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ABSTRACT

This thesis is a study of the effect of environmental factors on the accumulation
of fossil fuel deposits based on the comparison of the geochemical character of three
Tertiary basins: the Krabi, Khian Sa, and Pattani basins. The purpose of this study
was to identify the depositional environments, source of sulfur, and age of
depositional environments using proximate and ultimate analyses, X-ray
diffractometry, X-ray fluorescence spectrometry, induced couple plasma, carbon and
oxygen isotopes, sulfur isotope, coal petrography, and paleontology analyses.

Tn the Krabi basin, Krabi province, the Bang Mark coal deposit is selected to be
study area. The earliest studied environment of this coal deposit is that of the
underburden. The depositional environment of this underburden is fluvio-lacustrine,
with some marine incursion indicated by clay minerals that were derived from
feldspar by weathering and hydrothermal alteration. Quartz is a major mineral of the
underburden; minor minerals are kaolinite, calcite, and illite. Subsequently, the
depositional environment changed to one for higher plants that were deposited in

swamp/lacustrine or brackish environments under reducing conditions. The Bang



Mark coal seam is of high quality. As and Pb contents are dominant in this coal seam.
Macerals present are mainly the huminite group, ranging from 50-70 percent, and the
liptinite group, ranging from 20-45 percent. Inertinite group macerals are rare, less
than 5 percent. In the overburden, the deposition of terrestrial organic matter deposits
alternated befwéen swamp, lacustrine, and brackish water environments. This resulted
in the organic matter having been accumulated in a reducing environment in the lower
part and gradually in an oxidizing environment in the upper part of this sequence.
Overburden minerals are mainly quartz, calcite, beta-disordered kaolinite, kaolinite,
glauconite, illite, and montmorillonite. The elements are dominantly Si, Ca, and Al
The minor elements are Ba, Cr, Ni, V, Zn, and Zr. The marine incursion into the basin
is indicated by the presence of montmorillonite and glauconite.

A high concentration of Si, Al, and Fe indicates the varying content of quartz,
kaolinite, and 1llite. A high proportion of calcite is associated with shell assemblages
that are carbonate-filled and cemented. In the southern part of the deposit, the 8'°C
values of Bellamya sp., Thiaridae gastropods, and Lamellidens sp. bivalves range
from —-1.2 to —5.7 permil and indicate freshwater shells in the lower sequence and
brackish water shells in the upper sequence. The Lamellidens sp. bivalves and the
Thiaridae gastropods in the interburden of the northern part of the deposit have 8'*C
value that range from ~2.6 to —4.2 permil. These values indicate a brackish water
environment. The §*S values show two sets. First set is ranging from -3 to +2 permil,
and second set is ranging from +4.8 to +10.4 permil indicate that most of the sulfur in
pyrite and coal was derived from a magmatic or hydrothermal source (5**S values are
close to zero) and derived from plants (6**S values ranges from +8 to +10 permil)
which underwent reduction by bacteria during or after deposition. Therefore, the
depositional environment of the Bang Mark coal deposit was predominately
terrestrial, though there were occasional marine incursions in the southern part of the
deposit area as indicated by the presence of marine clay minerals and glauconite. The
vertebrate Krabi mammal faunas within the coal seams indicate a late Eocene age of
31-34 million years.

The Khian Sa coal deposit is located in the northwestern of the Khian Sa basin

of Surat Thani province. Macerals in the coal and oil shale of the basin are dominantly
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the huminite and liptinite groups, with inertinite group macerals being rare. The
liptinite macerals are dominantly lamalginite, telalginite, sporinite, and cutinite.
These macerals indicate good hydrocarbon sources. The cutinite is mostly the Pinus
sp., which indicates temperate or high latitude plants. The coal was deposited in a
reducing shallow water swamp/lacustrine environment. The high proportion of Si in
the deposit varies as quartz, with Al in kaolinite, and with K in illite. The proportions
of As, Ba, Cr, V, and Zn are significant in both coal and oil shale samples. The high &
S value ranges from +8.45 to +10.3 permil and indicate that the sulfur occurred in
freshwater.

The Pattani basin is located in the Gulf of Thailand. The depositional
environment was studied using minerals, elements, and coal petrography of well
cutting samples from the basin’s stratigraphic sequences 2 to 5. The dominant
minerals are quartz, kaolinite, calcite, illite, montmorillonite, and plagioclase feldspar.
The high contents of Si and Al are associated with quartz and kaolinite. The elements
As, Co, Cr, Ni, Pb, V, and Zn are associated with coal, clay minerals, and shale.
Liptinite group macerals range from 30-80 percent and huminite group macerals are
less than 50 percent. The liptinite macerals are mainly exsudatinite, resinite, alginite,
liptodetrinite, sporinite, cutinite, and suberinite. Inertinite group macerals are minor
constituents, as are fusinite and sclerotinite macerals.

The depositional environment of stratigraphic sequence 2 was dominantly
fluvial and lacustrine/swamp, though some transgressive marine environments also
occurred. The sequences minerals are mainly quartz and minor beta kaolinite,
kaolinite, illite, calcite, and montmorillonite. The liptinite maceral content is more
than 50 percent and consists of exsudatinite, resinite, and liptodetrinite. The fusinite
maceral was produced by swamp fires and the drying out of the environment. The
depositional environment of stratigraphic sequence 3 was possibly dominantly swamp
or lacustrine. However, a transgressive marine environment occurred, especially in
the southern and middle part of the basin. This is indicated by the proportion of
montmorillonite and chlorite. The liptinite macerals are mainly exsudatinite, resinite,
liptodetrinite, cutinite, and alginite. The §*S value is —0.2 permil and indicates that
the sulfur was derived from magmatic or hydrothermal sources. Lacustrine and

swamp environments were dominant during deposition of stratigraphic sequence 4.
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The minerals of the sequence are mainly quartz and minor beta disordered kaolinite,
kaolinite, illite, calcite, and montmorillonite. Exsudatinite macerals are dominant in
the lower part of the sequence. Resinite, liptodetrinite, cutinite, alginite, sporinite, and
suberinite macerals occur in the upper part of the sequence. A fluvial environment
was possibly the dominant environment in the lower and northern parts of the basin.
In stratigraphic sequence 5, the depositional environment was dominantly
lacustrine/swamp. The minerals of the sequence are mainly quartz and minor amounts
of kaolinite, illite, calcite, chlorite, and halite. A transgressive marine environment
occurred in the southern part of the basin, as indicated by chlorite and foraminifera in
the Baanpot gas field. Pinus sp. pollen indicates the occurrence of temperate plants.
Liptinite macerals in sequence 5 and in the upper part of sequence 4 indicate that
source rocks are immature. The main hydrocarbon-bearing reservoirs are sandstone
beds within the Jower part of sequence 4. The mature source rocks are sequence 3 and
the upper part of sequence 2. Rocks of these two sequences are the primary source of
gas and condensate in the Pattani basin. '

The fossil fuel deposits in both southern Thailand and the Gulf of Thailand are
the result of the depositional environments that existed at the time of deposition.
These environments resulted from the source and type of sediments that were
deposited, whether deposition took place in fresh, brackish, or marine conditions, and

whether oxidation or reducing conditions prevailed during and after deposition.



