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ABSTRACT:

Porosity and permeability play a prerequisite
role for hydrocarbon reservoirs and fluid flows,
especially in sandstone reservoir rocks. The rocks
with high porosity decrease down to lower porosity
with increasing burial depth due to compaction,
cementation and precipitation of authigenic
minerals in pores from over saturated solution of
minerals. The detailed study of the authigenic clay
mineral formation in pore spaces of sandstone
reservoir rocks is therefore crucial to estimate the
degree of reservoir rock quality.

In this study 20 sandstone cores taken from
the interval burial depths of 3,700 m - 4,200 m from
Oligocene sandstone sequence of a well in the
West of the Cuu Long basin, offshore Vietnam,
were analyzed by SEM and thin section.
Authigenic clay minerals were formed due to
temperature and chemistry changes and owing to
dissolution of less stable minerals in these burial
depths. Authigenic chlorite mineral appears quite
abundantly and illite is less frequently. Chlorite was
formed from the elements Al and Si, which were
released from dissolved grains and Fe and Mg
supplied from breakdown of the ferromagnesian

minerals of rock fragments and matrix components
into pore waters in the burial stage. lllite is
associated with the expense of grain dissolution of
feldspar, volcanic fragment. Chlorite mostly
appears as a coating or mats comprising of small
pseudo-hexagonal crystals arranged
perpendicular to detrital grain surfaces. Grain-
rimming chlorites on quartz grain are responsible
for the preservation of the porosity in the
sandstones because they limit the formation of
quartz overgrowth.

Additionally fibrous or flaky illite bridging the
pores between the grains creates permeability
barriers to fluid flows through the sandstones.
Thus illite significantly reduces the permeability but
to lesser extent affect porosity. Locally, smectite
mixes with illite or chlorite and is not abundant in
the studied samples. It therefore has no significant
impact on the porosity and permeability as well.

The variations of the porosity and the
permeability of the studied sandstones depend on
the generated degree and the arranged patterns of
chlorite and illite in pore spaces.
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1. INTRODUCTION

Cuu Long basin is a Tertiary rift basin situated on
the southern shelf of Vietnam. It stretches out an area of
roughly 36,000 km?. As so far, the Cuu Long basin is
being estimated the largest petroleum reserve in
Vietnam with Bach Ho, Rong, Rang Dong, Hong Ngoc,
Su Tu Den, etc. exploiting wells [1]. According to the
previous investigation, the Oligocene sandstone
reservoir rocks are estimated the good hydrocarbon
reservoir quality [2]. However, the properties of
Oligocene sandstones are unstable as the porosity is
varying from low to high levels and these sandstones are
being explored and exploited hydrocarbon in the Cuu
Long basin [1].

Authigenic clay mineral assemblages in Oligocene
sandstone reservoir rocks are an important role in
hydrocarbon exploration because they have significant
effects on sandstone properties in terms of porosity and
permeability. The properties are related to hydrocarbon
reservoir quality and fluid flows through pores in
sandstones. Authigenic clay minerals are formed during
post depositional processes. Clay minerals are distinct
distribution pattern and morphologies. Therefore, the
investigation of the authigenic clay mineral
assemblages, which are formed in pore spaces of the
Oligocene sandstone reservoir rocks in the Cuu Long
basin, not only qualifies the change in porosity and
permeability during the diagenetic processes of rocks,
but also allows to estimate the amount of reserved oil in
the reservoir rocks.

2. METHODS

To study the formation of authigenic clay
assemblages in pore spaces, sandstones were collected
from core samples in Oligocene sequence of a well in
the Cuu Long basin at the depth from 3,700 m to 4,200
m, offshore Vietnam. Then selected samples were
analyzed by thin section petrography, scanning electron
microscopy (SEM), energy dispersive X-ray system
(EDX).

Optical microscopy: Pores within sandstones were
stained blue epoxy resin. Thin sections were either
polished or covered with glass after staining. All thin
sections were studied with petrographic microscope
under plane and cross polarized light. The investigation
reveals the characteristics of detrital grains, texture,

authigenic minerals and porosity. Determination of
mineral composition and visible porosity was
performed by the point counting data of 300 points per
thin section [3, 4]. The sandstone was classified as [5]
classification. The grain size distribution of sandstone
was measured by long diameter of 100 grains per thin
section. The textural terminology as mean grain size,
grain sorting, roundness and grain contacts was based
on [6, 7] classifications.

Scanning electron microscopy (SEM) and energy
dispersive X-ray system (EDX): Crystal morphology of
the authigenic minerals, type of authigenic minerals,
their relation to framework grains and pore network
were examined with SEM and element analysis was
done by EDX. This analysis reveals the texture and
fabric of sandstone and aids to recognize the post
depositional alteration. The sandstone samples were
separated into small pieces and mounted on a sample
holder. The samples were coated with a thin gold layer
in a polar on sputter coater to improve the resolution.
The scanning electron microscope JEOL (JSM-
5600LV) system was operated with beam voltages of 20
kV and with 15 kV for the energy dispersive X-ray
system (EDX). SEM images were taken digitally in
secondary electron (SE) mode and as chemical element
spectra.

3. RESULTS

The Oligocene sandstone reservoir rocks are
varying from very fine to medium in grain size, poorly,
moderately to well sorting. The sandstones with
subangular, subround and round clastic grains indicate
the sediments are transported not far from the supplied
source. The grain to grain contacts are mainly point to
point and parallel to the long axis of the grains,
suggesting that the grains were mechanically
compacted. At higher depth the grains were more
strongly compacted so many of the contacts between
grains have undergone solution leading to the
penetration of one grain into another. Therefore, the
grain contacts are concavo — convex. The most
abundant component of the investigated sandstones is
quartz, roughly 20% to 30% in total of sandstone
volume. Less abundant amounts are alkaline feldspar
5%— 15%, plagioclase 10% — 20% with subordinate
rock fragments such as volcanic rock, chert, quartzite
and granite indicating that the clastic grains derived
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from weathered igneous and/or volcanic rocks.
According to R. L. Folk 1974, 1980 classification [5],
the sandstones are as classified arkose rocks, which are
less than 15% detrital matrix (figure 1). With grain
textural features, framework grains and inhomogeneous
grain size showing that the detrital grains deposited in
the environment with unstable flow energy. The
previous investigations by Tran Le Dong and Phung
Dac Hai, 2000 [1] demonstrated that the Oligocene
sandstones were formed in fluvial environment and
alluvial plain — lacustrine.

The porosity of the investigated sandstones, which
are generated by arrangement of detrital grains, is
highly controlled by diagenetic processes as
cementation, compaction and dissolution. The result
reveals that the pore spaces in the sandstones are
varying and in low levels in estimation. The pores are
occluded by clay matrix, carbonate cement and
authigenic minerals. In addition, the visible porosity is
enhanced by dissolution of less stable grains as feldspar,
volcanic fragment, etc. (figure 1).

Figure 1: Image A, cross polarized light, shows sandstone
taken at 3853 m depth. Image B, plane polarized light,
sandstone was taken from 3727 m depth.

The photomicrograph A is showing arkose. The
grain contacts in the sandstone are tangential and long
axis of grains (arrows). The abundant framework grain
composition is quartz (Q), including monocrystallline
and polycrystalline quartz, alkaline feldspar (K-f) and
plagioclase grains (Pl), minor amounts of rock
fragments as granite (G), volcanic rock, chert and mica
including biotite (Bi) and muscovite (Mus) which
shows bright color under cross polarized light. The
detrital grains are subangular, subrounded to rounded
shape. The clastic grains are packed by clay (CI). The
photomicrograph B shows the sandstone porosity with
open pores having blue color and leached feldspar
grains yielding secondary pores (arrows).

The studied sandstones have undergone multiple
diagenetic phases. Many authigenic minerals and
cement generations are formed during diagenesis.
Additionally, the dissolution of less stable minerals e.g.
feldspar, volcanic fragment and color minerals is owing
to pressure, temperature and chemistry changes that are
supplying ions into pore spaces. This is favorable
conditions for clay mineral precipitation. The clay
mineral assemblages in pores are the main reason to
deeply reduce porosity and permeability of the
sandstones. The abundant clay minerals in the
Oligocene sandstone reservoir rocks are chlorite and
illite. The clays are distinct morphologies and multi-
arranged patterns in pores as well as on the grain
coatings.

Observed illite is in multiple morphologies as illite
filaments are either surrounding the detrital grains or
replacing in leached unstable minerals such as feldspar,
volcanic fragment, kaolinite, etc. Illite ribbons
interweave in the form of pore-filling and pore-bridging
(figure 2). SEM image shows authigenic illite with
ribbons (Il) forming mats interwoven in pore space and
chlorite (Ch) in pore space (image A). These illite
ribbons like barriers to fluid flow through in pores.
Image B is showing illite filaments (Il) released from
the leached feldspar (F).

As investigated by Tran Van Nhuan, Bui Tri Tam,
etal., 2013 [8], illite was formed in the early diagenesis
and extended to the burial diagenesis. lllite ribbons thus
are created a baffle to fluid flow over pores suggesting
that illite has a great effect on the permeability of rocks.
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Figure 2: Sample taken from 4100 m depth in Oligocene
sandstone

Chlorite presents in different habits and
distribution patterns in the sandstone as individual
crystals with euhedral and subeuhedral shapes arranged
in rosette pattern, which are filling in pore. Chlorite
plates are either growing perpendicular to the grain
surfaces or in the form of grain rims (figure 3).

SEM image A is showing pore filling chlorites
with platelets arranged in a rosette pattern. The jagged
overgrowth of chlorite (Ch) covers a detrital grain
surface, as seen in SEM image B. Chlorite platelets are
the euhedral and pseudohexagonal crystals growing
perpendicular to detrital grain surfaces and facing into
pore spaces (image C).

Chlorite is probably generated in Fe-Mg rich pore
waters with supplying Al and Si released from dissolved
feldspars. In addition, chlorite occurs replacing less
stable framework grains, which are ferromagnesian
minerals e.g. biotite, volcanic rock fragment, pore-
filling cement and pore-lining cement. Chlorite is
present a great volume in pores of the sandstone. Such
chlorite as perpendicular to the grain surfaces is the
main cause to decrease both the porosity and

permeability of sandstones. Moreover, chlorite
completely surrounding quartz surfaces partly limits the
growth of quartz overgrowths.

Figure 3: Sample taken from 4200 m depth in Oligocene
sandstone.

Locally, the mixture of illite-smectite or chlorite-
smectite occurs in a small proportion and less frequently
in the sandstones. Therefore, these mixtures are not
highly controlling the porosity and permeability of
rocks.

4. DISCUSSION AND CONCLUSION

In the analyzed Oligocene sandstone reservoir rock
sample, the main component of framework grains is
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quartz, alkaline feldspar, plagioclase and amounts of
rock fragments. The sandstones are identified as arkose.
The detrital grains were deposited in the fluvial and
alluvial plain - lacustrine environments. The sandstones
have experienced multi diagenetic phases which are
indicated by the appearance of authigenic clay minerals.
This was demonstrated in a previous study by Tran Van
Nhuan, Bui Tri Tam, et al., 2013 [8]. The morphology,
amount and distribution patterns of the authigenic clay
assemblages in the pore spaces were shown in the result.
These illustrate that different clay minerals tend to have
variable volume of porosity with them and can have
different impacts on permeability because of occurrence
in distinct morphologies and positions within pore
network. This was evidenced by J.J. Howard, 1992 [9]
and P.J. Stalder, 1973 [10]. lllite filaments coating on

the grain surfaces may have less effect on permeability
than interwoven at pore throats. While chlorites that
grow perpendicular on the grain surfaces have more of
an influence on permeability than coatings on the grain
surfaces. Additionally, in case of chlorite, it depends
significantly on distribution pattern that chlorite has a
severe impact on both porosity and permeability of
sandstones. These results illustrate the effects of
authigenic minerals in sandstone reservoir rocks. This is
an importantly additional step to estimate the reservoir
quality. Furthermore, this is a significant feature for
hydrocarbon exploration and exploitation.
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TOM TAT:

D6 rbng va dé thdm cé mét vai trd quan trong
trong d4 chira hydrocarbon va dong chay cda chat
leu via, dac biét trong dé chira céat két. 6 réng
clia d4 gidm dén khi bj chén vui sau do swnén ép,
xi mang va sw két tinh cda khoang vét thi sinh
trong 16 réng. Vi thé, nghién ctu vé sy thanh tao
khoang vét thir sinh trong khéng gian 16 réng cda
d4 chira cét két [a can thiét dé danh gia chét luong
chra ctia d4.Trong nghién ciu nay, 20 mau I6i cat

két tap Oligocene duoc chon phan tich véi kinh
hién vi dién td& (SEM) va lat méng (thin section) &
dé sau ter 3700 m dén 4200 m tai mét giéng khoan
& phia Tay bdn triing Cdu Long, ngoai khoi Viét
Nam. Khoang vat sét thir sinh dugc thanh tao do
sw thay déi nhiét do, héa hoc va s hoa tan cia
nhing khoang vét kém bén viing & sau. Khoang
vét sét thir sinh chlorite duoc thanh tao kha phd
bién va illte kém phd bién hon. Chlorite duwoc thanh
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tao béi nhing nguyén té Al, Si duoc phéng thich
tr s hoa tan cda hat lwu tinh va Fe, Mg do sw
phan hdy cda nhiing khoang vat giau sat, magie
va khung da (matrix) duwoc bé sung vao nuéc 16
réng. lliite dwoc thanh tao tr sy hoa tan cda
feldspar va manh vun da ndi Iira. Chlorite thuong
c6 dang tinh thé gid luc giac, bao xung quanh bé
mat hat hay 1a phat trién vudng goc véi bé mat hat.
Chlorite bao quanh bé mat thach anh cé vai trd bdo
vé 16 réng béi vi chiing ngén cén sy phat trién cua
thach anh thi sinh trén bé mat cda hat thach anh.

Thém vao dé, illite c6 dang soi bac céu gidra cac
hat trong 16 réng tao nén nhiing tdm ngén can chét
luu chdy qua 16 réng. Do vay, illite lam gidm dé
thdm mét cach dang ké nhung it lam gidm dé réng.
Smectite —illite va smectite-chlorite khéng phé bién
trong nhifmg mau nghién ciu. Do dé, smectite —
illite v smectite-chlorite khéng dnh huéng nhiéu
dén do6 réng va dé thdm cda da. Sw thay déi cda
do réng va do thadm cda nhing méu (céat két)
nghién ctu phu thuéc vao mere d thanh tao va sw
sdp xép cua chlorite va illite trong 16 réng.

Tir khéa: SEM, Chlorite-illite, d6 réng, dé thdm, cat két
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