and pore throat between grains are poorly connected to well-connected pores 
(Figure 4). This is because grain sizes are medium to coarse grain, well-sorted 
with sub-angular to sub-rounded. During the diagenetic stage, the grain packing 
is well arranged and produced more interparticle pore in bulk samples. There-
fore, the porosity and permeability values in Bokor sandstones are increased 
when grain packing is well arranged by producing more interparticle pores [15]. 
The effects of diagenetic processes on the sandstone of the Kampot formation 
include the reduction of porosity by compaction and cementation as well as, the 
enhancement of porosity by dissolution [16]. The best quality rocks are charac-
terized by medium to coarse grain size, good sorting with high percentages of 
detrital quartz, and low percentages of matrix and cement (quartz and calcite). 
Most quartz in sandstones occurs as subangular to subrounded monocrystalline 
fragments. Grain contact changes from dominantly floating to the point, long 
contact, and concavo-convex shapes due to the progressive burial and compac-
tion effect. The detrital quartz grain contacts are transformed from point to long 
and concavo-convex contacts due to severe mechanical compaction, which re-
duces permeability [17]. In addition, the large amount of authigenic clay miner-
al, kalinite, illite, and chlorite in isolated pore, pore lining and pore throat also 
reduced porosity and permeability (Figure 7 and Figure 8), However, there are 
some cases which large amount of clay in pore-throat has reduced permeability. 
Clay minerals in sandstone commonly altered from quartz grains, feldspar 
grains dissolution and rock fragments. Clay minerals are usually considered de-
trimental to the quality of sandstone reservoirs, as they can clog pores and some 
clay minerals advocate chemical compaction [18]. Most clay minerals formed 
where rocks are in contact with water, air, or steam in many conditions such as 
weathering, erosion and also diagenesis [19]. Hence, the properties of pore size, 
pore type, and pore network and clay mineral are influenced on both porosity 
and permeability. Monocrystalline quartz under the influence of increasing 
pressure and temperature, uncorrelated single-crystal quartz gradually trans-
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forms into corrugated quartz, polygonal quartz (quartz exhibiting well-defined 
extinction bands with sharp boundaries), and finally changes to polycrystalline 
quartz [20]. Presence of secondary quartz overgrowths around primary quartz 
grains will make reduction in pore space due to pressure solution [21]. Grain 
contact types also reveal some diagenesis mechanism reflecting influence of pres-
sure solution suggested the key evidence of compaction and consolidation on the 
sandstone [14]. Long grain contact, concave-convex and sutured contacts are 
identified on the thin section’s photos (Figure 4). Long grain contact and con-
cave-convex grain contact indicate the sandstones have undergone substantial 
compaction indicate intermediate depths whereas Sutured contacts indicate di-
agenesis and deep burial [14]. The concave-convex and sutured contacts are 
mostly representative of intense compaction and pressure dissolution process 
during deep burial diagenesis [14]. The effect of detrital grain size and grain 
sorting on permeability and helium are indistinct comparing to other data point 
[22]. clay minerals in these samples may trapped in the small necks of pores 
provide increased fluid pressure to maintain flow, reducing the overall permea-
bility of porous systems. The occurrence of quartz overgrowth is influenced on 
the lost of primary porosity due to the development of new crystalline and wide-
spread close to inter-granular contact [2]. In some cases, quartz overgrowth can 
retard or prevent porosity lose from mechanical compaction by increasing grain 
size [23]. In the Bokor formation, there are more positive correlation between 
quartz overgrowth and primary porosity. Most of sandstones at Bokor formation 
have quartz overgrowth which grain size are medium to coarse grain (Figure 
4(e) and Figure 4(f)) and have been tightly compacted (Figure 4). In this case, 
Bokor formation sandstones may be affected by high temperature of geothermal 
gradient and high pressure from overburden pressure. Thus, the positive corre-
lation of quartz overgrowth and primary porosity reveal that porosity can be in-
creased with increasing of quartz overgrowth. The compaction is prevented by 
quartz overgrowth; that causes primary porosity to be stable. Deposition of 
quartz overgrowths is recognized in many studies as a mechanism for porosity 
loss in sandstones. 

4.3. Depositional Environment 

The depositional environment of the sandstone samples in Bokor formation 
have been interpreted based on the detail study of the stratigraphic log, and pe-
trography analysis. The sandstone lithofacies at Bokor formation consist of se-
dimentary structures, such as planar cross-bedding, cross-bedding, parallel la-
mination, normal grading, massive, wavy and reverse graded-bedding, which 
indicates these lithofacies may be deposited in shallow marine environment [24] 
[25]. Moreover, the result of petrography analysis showed sandstones are quartz 
arenite which are dominant of quartz mono and polycrystalline over 95%. The 
highly content of this quartz is suggested as shallow marine sandstone. Further-
more, sandstone in Bokor formation contain grain size from medium to coarse- 
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grained, which is caused by high energy and rapid flow condition in shallow ma-
rine environment [25] [26] [27]. In addition, the characteristic of cross-bedding 
with normal and revers graded are related with increasing current and wave ve-
locity that occurred near the surface [24] [26] [28]. On the hand, quartz over-
growth of sandstone facie at Bokor formation usually formed in shallow marine 
diagenetic environment and in the early diagenetic stage under temperature 
greater than 100˚C [20], it occurred as syntaxial overgrowth by growing contin-
ue from quartz grain, and the result is given quart grain more euhedral crystal face 
as well as the increase in grain size [16]. Clay minerals in sandstone commonly al-
tered from feldspar grains dissolution, quartz grains and rock fragments. The 
dissolution occasionally occurred at shallow depth by meteoric water [24]. 

5. Conclusions 

The study on the characterization of sandstone reservoir in the Bokor formation 
of the Kampong Som basin was successfully completed. The insight results of 
petrography, petrophysics, and SEM-EDS derived from this study are interesting 
to understand reservoir properties and controlling factors on reservoir rock (he-
terogeneity). The main findings of this study can be concluded as follow: 
• The sandstones in Bokor formation mainly consist of quartz (95.19% to 

97.83%), and rock fragment (2.17% to 4.81%), which is classified into Quartz 
Arenite. 

• The sandstone in this study area is relatively low porosity and permeability, 
9.80% and 36 mD in average, respectively. It is potentially fair reservoir qual-
ity for hydrocarbon accumulation. 

• Three types of clay minerals are identified in sandstone in the Bokor forma-
tion such as kaolinite, illite, and chlorite. 

• Pore geometry, clay mineral, quartz overgrowth, and diagenesis processes are 
the controlling factors on sandstones reservoir quality in the Bokor formation. 

• As a result of the mineral composition and sedimentary structures, the sand-
stone samples from the Bokor formation could have been deposited in a 
shallow marine environment. 
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