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35 coal samples from 3 boreholes in the central part of Mae Moh basin
have been investigated for stratisraphy, petrography, and geochemical analyses.
Lithostratigraphic of studied boreholes is Na Khaem formation in Mae Moh group,
characterized by fine grained sediments with thin to thick coals from bottom to top
as Q-, K- and J seams. The Na Khaem formation has been formed by the
sedimentation under the alternation of lacustrine and swamp. Na kheam formation is
overlaid by Huai Luang formation mainly of fine to coarse grained sediments with
thin coal as | seam interbedded, indicated fluviatile environment. Detailed
petrographic of individual seam reveals the studied coals consist largely of macerals
>70% with small amount of inorganic materials <30%. Huminite group (43-68%) is
characterized by gelinite, densinite, and some texto-ulminite. Liptinite group (5-30%)
is composed of liptodetrinite, sporinite, cutinite, alginite, and exsudatinite. Inertinite
group (4-15%) is fusinite, semifusinite and sclerotinite. The inorganic material (8-30%)
is characterized by diatomite, clay mineral, framboidal pyrite, silicate, carbonate, and
some volcanic ash in place. Mae Moh coals were plotted in the Diessel's diagram
(1986) with TPI (Tissue Preservation Index) and Gl (Gelification Index) base on maceral
assemblage. The results are low TPl values (0.11-0.52) and moderate to high Gl value
(3.67-13.50); suggesting coals have originated under limnic condition (lacustrine) of
peat formation with vegetation characteristics of marsh and wet forest swamp. Based
upon the geochemical analyses, the studied coals can be classified as low rank

(lignite A to subbituminous B) and low quality due to high ash and sulphur contents.
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Chapter 1

1. Introduction

Mae Moh mine is located in Mae Moh basin, Mae Moh district, Lampang
province in Thailand; about 630 kilometers north of Bangkok (figure 1.1). The Mae
Moh basin measures some 16x7 kmz, more than 900 meters deep, and is the site of
the largest Tertiary coal mine in Southeast Asia. The opencast mines extract more
than 50,000 tons per day to fuel ten coal fired power plants (unit 4 to unit 13) with a
total capacity of 2,400 MW. This mine is operated by EGAT (Electricity Generating
Authority of Thailand), and it is the largest open pit coal mine in Thailand. The total
geological and economical coal reserves are approximately 1,040 million tons and
814 million tons, respectively. The annual production is about 16 million tons. Most
of the coal produced from Mae Moh mine is supplied to the Mae Moh power plant
that is providing 15% of the total electricity demand of Thailand. About 430 million
tons of coal resources have been produced, and the remaining future coal reserves
are approximately 384 million tons, located in the central area of the Mae Moh
basin. EGAT will be replaced the existing three units (unit 4 to unit 7) of the Mae Moh
power plant. They need the coal resources for supplying the new power plant. In the
central area of Mae Moh basin have been sufficient coal reserves. This area hasn’t
been mined. Detailed of stratigraphy, petrography and geochemistry have been
investigated in the core samples of boreholes from the central area. The results of
this study can be interpreted coalification rank and their depositional of paleo
environment in central area of Mae Moh basin. They are usefully for coal excavation
and burden removal in mine operation and designing boilers of new coal fired power

plants.


http://file.scirp.org/Html/5-8101741_24526.htm?sa=X&ved=0CDEQ9QEwDmoVChMI15el4J39xgIVVgWOCh3PdAS-#Figure 1

Figure 1.1 Index map of Thailand showing location of Mae Moh Mine in northern

Thailand (modified from (Map.google.com)).



1.1 The study area

The current Mae Moh mine covers an area of 4x7 kmz, divided into nine mine
areas are as SB (Sub Basin), NE (North-East), BT (Buttress), SE (South-East), NW (North-
West), SW (South-West), C1 (Central 1), C2 (Central 2) and C3 (Central 3). The study
area is lower part of C1 and C2 which haven’t been mined, located in the central
area of Mae Moh basin covering approximately 1.5x3 km” .The boundaries of study
defined in term of latitude and longitude g¢rid reference as the follows: Latitude ¢rid
lines from 18°21’N to 18°18’36”N and Longitude grid lines from 99°42’36”E to
99°43°43”E (figure 1.2 and 1.3). The study area can be accessed by three ways. The
first is using the Asian Highway No.2 from Bangkok passing Ayutthaya, Angthong,
Singburi, Chainat, Nakhonsawan, Kamphaengphet, Tak to Lampang city, and turning
right to Highway no.11, then turn left at Phalad intersection to road no.1348 to Mae
Moh mine. The other ways by train to Mae Moh station of Amphoe Mae Moh, or by

an airplane to Lampang Province.


http://file.scirp.org/Html/5-8101741_24526.htm?sa=X&ved=0CDEQ9QEwDmoVChMI15el4J39xgIVVgWOCh3PdAS-#Figure 1
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Figure 1.3 Aerial photo showing the mining area and the study area, located in

central part of the Mae Moh basin (modified from (Map.google.com)).

1.2 Objectives

The objectives of this study are as follows:

1. To study stratigraphy of sediments and coals, located in the central part of
Mae Moh basin;

2. To study petrography and geochemistry of coals, located in the central part
of Mae Moh basin; and determine the coalification rank;

3. To interpret the depositional paleo environments.



1.3 Scope of work and Methodology

The scope of this study is coal petrography and associated stratigraphy in
central part of Mae Moh basin, covers approximately 1.5x3 km” in lower part of C1
and C2 mine area. In this study, 35 coal samples have been selected for petrographic
and geochemical analysis. They were collected from main coal seams in Mae Moh
group as J-, K- and Q seam of the Na Khaem formation, and minor coal seam as |
seam of Huai Luang formation, were taken from the 3 boreholes and pervious
stratigraphy is used to interpret the sedimentary sequence along with the
lithostratigraphic of study boreholes. The resulting can be used to determine for

coalification rank and depositional paleo environment.

The petrographic study was performed using a coal petrographic microscope
using white lisht and fluorescence excitation. Organic matter was examined and
identified. Several standardized systems of nomenclature exist worldwide. The
Australian Standard, AS3856-1986, (Australian Standards, 1995) and the ASTM
Standard, (ASTM, 1996) are variations of the system used by the International
Committee for Coal and Organic Petrology (1998 and 2001), which is continually
reviewing their terminology and classification. This study was using the classification
and properties of macerals, following the Australian Standard, AS3856-1986,
(Australian Standards, 1995). The geochemistry studies on proximate; ultimate
analyses and calorific values as well as coalification rank determination based on

ASTM Standards.

Finally, interpretation, discussion and conclusion will be performed and
resulted in the final thesis, presentation and manuscripts for a journal publication.
The methodology was summarized as schematic diagram (figure 1.4). This thesis
report is presented in 6 chapters as follows: Chapter 1: introduce the study area,
objectives, scope of work, and methodology, and research background focusing on

previous stratisraphy of Mae Moh basin and coal petrography in Tertiary basin.



Chapter 2: overview the geological setting of northern Thailand for Mae Moh coal
deposit and stratigraphic sequence. Chapter 3: sample preparation and analytical
method. Chapter 4: results of lithostratigraphy study which described the
sedimentary sequence in the study area, and geochemical study, and coal
petrography study which descripts the macerals and vitrinite reflectance
measurement. Chapter 5: discussion on deposition paleo environment, coalification
rank by using petrography and geochemistry study. Chapter 6: conclusion of the

resulting to identify and apply all data also implies that coal deposit.

1.4 Literature reviews

Ratanasthien et al. (1999) studied Liptinite in coal and oil source rocks in
northern Thailand. Palynological study of northern Thailand coal and oil deposits
indicates a similar palynological association to that of the Borneo region and can be
referred to the Florschuetzia trilobata and Magnastriatites howardii zones as defined
by Germeraad et al. (1968). Coal petrographic study shows variations in the liptinite
maceral, especially alginite types. The oldest of these coal and oil deposits, which
are of Late Oligocene to Early Miocene age, are dominated by Botryococcus sp. or
Botryococcus related algae. Spore and pollen and thick walled lamaginite are found
in some area. By contrast, in Late Middle Miocene is dominated by thin walled
lamaginite. Resinite, suberinite, and cutinite are dominant in forest swamp coal
deposits whereas alginite, cutinite and lycopodium spores are dominant in lacustrine
environments. Exsudatinite is common even at early levels of maturation. These

liptinite macerals can be major sources of oil and gas.

lordanidis and Georgakopoulos (2003) studied Pliocene lignites from Apofysis
mine, Amynteo basin, Northwestern Greece: petrographical characteristics and
depositional environment. Coal petrological investigation along with geochemical

analyses were undertaken to determine the petrographic characteristics and their



depositional environment. Eight samples (representing different lignite beds of the
Apofysis deposit) were collected from a borehole. The Apofysis lignites have an Eu-
ulminite B reflectance of Rr = 0.22%, and in terms of lithotype belong to matrix soft
brown coals. Huminite is the most abundant maceral group and consists mostly of
humodetrinite. Inertinite has relatively low percentages whereas liptinite
concentrations are low in the lower lignite beds and higher in the upper ones.
Ternary plots and facies indices were investigated the paleo environment. The
depositional environment of the Apofysis lignites is not definitely ascribed to a forest
swamp or a reed marsh environment. The high ash content of the analysed samples
is a clear indication of a topogenous setting. Low tissue preservation index (TPI) and
high gelification index (GI) values are observed. High alkalinity and strongly reducing
conditions may be inferred from the presence of syngenetic (framboidal) pyrite, the
low TPI values which indicate high bacterial activity, and thus high pH conditions, and
the preservation of gastropod shells and chlorophyllinite. High Gl indicates a constant
influx of calcium-rich waters into the coal swamp. The Apofysis lignite deposit may
be interpreted to be autochthonous to hypoautochthonous. The peat accumulation
was governed by a high groundwater level (wet telmatic to limno-telmatic facies) and

a moderate subsidence rate.

Sotirov and Kortenski (2004) studied Petrography of the coal from the
Oranovo-Simitli basin, Bulgaria and indices of the coal facies. Petrographic analyses
of 137 coal samples collected from an underground mine in the Oranovo-Simitli
basin show vitrinite (huminite) reflectance ranged from 0.33% to 0.34%, which is
consistent with the subbituminous C rank of these coals determined by Sotirov and
Sokolov (1998). This middle Miocene age coal is mostly made of vitrinite (huminite),
with about 10% liptinite and lesser amounts of inertinite. The inertinite group
macerals are entirely funginite (sclerotinite) and inertodetrinite. The liptinite group
macerals include fluorinite, which is identified for the first time in a Bulgarian coal.

The abundant, degraded vitrinite group macerals result in a high gelification index



and a high tissue preservation index, which are consistent with a forested,

continuously wet raised-bog depositional environment.

Sia and Abdullah (2012) studied Geochemical and petrographical
characteristics of low rank Balingian coal from Sarawak, Malaysia: Its implications on
depositional conditions and thermal maturity. Geochemical and coal petrographical
analyses were undertaken on low rank upper Pliocene Balingian coal from Sarawak,
Malaysia, in an attempt to reconstruct the conditions during peat accumulation and
the subsequent coalification processes. Chemically, the coal in this study is
characterized by high moisture, low ash yield and low sulphur content. The low ash
yield and low sulphur content, together with the lack of epiclastic partings clearly
indicate that it was deposited in ombrotrophic raised bogs. The coal was plotted in
the Type Il terrigenous kerogen zone of the van Krevelen diagram, with H/C value
below 0.9. This shows that the coal was derived from plant materials of terrigenous
origin and is still immature for petroleum generation. The petrographic study reveals,
nonetheless, the expulsion of early generated hydrocarbons from the disintegration
of suberinite, and also from phlobaphinite and cutinite. Petrographically, the coal is
dominated by huminite, with low to moderate amounts of liptinite and low amounts
of inertinite, pointing to predominantly anaerobic deposition conditions in the
paleomires, with limited thermal and oxidative tissue destruction. Most of the
studied samples are characterized by low TPI and high GI values, and are plotted on
the marsh field of the Diessel's diagram, or it could also originate from decomposed
wood in forested swamps. Nevertheless, coals originating from both these sources
usually generate high ash yield, which is not the case for the studied coal. This shows
that the interpretation as suggested by the Diessel's diagram is not valid for the
studied coal. The coal has a mean random huminite reflectance between 0.26 and
0.35%, suggesting a lignite coal rank for the coal. Nevertheless, geochemical
classification based on total moisture and calorific value suggests a subbituminous C

rank.
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Chapter 2

2. Geologic setting

2.1 General tectonic setting

Tertiary rift basins are elongated and N-S trending half grabens and grabens.
Most geologists believed that basins are originated in Late Oligocence (Chinbunchorn

et al,, 1989).

Bunopas (1981) described basins as pure rift/back-arc basins while others
proposed that they had probably been brought about by NW-SE and NNE-SSW
trending conjugate strike-slip fault. The movement of the NW-SE trending faults was

left lateral in the Tertiary.

In addition, Le Dain et al. (1984) and Tapponnier et al. (1986) believed that
the movement of NW-SE and NNE-SSW trending faults changed (in the Late Miocene)
from left to right lateral and right to left lateral respectively, based on the actual
fault trend distribution, which suggested that all Tertiary basins in Thailand were
probably developed as a result of the movements of the NW-SE trending right lateral

fault and the NNE-SSW trending left lateral conjugate faults.

Charusiri and Pum-Im  (2009) compiled the recent information about
geomorphology, sequence stratigraphy, structure, geographical distribution and
geotectonic evolution. They categorized the major Cenozoic basins in Thailand into 7
segments: Northern, Northwest-West, Central, Northeastern, Southern, Gulf, and
Andaman group. Mae Moh basin is in the Northern segments. The evolution of basins
developed from India plate moving to Asia plate. The change of direction of plate
interaction from E-W to N-S, the tectonic changed from transgression to
transtensional regimes. The India collision (45-55 Ma.) stopped the reactivation of

fault movement. And then, the major faults changed the movement directions (35
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Ma.) becoming right lateral movement for the NW-trending and left lateral
movement for the NE-trending faults. Major basins occurred at that time. The South
China plate anticlockwise rotation and the beginning of tectonic extrusion of SE Asian
continental clock, southeastward between Red River and Mae Ping — Three Pagoda
Faults developed the rift. The pull apart basin occurred and N-S trending faults

bounded basin.

20 — 20
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Figure 2.1 Tectonic map of Thailand has been controlled, to some extent, by the
interaction of Australia-India, Burma, and the SE Asian plated sine early to middle

Tertiary (Charusiri and Pum-Im, 2009).
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According to Metcalfe (1993), Cenozoic modification of Southeast Asia
involved substantial movements along, and rotations of strike-slip faults, rotation of
continental blocks and the development and spreading of margin seas. These
modifications were due to the combined effect of the interaction of the Eurasian,
Pacific and Indo-Australian plates and the collision of India with Eurasia. Sundaland
was not deformed as a coherent block. Strain was accommodated by movements on
many strike slip faults and considerable block rotation. Clock-wise block rotation and
strike slip faulting was significant at least as late as the Miocene. The corridor of fault-
bounded Cenozoic basins in central Thailand that include the Mae Moh basin was
created and deformed at this time. Later Neogene movements uplifted northern
Thailand. In the process, the Mae Moh basin was subjected to erosion. The geology
of the Mae Moh region was mapped by Dame and Moore (1996). The Mae Moh
deposit lies within a north/northeast trending intermountain basin 16 kilometers long
by 7 kilometers wide and more than 900 meters deep. The basin is divisible into the
western, northern, central and southern subbasins and an intervening central ridge.
Mining operations are restricted to the central subbasin where coal sub crops in an

ovoid basin shape within and area about 8 kilometers long and 4.5 kilometers wide.
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Figure 2.3 Geological map of the Mae Moh region and Mae Moh basin divisible into

the western, northern, central and southern subbasins and an intervening central

ridge (modified after (Dame and Moore, 1996)).
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2.2 General structure geology

The Mae Moh basin is a remnant of a once larger depositional basin. The
present western flank of the basin is close to the original deposition margin, but the
eastern flank is the product of structuring and erosion. The mining area is complex
faulted syncline created by crustal collapse on a series of master faults both during
and after the deposition of the Miocene. Erosion has removed at least 400 m of
sediments from the flank of the basin and has exposed the coals in their present
configuration. The basin was created by slippage on a series of north/south trending,
east dipping listric faults within the Triassic. Block rotation upon the listric master
fault controlled formations of the sub-basins and the central ridge. Families of
synthetic and antithetic faults extend upwards through the Miocene from the master
fault. The coal bearing central sub-basin is a north/northeast by south/southwest
orientated depression. The axis plunges gently from the north and south at
approximately 7 degrees and flattens centrally. Dips on the eastern and western
margins are between 5 and 25 degrees. At its deepest the coal sequence is buried by
up to 500 m of sediments. A series of broadly north/south trending faults have
extensively deformed the Miocene sequence. Faulting is most intense in the north-
west and least within the graben. As a consequence of faulting, block rotation is

common and drag folding is often developed (Sompong et al, 1996).
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2.3 General stratigraphy

The Stratigraphic classification of Mae Moh basin has been descripted by
several authors. Coal occurs in the Mae Moh group, a sequence of Early - Middle
Miocene sediments exceeding 900 m thick that overlies a folded and faulted

basement of the Triassic Lampang group.

2.3.1 Triassic Lampang group

Triassic Lampang group, consisting of five formations are recognized in the
Triassic Lampang group, the Phra That formation (Trl) at the base, consisting of
claystone, siltstone, sandstone, conglomerate, breccia and limestone, the Pha Kan
formation (Tr2), dominated by limestone, the Hong Hoi formation (Tr3), consisting of
claystone, siltstone, sandstone, shale and conglomerate, the Doi Long formation (Tr4)
of limestone and the Phae Daeng formation (Tr5) of red beds, consisting of claystone,
siltstone, sandstone and conglomerate. The basement to the Mae Moh basin is
principally shale and sandstone of the Hong Hoi formation, but there is a significant
block of limestone in faulted beds below the northeast pit that is thought to be Doi
Long formation. The Mae Moh basin is bounded mostly by marine Triassic rocks, with
the exception of the southern part of the basin which is overlay by Quaternary basalt
(Charoenprawat et al., 1995). Elsewhere across the basin the Tertiary sediment are
overlain by unconsolidated Quaternary fluviatile deposits (Jitapankul et al., 1985).

The Tertiary sequence of the Mae Moh Basin has been named the Mae Moh group.

2.3.2 Mae Moh group

The Mae Moh group is divided into three formations each with distinctive
lithology, sedimentary structure, degree of consolidation and fossil content. The

succession is described from bottom to top in the following account:

2.3.2.1 Huai King formation
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Huai King formation (Corsiri and Crouch, 1985), the oldest division of the Mae
Moh group, the Huai King formation is a deposit of interbedded fluvial and alluvial
sandstone, partially oxidized sandy claystone, and siltstone with calcrete layers at
the base of the Mae Moh basin. The formation overall is a finding upwards sequence
that culminates in a dominantly silty clay facies. Generally there are no macrofossils
although, in the southern part of the basin, abundant Viviparus sp. is present in the
lower part of the formation. Much of the basin contains no more than 20-40 m of
the Huai King formation. In contrast, there are at least 300 m to the southeast of the
central sub-basin. The formation is absent from parts of the central ridge, central
sub-basin (below the northeast pit), and much of the northern sub-basin that were
emergent during deposition. The lower part of the formation is mainly coarse
grained. At the base are several individual sequences that grade upwards from fine
conglomerate to sandstone, while the remainder consists of graded sequences of
conglomeratic sandstone to clayey siltstone. The upper parts of the formation
contain sequences of claystone or silty claystone. Individual fining upwards
sequences grade from sandstone or conglomeratic sandstone to interbedded red
and grey claystone or siltly claystone. The sources of the sediments are varied. Basal
breccias are locally derived. Basal conglomeratic facies are prominent adjacent to
the central ridge. Sandstone in the middle of the formation is poorly sorted
litharenite, consisting of angular to sub rounded quartz, rock fragments of quartzite,
chert, shale, siltstone, schist and volcanic rocks, with some feldspar and siliceous
cement (Chaodumrong, 1985) there is a significant pyroclastic contribution. The
sand/shale ratio is highest in the center of the basin and diminishes to the southeast
implying the source area was to the west. Permo-Triassic pyroclastic rocks to the
west of the Mae Moh basin are therefore the likely source of much of the Huai King

formation.

2.3.2.2 Na Khaem formation
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Na Khaem formation (Corsiri and Crouch, 1985), a widespread suit of
lacustrine, alluvial, and deltaic claystone, silty claystone, and minor thin sandstone
beds up to 400 m thick, contains the three economically important coal bearing
horizons (J-, K- and Q zones) and non-economically R and S zones. The claystone
and silty claystone occasionally include thin concentrations of small invertebrates,
mainly freshwater gastropods and ostracods. This formation was divided into three

members, from bottom to top in the following account:

Member Il (Underburden), this is a sequence of grey to greenish grey
claystone and mudstone, calcareous, silty claystone, with the thin layer of coal of S
and R zone. The top of the Member is placed at the gradational contact with coal of
Q zone. Galloway (1989), the boundary between coal of S zone and the lacustrine
sediments of Member Il was a flooding surface. The beds are laminated to thick
planar bedded, highly calcareous and in the upper part there are abundant
gastropod beds (Songtham et al., 2005) referred to this member as Paludina sp., fish
fragments, ostracods and plant rootlets. Intraformational conglomerate, invertebrate
burrows and load casts are present. Member Il below the R zone in the central sub-
basin is about 100 m thick, but thickens to the southeast. It thins against and across
the flank of the central ridge and towards the basement high below the northeast
area. Without the presence of the key marker, the R zone, it is not possible to
identify whether correlatives of this lower section of Member Il are present in the
northern and western sub-basins. In general, however, the data indicate that
distribution of the sequence is similar to that of the underlying Huai King formation.
The section above the R zone is the most extensive part of Member lIl. It is present
across the entire basin, but reaches a maximum thickness of about 200 m in the
Central sub-basin. Depositional of the Member Il was a lake with a low-lying

hinterland which probably lacked much vegetation.

Member Il contains the economically coal sequence and was divided into

three parts (in ascending order): the Q zone, interburden and the K zone, the each of
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coal zone up to 30 m. thick, and separated by 10-30 m of claystone (the
Interburden). The commercially viable coals of the K and Q zone are confined to the
central sub-basin both zones split to the north and south of the sub-basin, where
coal quality deteriorated and clastic parting thicken. The coals in the central sub-
basin follow a west to east depositional axis and thicken to the southeast, reaching
the maximum near the current eastern outcrop. There was uniform accumulation of
peat over a north to south distance of about 4 km, with relatively rapid splitting and
thinning at the depositional northern and southern extremities and gradual thinning
to the west. The swamp clearly extended further east of the central sub-basin, from
where it has been removed by subsequent uplift and erosion. Coals occur
sporadically across the northern sub-basin. Correlatives of the Q zone are the most
persistence and the K zone merges with fossiliferous shale. Similar changes occur
across the western sub-basin. In the southern sub-basin sub-seams of both the K and
Q zone are represented by well-spaced, thin coals horizons. Thin sands are
associated with the K zone in place, and Q zone is represented by sandy clay. To the
west and south of the area, sands substitute for coals. To the east, the K zone is

represented by grey and brown clay and claystone.

The Q zone is brown to black, brittle to slightly hard; pyritized gastropods
(Viviparus sp. and Planobidae sp.), diatoms and plants remain with mineral matters.
It consists of interbedded light brown claystone and silty claystone about 30% of the
section. The thickness of Q zone is 15-30 m. The Q zone divided into four subseams
(Q1 to Q4) and their subdivisions in the mining area are distinguished largely by their

mineral content, in turn identified by their geophysical responses.

Interburden is a persistent sequence of the fine grained sediments of brown,
brownish gray, gray, sreen and greenish gray claystone, 10-30 m thick, and containing
common coal flakes, fish remains, plant roots, rare ostracods and gastropods
(Viviparus sp.). Intra formational conglomeratic texture is common low in the

sequence, and load structures and micro slip planes are present. Locally in the
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northern sub-basin the Interburden is sandy; in the southern sub-basin its correlatives

are both sandy and shaly.

K zone is brownish black to black, brittle to slightly hard, interbedded with
light yellowish gray to gray silty claystone. Gastropods (Planorbis sp., Melanoides sp.),
diatoms, fish and plant remain are present. Variations in seam characteristics enable
recognition of four subseams (K1 to Kd), although the zone splits both to the north
and south of the central mining area. Their subdivisions are distinguished largely by
their mineral content, in turn identified by their geophysical responses. The thickness

of K zone is 15-30 m.

Member | (Overburden), consists of claystone and mudstone with occasional
siltstone, 60-100 m thick, highly calcareous, pyritic in part, and containing in its upper
half a section about 40 m thick that included coal of J zone. A fossil gastropod,
Melanoides sp. is common interbedded of the J zone. The J zone is of commercial
significance, at least in the northern half of the mining area, where they are well
developed. The upper most 15-20 m of top J zone is dominant of claystone,
siltstone and silty claystone, with vary color. It marks the transition from the reducing
environment of lacustrine deposition typical of the Na Khaem formation to the
oxidizing condition characteristic of the alluvium deposits of the Huai Luang
formation. The J zone is grouped into six subseams, J1 to J6. J1 to J2 consist of poor
coal quality (high mineral content), interbedded with claystone and J3 to J6 are
characterized by coal with a low mineral content interbedded with intra-formational
conglomeratic mudstone. Correlatives of Member | occur throughout the basin. J
zone lensing out southwards are replaced by clay and siltstone, and in the far south,
by gravelly and sandy clay. In contrast, seams thickness to the north, then diminish
to insignificance in the northern sub-basin, where they are largely replaced by

fossiliferous lacustrine shale.

2.3.2.3 Huai Luang formation
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Huai Luang formation (Corsiri and Crouch, 1985) is the uppermost division of
the Mae Moh group, which is also commonly referred to as Red Beds. The thickness
of this formation may be up to 400 m, consists of red to brownish-red, claystone,
siltstone and mudstone with lenses of sandstone and conglomerate. Engineers
(1981), the brownish red to red colors due to the oxidation of fine grained pyrite to
hematite disseminated throughout certain layers of the formation. No macrofossils
have been found but there are abundant gypsums and pyrites with rare roots and
flame structures. Sandstone and gravel are rare. Proportionately more gravel is
encountered in two horizons, one at the base, and the other near the middle of the
formation. Gravels are particularly common in the west of the southern sub-basin,
close to the central ridge. Local unconformities within the Huai Luang formation,
particularly in the western subbasin, are expressions of contemporaneous
movements on some of the major faults during subsidence and deposition. This
formation contains non-economic coal of | zone, divided into two subseams as 11
and 12, the thickness each of subseam is up to 3 m., brownish black, soft to brittle,
interbedded with gray silty claystone and abundant pyritized gastropods. Songtham
et al. (2005) identified gastropods are Margaya sp. The sulphur isotope studied the
red bed indicated sulphur source from aqueous sulphates, while the pyritized
gastropods from | zone coal indicated bacterial reduction of sulphate to sulphide

(Silaratana, 2005; Silaratana et al., 2004).

2.3.3 Pleistocence - Resent

Pleistocence - Resent, surficial alluviums consist of unconsolidated materials
up to 30 m thick: top soils, clays, silts, sands and gravels, vary color: yellow, red, light
to medium brown, extend across much of the area. The Mae Tha basalt also known
as the Lampang Basalt (Barr et al., 1976), floors the valley to the south of the mine
site. The basalts are massive and vesicular, dark grey to black, fine-grained,
amygdaloidal, with recrystallized secondary minerals, and usually flowed as

pahoehoe type. Two cones, likely to have been vents, are preserved near the
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Lampang-Mae Moh mine road, to the north of Ban Pha Lad. Doi Pha Kok Jum Pa Dad,
has a height of 120 m and diameter of 150 m. Pha Kok Hin Foo located 2 km to the
south, has a height of 80 m and diameter of 200 m (Jungyusuk and Sirinawin, 1983).
Sasada et al. (1987), using K-Ar methods, placed the age of samples from the basalt

at 0.8 + 0.2 million years.
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Description

“| Allavium deposits ; top soils, clays, silts, sands, gravels, massive and vesicular basalts, vary color: yellow, red,

~| conglomerate, no macrofossils, abundant gypsums and pyrites with rare plant roots and flame structure, 0-600

—| The | zone is divided into two sub-seams as I1 and 12, the thickness each of sub-seam is up to 5 m,, brownish

Unconformity

Red Beds; consists of red to brownish-red, claystone, siltstone and mudstone with lenses of sandstone and

m thick. This formation contains the coal of | zone, 10-15 m thick. Associated with the |-zone coal are

black to black, soft to brittle, interbedded with gray silty claystone with pyrite and gypsum.

-1 The upper most 15-20 m of top J zone is dominant of claystone, siltstone, sandstone and silty claystone, with

——_-_ The J zone is divided into six sub-seams as J1 to J6. J1 to J2 consist of poor coal quality (high mineral

vary color. It marks the transition from the reducing environment of lacustrine deposition.
Claystone and mudstone with occasional siltstone, 60-100 m thick, highly calcareous, pyritic in part, and
containing in its upper half a section about 40 m thick that included coal of J zone. Gastropod (Melanoides

content), interbedded with claystone and J3 to J6 are characterized by coal with a low mineral content

The K zone is brownish black to black, brittle to slightly hard interbedded with light yellowish gray to gray silty
claystone. Gastropods (Planorbis sp., Melanoides sp.), fish and plant remains are present. The thickness of K

Fine-grained sediments of brown, brownish gray, eray, green and greenish gray claystone and containing
common coal flakes, fish remains, plant roots, rare ostracods and common gastropods (Viviparus sp). The

The Q zone is brownish to black, brittle to slightly hard and plants remain, and interbedded with light brown

| Sequence of grey to greenish grey claystone and mudstone, calcareous, silty claystone. The beds are laminated to
— | thick planar bedded, highly calcareous and in the upper part there are abundant gastropod beds (Paludina sp., fish

fragments, ostracods and plant rootlets. Intraformational conglomerate, invertebrate burrows and load casts are

] The formation overall is a finding upwards sequence that culminates in a dominantly silty clay facies

interbedded fluvial and alluvial sandstone, partially oxidized sandy claystone, and siltstone with calcrete
layers at the base of the Mae Moh basin, no macrofossils, abundant gastropods (Viviparus sp.) is present in the

Ao Formation Lithology
Hlesiocene s besent light to medium brown, dark gray to black. 1-30 m thick.
Huai Luang
0-400 m | zone [ =]
1045 m [ abundant partly pyritized gastropods (Margaya sp.).
J zone k
E? 1030 m 2
3 5 I — — ] sp.) is commen interbedded of the J zone,
b S
Overburden "
interbedded with intra-formational conglomeratic mudstone.
1
[+
K zone o
Q 15-30 m 3
2 zone is 15-30 m.
v M S [ —
c| © 7 i
v o ___
ol £ 2| Interburden —
of 8 I e
3 || Nakneam |2 —————] thickness of K zone is 15-30 m.
: 300-400 m
b3 a1
Q zone ]
15-30 m ": claystone and silty claystone, The thickness of Q zone is 15-30 m.
s
Underburden Bty
R zone [— —— —{ present.
= 12m |- .72 The R zone, brownish black to black, 1-2 m thick.
3 =i
£ — ]
2 —_ ]
S zone [— —
1-2m ISR 1\c S zone, brownish black to black, 1-2 m thick.
Huai King
0-300 m lower part of the formation.
o
o) Basement
2 Lampang Group agglomerate and tuff.
=L = T L I -

Unconformity

Triassic marine sediments; sandstone, mudstone, limestone, shale, conglomerate, tuffaceous sandstone,

Figure 2.6 Stratigraphy of Mae Moh basin, Lampang province (modified after

(Sompong et al., 1996)).
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Chapter 3

3. Sample collection and analytical method

3.1 Sample collection

Coals are used to interpret depositional environment. Sediments are used to
help interpreting by appearance characters. The coal samples were prepared as
polished section for petrographic microscope study. Moreover, proximate analysis,
and ultimate analysis, along with calorific analysis for geochemical study can assess
the coalification rank as well as vitrinite reflectance measurement in petrographic
study.

35 coal samples were collected from the 3 boreholes, which located in
central part of Mae Moh basin (figure 3.1). Borehole no. MMC-1 contains 11 coal
samples. Borehole no. MMC-2 contains 12 coal samples. Borehole no. MMC-3
contains 12 coal samples. The samples were collected by every subseam in a
vertical succession of core from bottom to top, which identified by their geophysical
responses (figure 3.3, 3.5, and 3.7) and lithological features (figure 3.4, 3.6, and 3.8).

Physical properties of coal bearing sequence have in general a lower density,
a lower seismic velocity, a lower magnetic susceptibility, a higher electrical resistivity
and low radioactivity compared with surrounding rocks in typical coal-bearing
sequences. Gamma ray log can be displayed as counts per second (CPS).
Radioactivity associated with shaliness and radioactive bed. Coal seam thickness can
be interpreted by taking the point on the gamma ray curve one-third down from the
high level of natural radiation. Density log can be displayed as counts per second
(CPS). Formation density depends on lithology and porosity. Coal seam thickness can
be interpreted by taking the point on the density curve one-third down from the high
level of density. Neutron log can be displayed as counts per second (CPS). Neutron

correlates on hydrogen content of formation and large shale response. Coal seam
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thickness can be interpreted by taking the point on the neutron curve one-third
down from the high level of neutron. This study was using the density, gamma ray
and neutron logs to interpret the coal zones and coal subseams for the sample

collection method.

Figure 3.1 Map of the Mae Moh basin showing location of the study boreholes basin
(modified after (Dame and Moore, 1996)).
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Figure 3.2 Descriptive symbols of geological map of the Mae Moh region and Mae

Moh basin (modified after (Dame and Moore, 1996)).
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Bore Hole Mo: MMC-1

Location : Morth 17.04, West 13,96

Total Depth Drilled 1317 m, Eleveation :+211 m,
Log by Kunwatoo Rittidate

Depth
(rreters)

Lithology

Samnple descriptions

Sample id

50

100 [T

150

ceo o o

350

400

Claystone, mudstone and siltstone: red to brownish-red, with lenses of sandstone, and gray silty
claystone with red brown mottled in the lower part.

Coal (J3 subseam): brownish black, dull, crumbly, eypsum and pyrite disseminated.

Coal (J4 subseam): brownish black, dull, crumbly, gastropod fragments, gypsum and pyrite

disseminated.

MMC-1-2-J3

Coal (J5 subseam): brownish black, dull, brittle, gypsum and pyrite disseminated.

MMC-1-3-J4

MMC-1-4-15

Coal (J6 subseam): brownish black, dull, brittle, gastropod fragmenits, gypsum and pyrite
disserminated.

MMC-1-5-J6

Overburden: claystone and mudstone with occasional siltstone, brownish gray, eastropods

(Melanoides sp.) remnain.

Coal (K1 subseam): grayish black to black bandded, dull to brighten bandded, brittle to hard, pyrite

disserninated and plants remain.

Coal (K2 subseam): brownish black to grayish black, dull, brittle to hard, pyrite disseminated,
gastropod fossil (Planorbis sp.) and plants rermain.

MMC-1-6-K1

MMC-1-T-K2

Coal (K3 subseam): grayish black to black bandded, dull to brighten bandded, brittle to hard,

gastropod fragments, and plants remain.

MMC-1-8-K3

Interburden: brown, brownish gray, gray, green and greenish gray claystone contains common coal
flakes, gastropods and rare ostracods.

Coal (Q1 subseam): brownish black to grayish black, dull to brighten bandded, brittle to hard, dull,
plants remain.

MMC-1-9-01

Coal (Q2 subseam): brownish black to grayish black, dull to brighten bandded, brittle to slightly

hard, plant remains.

MMC-1-10-Q2

Coal {Q3 subseam): grayish black to black, dull to brighten bandded, brittle to hard, pyrite

dissemninate, plants remain.

MMC1-11-Q3

Coal (Q4 subseam): grayish black to black,dull to brighten bandded, scft to brittle in a top part and
hard in a bottorn part.

MMC-1-12-Q4

Underburden: claystone,mudstone and silty claystone, grey to greenish grey.

© location of selected sample

Figure 3.4 The sample descriptions of borehole no. MMC-1.
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Bore Hole No :MMC-2 Lecation : North 7.83, West 17.03
Total Depth Drilled :565 m, Eleveation :+310.98 m,
Log by :Kunwatoo Rittidate

Depth
P itnoton] Sample descriptions Sample id.
(meters)

Alluvium deposits: top soils, clays, silts, sands, gravels,vary color: yellow, red, lisht to medium brown.

Claystone, siltstene and mudstone: red to brownish-red, with lenses of sandstone, no macrofossils,

abundant gypsums and pyrites with rare plant roofs,

Coal (I seam) brownrish black, dull, crumbly, gypsum and pyrite disseminated, gastropod fossils

MMC-2-14
Margaya sp.).

Claystone, siltstene and mudstone: red to brownish-red, with lenses of sandstone, no macrofossils,
abundant gypsums and pyrites with rare plant roots and flame structure, gray claystne and silty
claystone, with red-brown mottled in the bottom part.

Coal (J3 subseam} brownish black, dull, crumbly, gypsum and pyrite disseminated, plants remain. MMC-2-2-)3

Coal (J4 subseam}}: brownish black, dull, crumbly, gastropod fossils (Melanoides sp.), gypsum and

MMC-2-3-)4

pyrite disseminated.

Coal (J5 subseam): brownish black, dull, soft to brittle, siliceous white spots, pyrite disseminated. MMC-2-8-15

4009. — Coal (J6 subseam}: brownish black to black, dull, soft to brittle, gastropod fossils {(Melanoides sp.). MMC-2-5-J6

Overburden: claystone and mudstone with accasional siltstore, brownish gray, highly calcareous,
coal flakes, pyritic in part.

Coal (K1 subseam): grayish black, dull to brighten bandded, brittle to hard, pyrite disseminated, e
plants remain.

Coal (K2 subseam): brownish black to grayish black, dull, brittle to slightly hard, pyrite disseminated
and gastropod fossils (Planorbis sp.)

MMC-2-T-K2

5009
° Coal (K3 subseam): grayish black to black banded, dull to slightty bright, brittle to hard, pyrite
disseminated, gastropod fossils (Planobidae sp), plants remain.

MMC-2-8-K3

- — Interburden: claystone: brown, brownish gray, gray, green and greenish gray containing common coal

flakes, plants remain, rare ostracods.

Coal (Q1 subseam): grayish black, dull to brighten bandded, brittie to hard, and plants remain. MMC-2-5-Q1

Coal (Q2 subseam): grayisg black, dull to brighten bandded, brittle, and plants remain. MMC-2-10-02

Coal (Q3 subseam): grayish black to black, dull to brighten bandded, brittle to hard, plants remain. MMC-2-11-Q3

Coal {Q4 subseam}: grayish black to black, dull to brighten bandded, soft in a top part, brittle to
600 hard in a bottom part, plants remain.

MMC-2-12-04

Underburden: claystone,mudstone and silty claystone, grey to greenish grey, calcareous,
gastropod bedded (Paludina sp.).

650

Qlocation of selected sample

Figure 3.6 The sample descriptions of borehole no. MMC-2.
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Figure 3.7 The geophysical responses of borehole no. MMC-3.



Bore Hole Ho: MMC-3
Total Depth Drlled :500 m,
Log by :Kunwatoo Rittidate

Location : North 0,008, West 19.71
Eleveation:+310 m,

h
Dept Symbol| Description Sample id
(meters)
5 Claystone, siltstone and mudstone: red to brownish-red, with Lenses of sandstone, no macrofossils,
abundant gypsums and pyrites with rare plant roots.
100 E:: Coal (| seam) : brownish black, dull, crumbly, gypsum and pyrite disseminated. MMC=3-1-|
150
Claystone, siltstone and mudstone: red to brownish-red, with Lenses of sandstone, no macrofossils,
200 abundant gypsums and pyrites with rare plant roots,and gray claystne and silty claystone, with red-
brown mottled in the bottom part.
z0 [
Coal (3 subseam): brownish black, dull, crumbly, eypsum and pyrite disseminated, with silty MMC3-23
300 claystone, plants remain,
Coal {(J4 subseam): brownish black, dull, crumbly, white spots of calcareous and siliceous, MMC3-30d
om gastropod fragments, gypsum and pyrite disseminated.
°
° Coal (J5 subseam): brownish black, dull, brittle, gypsum and pyrite disseminated. MMC-2-4-15
Coal (J6 subseam): brownish black, dull, brittle, pyrite disseminated, gastropods and plants remain. MMC-3-5-J6
Cwverburden: claystone and mudstone with occasional siltstone, brownish gray, highly calcareous,
coal flakes, and pyritic in part.
Coal (K1 subseam): grayish black, dull to brighten bandded, brittle to hard, subconchoidal to MMC.3-6K1
conchoidal fracture, pyrite disseminated, plants remain.
Coal (K2 subseam): brownish black, dull, brittle to slightly hard, pyrite disseminated, gastropod MMC3T42
fossils (Planorbis sp.).
Coal (K3 subseam): grayish black, dull to brighten bandded, brittle to slightly hard, pyrite MMIC3-E3
disseminated and gastropod fossils (Planorbis sp).
Interburden: claystone: brown, brownish gray, gray, green and greenish gray containing common
coal flakes, plant remains, rare ostracods.
@ Coal (Q1 subseam): graylsh black ,dull to brighten bandded, brittle to slightly hard, pyrite MMC3.9.01
o 3
8 disseminated and silty claystone interbedded, and plants remain.
00 F == Coal (Q2 subseam): grayish black, dull to brighten bandded, brittle to slightly hard, pyrite
disseminated and silty claystone interbedded. MMC-3-10-Q2
Coal (Q3 subseam) grayish black, dull to brighten bandded, brittle to hard, pyrite disseminate, MMC341-03
plants remain.
550 Coal {Q4 subseam} grayish black to black, dull, soft in a top part and brittle to hard in a bottom pard
plants remain. MMC-3-12-04
Underburden: daystone,mudstone and silty claystone, grey to greenish grey, calcareous,
gastropod bedded (Paludina sp.) in the upper part.
£00

location of selected sample

Figure 3.8 The sample descriptions of borehole no. MMC-3.
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3.1.1 Sample description

The coal Q seam, 12 samples were collected from borehole no. MMCL,
MMC2 and MMC3. Q seam is divided into 4 subseams as Q4-, Q3-, Q2- and Q1
subseam in the study area, which identified by their geophysical responses and
lithological features. The lower part of this sequence is Q4 subseam is grayish black
to black, dull to bright in part, soft to brittle in a top part and hard in a bottom part,
sub-conchoidal to conchoidal fracture, and plants remain. Q3 subseam is grayish
black to black, dull, brittle to hard, sub-conchoidal to conchoidal fracture, pyrites
disseminate, and plants remain. Q2 subseam is brownish black to grayish black, dull,
brittle to slightly hard, sub-conchoidal fracture, carbonaceous mudstone and silty
claystone interbedded, white spots of siliceous and calcareous and plants remain.
The upper part of this sequence is Q1 subseam is grayish black to black, dull to
bright in part, brittle to hard, sub-conchoidal to conchoidal fracture, carbonaceous

mudstone and silty claystone interbedded, plants remain.

The coal K seam, 9 samples were collected from borehole no.MMC-1,
no.MMC-2 and no.MMC-3. K seam is divided into 3 subseams as K3-, K2- and K1
subseam in the study area, which identified by their geophysical responses and
lithological features. The lower part of this sequence is K3 subseam is grayish black
to black, black band interbedded, dull to slight bright, brittle to hard, sub-conchoidal
to conchoidal fracture, gastropod fossils (Planorbis sp.), and white spots of
calcareous and siliceous, plants remain. K2 subseam is brownish black to grayish
black, dull, brittle to slightly hard, sub-conchoidal to conchoidal fracture,
carbonaceous mudstone and silty claystone interbedded; white spots of siliceous
and carbonaceous, diatomite layer, pyrite disseminated, gastropod fossils (Planorbis
sp.) and plants remain. The upper part of this sequence is K1 subseam is grayish
black to black band interbedded, dull to slight bright in black band, brittle to slightly
hard, sub-conchoidal to conchoidal fracture, white spots of calcareous and siliceous,

pyrite disseminated and plant remains.



37

The coal J seam is divided into six subseams; J6, J5, J4 and J3 subseam were
deposited in the study area, which classified subseam by their geophysical responses
and lithological features, 12 samples were collected from borehole no.MMC1,
no.MMC-2 and no.MMC-3. The lower part of this sequence is J6 subseam, brownish
black to grayish black, dull, brittle, gastropod fragments (Melanoides sp.), pyrite
disseminated and plants remain. J5 subseam is brownish black to grayish black, dull,
white spots of calcareous and siliceous, gypsum and pyrite disseminated, diatomite
layer, carbonaceous mudstone interbedded. J4 sub-seam is brownish black, dull,
crumbly, white spots of calcareous and siliceous, gastropod fragments (Melanoides
sp.), gypsum and pyrite disseminated. The upper part of this sequence is J3 sub-seam
is brownish black, dull, crumbly, white spots of calcareous and siliceous, gypsum and

pyrite disseminated, with carbonaceous mudstone.

The upper coal seam is | seam, 2 samples were collected from boreholes
no.MMC2 and no.MMC3. | seam is divided into 2 subseams as 12 and I1 subseam in
the study area (from upper to lower deposition), which identified by their geophysical
responses and lithological features. | seam is brownish black, dull, mostly crumbly,

abundant gypsums and pyrites disseminated, and gastropod fossils (Margaya sp.)
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Coal

seam

Coal

subseam

Description

Core sample

Q4

Grayish black to black, dull
to brighten banded luster in
part, soft to brittle and
hard, sub-conchoidal to
conchoidal fracture, and

plant remains.

Q3

Grayish black to black, dull
luster, brittle to hard, sub-
conchoidal to conchoidal
fracture, pyrites disseminate,

and plant remains.

Q2

Brownish black to grayish
black, dull luster, brittle to
slightly hard, sub-
conchoidal fracture,
intraclast of carbonaceous
mudstone, and plant

remains.

Q1

Grayish black to black, dull
to brighten banded luster in
part, brittle to hard, sub-
conchoidal to conchoidal
fracture, intraclast of
carbonaceous mudstone,

plant remains.

Figure 3.9 Sample descriptions of Q seam coal.
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Coal

seam

Coal

subseam

Description

Core sample

K3

Grayish black to black, dull to
slight bright luster, brittle to
hard, sub-conchoidal to
conchoidal fracture,
gastropod fossils (Planorbis
sp.), and white spots of
calcareous and siliceous,

plants remain.

K2

Brownish black to grayish
black, dull luster, brittle to
slightly hard, sub-conchoidal
to conchoidal fracture,
carbonaceous mudstone
interbedded, white spots of
siliceous and carbonaceous,
diatomite layer, pyrite
disseminated, gastropod
fossils (Planorbis sp.), and

plants remain.

K1

Grayish black to black, dull to
slight bright luster in black
bandded, brittle to slightly
hard, sub-conchoidal to
conchoidal fracture, pyrite
disseminated and plants

remain.

Figure 3.10 Sample descriptions of K seam coal.
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Coal

seam

Coal

subseam

Description

Core sample

J6

Brownish black to grayish
black, dull, brittle, gastropod
fragments (Melanoides sp.),
pyrite disseminated and

plants remain.

J5

Brownish black to grayish
black, dull, white spots of
calcareous and siliceous,
gypsum and pyrite
disseminated, diatomite,
carbonaceous mudstone

interbedded.

Ja

Brownish black, dull,
crumbly, white spots of
calcareous and siliceous,
gastropod fragments
(Melanoides sp.), gypsum and

pyrite disseminated.

J3

Brownish black, dull, white
spots of calcareous and
siliceous, gypsum and pyrite
disseminated, with
carbonaceous mudstone

interbedded.

Figure 3.11 Sample descriptions of J seam coal.
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Coal Coal
Description Core sample
seam subseam
Brownish black, dull, crumbly,
abundant gypsums and
pyrites disseminated, and
12 gastropod fossils (Margaya
sp.).
|
Brownish black, dull, mostly
crumbly, abundant gypsums
and pyrites disseminated, and
11

gastropod fossils (Margaya

sp.).

Figure 3.12 Sample descriptions of | seam coal.



a2

Conchoidal fracture

-] M

Sub-conchoidal fracture

Figure 3.13 Mesoscopic of Q4 subseam - grayish black to black, dull, brittle to hard,

sub-conchoidal to conchoidal fracture.



Plants remain

] cmM

Figure 3.14 Mesoscopic of Q3 subseam - grayish black to black, dull, brittle to hard,

sub-conchoidal to conchoidal fracture and plant remains.
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Calcareous white spot

Figure 3.15 Mesoscopic of Q2 subseam - brownish black to grayish black, dull, brittle
to slightly hard, sub-conchoidal fracture, claystone fragments, calcareous white spot

and plant remains.



Dull luster

Brighten luster

Figure 3.16 Mesoscopic of Q1 subseam - grayish black to black, dull to brighten

banded, brittle to hard, sub-conchoidal to conchoidal fracture.
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Gastropod fossils (Planorbis sp.)

Sub-conchoidal fracture

] M

Figure 3.17 Mesoscopic of K3 subseam - grayish black to black, dull to slight bright in
part, brittle to hard, sub-conchoidal to conchoidal fracture, gastropod fossils

(Planorbis sp.), and white spots of calcareous.



Diatomite

Figure 3.18 Mesoscopic of K2 subseam - grayish black, dull, brittle to slightly hard,

sub-conchoidal to conchoidal fracture, layers of diatomite and plant remains.
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1cm

Conchoidal fracture

Rough surface

Figure 3.19 Mesoscopic of K1 subseam - grayish black to black dull to slight bright in
black band, brittle to slightly hard, sub-conchoidal to conchoidal fracture, rough core

surface.
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GastroEJod fragments

_]_ cm

Figure 3.20 Mesoscopic of J6 subseam - brownish black to grayish black, dull, brittle,

and gastropods remain (Melanoides sp.).
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Figure 3.21 Mesoscopic of J5 subseam - brownish black to grayish black, dull, white

spots of fossil fragments, mudstone fragments and volcanic debris?
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Mudstone banded--...____

Figure 3.22 Mesoscopic of J4 subseam - brownish black, dull, white spots of

calcareous and siliceous, mudstone banded and volcanic debris?.
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Mudstone clasts-..,,

== Gastropod fragments

Figure 3.23 Mesoscopic of J3 subseam - brownish black, dull, white spots of fossils

fragments, with mudstone clasts.
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3.2 Analytical method
3.2.1 Petrographic analysis

Petrographic study of coal is different from petrographic study of other rock
because shape and internal structure of macerals (organic material) are more visible
under the fluorescence mode. Therefore, the samples were prepared as polished

section (figure 3.24). The polished section procedures are as follows;

(1) The samples were cut to blocks (maximum size approximately 8-9 cm in
length). Each sample was perpendicular and parallel with bedding by
cutting.

Brittle material was impregnated with epoxy resin.

(2) Polished the sample on the high speed polishing machine using silicon
carbide powder (grit 200) until the sample were smooth.

(3) Polished the sample on the polishing mirror using silicon carbide powder
(grit 400, 600 and 1000) by hand until the sample were very smooth.
Then, cleaned the sample with water.

(4) Polished the sample using chromium oxide approximately 20 minutes and
micropolish (0.05 [lm gamma alumina) approximately 20 minutes as well.

(5) Cleaned the sample by water and to rub gently on a polishing cloth while

water is flowing.
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Figure 3.24 The polished section of coal for petrographic microscope study.

Coal sample were studied under polarizing microscope with UV. Excitation (figure
3.25). Macerals were identified and counted. Vitrinite, liptinite, inertinite, and maceral
matter were calculated to percentage. It can imply to depositional environment and

relate to coalification rank.

Figure 3.25 Polarizing microscope with UV Excitation at Geology department,

Chiangmai University.
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3.2.2 Geochemical analysis

3.2.2.1 Proximate analysis

Proximate geochemical analysis was used to evaluate the percentage by
weight of the fixed carbon, volatiles matters, ash and moisture content in sample.

Sample preparation for proximate analysis is as follows;

Coal samples were crushed to size 250 WWm and were split. Then, each

sample is weighed approximately 1 ¢ in crucible.
Proximate analysis procedures

(1) The crushed samples were weighed 1 g in crucibles. The crucibles

were taken to the oven at 108+2°C with the lids for 1 hour. The samples

were cooled in desiccator.

(2) The sample were weighed again and were calculated the loss in
weight. The loss of weight is moisture value. Then, the moisture values were

made to percentage.

(3) The samples from step 1 and 2 were heated at 900+15°C in
furnace without lids for 1 hour and 30 minutes until the carbon was burned.

The residue remaining was weighed as ash.

(4) The flash crushed samples were weighed approximately 1 g in

crucibles with lid. Then, the crucibles were taken to the furnace and were

heated at 900+15°C for 7 minutes. The samples were cooled in desiccator.

(5) Weighed the sample and calculated the loss in weigh. Then, the
volatile matter was calculated from % volatile matter = % the loss in weight -

%moisture.
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(6) From step 1-5, there are 3 values: %moisture, %ash, and %volatile
matter. Then, Fixed carbon value was calculates from this equation: % fixed
carbon = 100 - (%moisture - %ash - %volatile matter) (ASTM D4182-97, 2004).

Moreover, the mixed samples were weighed 1 ¢ and were analyzed
proximate analysis in the proximate analyzer (LECO TGA-701) (figure 3.26) for

moisture content, ash content, volatile matter content and fixed carbon

content of mixed sample.

27\

Figure 3.26 Proximate analyzer (LECO TGA-701) at Laboratory Section, Mae Moh Mine.

3.2.2.2 Ultimate analysis

Ultimate geochemical analysis was used to indicate various elemental

chemical constituents include carbon, hydrogen, nitrogen, oxygen and sulphur.

The crushed samples were weighed approximately 1 ¢ in consumable
aluminum or tin capsules and were taken to the CHN determinator (LECO TRuSpec
CHN) for carbon, hydrogen and nitrogen content (Figure 3.27) and S determinator

(LECO SC632) for sulphur content (figure 3.28). The samples were injected into
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combustion chamber. The combustion products were change into N,, CO,, H,O and
SO, (0az39-12), 2012(ASTM D4239-12, 2012). Each element was measured in several stages

and oxygen was calculated.

Figure 3.27 CHN determinator (LECO TRuSpec CHN) for carbon, hydrogen and

nitrogen contents at Laboratory Section, Mae Moh Mine.

HHR S
=
[T %g
: ‘

Figure 3.28 S determinator (LECO SC632) for sulphur contents at Laboratory Section,
Mae Moh Mine.




58

3.2.2.3 Calorific value analysis

The crushed samples were weighed approximately 1 ¢ and were taken to the
bomb calorimeters (LECO AC600) (figure 3.29). The water temperature increase
surrounding the vessel. Then, the gross calorific value was calculated (ASTM D5865-

11a, 2011).

Figure 3.29 Bomb calorimeters (LECO AC600) at Laboratory Section, Mae Moh Mine.
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Chapter 4

4. Results

The scope of this study is coal petrography and associated stratigraphy in
central part of Mae Moh basin. The study 3 boreholes are used to interpret the
lithostratigraphy. 35 coal samples were collected from 3 boreholes for petrographic
and geochemical analysis. They were collected from main coal seams in Mae Moh
group as J-, K- and Q seam of the Na Khaem formation, and minor coal seam is |
seam in Huai Luang formation. The resulting can be used to determine for coal

quality, coalification rank and depositional paleo environment as well.

4.1 Lithostratigraphy

The Mae Moh group lies unconformably on the Triassic Lamphang group. It
also underlies unconformably the coarse grained terrigenous sediments of
Quaternary fluviatile deposits. Focusing on Tertiary sequence of the Mae Moh basin
has been named the Mae Moh group were investigated by the detailed
lithostratigraphic logs of these 3 study boreholes along with pervious stratigraphy.
Mae Moh group is divided into 3 formations. The lower sequence is Huai King
formation (0 =300 m, thick), overall is a finding upwards sequence that culminates in
a dominantly silty clay facies interbedded fluvial and alluvial sandstone, partially
oxidized sandy claystone, and siltstone with calcrete layers at the base of the Mae
Moh basin, no macrofossils, abundant gastropods (Viviparus sp.) are present in the
lower part of the formation. The middle sequence is Na Khaem formation (300-400
m, thick) which deposited fine-grained grey sediments with the coal bearing from
bottom to top as S-, R-, Q-, K-, and J- seams. The upper sequence is Huai Luang
formation (0-400 m, thick) which is also commonly referred to Red Beds, consists of
red to brownish-red, claystone, siltstone and mudstone with lenses of sandstone, no

macrofossils, abundant gypsums and pyrites with rare plant roots. This formation
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contains the minor coal seam namely | seam, which abundant partly pyritized
gastropods (Mareaya sp.). The Tertiary sediment is overlain by unconsolidated
Quaternary fluviatile deposits consist of materials up to 30 m thick: top soils, clays,
silts, sands and gravels, vary color: yellow, red, ligsht to medium brown, extend across
much of the area. The stratigraphy of study area can be explained by

lithostratigraphy studied are as follows;

4.1.1 Borehole no. MMC-1

Borehole no. MMC-1 located in central part of Mae Moh basin at mine grids;
north 17.04, west 13.96, and 317 m thick. Sedimentary sequence composed of Huai
Luang formation in the upper and Na Khaem formation in the lower. The geological
cross section of mine grid line North 17 (figure 4.1) and sedimentary log is descripted

from the bottom to top (figure 4.2).

The lower sequence is underburden of member Il in Na Khaem formation,
represented by claystone, mudstone and silty claystone, grey to greenish grey, highly
calcareous, abundant gastropod fossils (Paludina sp.) in the upper bedded. This

sequence is overlaid by Q seam of member Il in Na Khem formation.

The Q seam is divided into 4 subseams as Q4, Q3, Q2 and Q1 from bottom to
top, which identified by their geophysical responses and lithological features. The
thickness of Q seam is 19.4 m. Lower subseam is Q4; grayish black to black, dull to
slightly bright in black banded, soft to brittle in a top part and hard in a bottom part,
sub-conchoidal to conchoidal fracture, pyrites disseminate and plants remain, 5.15 m
thick. Q3 is grayish black to black, dull to brighten in black banded, brittle to hard,
sub-conchoidal to conchoidal fracture, pyrites disseminate, and plants remain, 1.85
m thick. Middle subseam is Q2; brownish black to grayish black, dull, brittle to
slightly hard, sub-conchoidal fracture, carbonaceous mudstone and silty claystone
interbedded, siliceous and calcareous white spots, pyrites disseminate, and plants

remain, 5.65 m thick. Upper subseam is Q1; brownish black to grayish black, dull,
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brittle to hard, sub-conchoidal to conchoidal fracture, carbonaceous mudstone and

silty claystone interbedded, pyrites disseminate, and plants remain, 6.75 m thick.

Over the Q seam is represented by brown, brownish gray, gray, green and
greenish gray claystone is containing common coal flakes, plants remain, rare
ostracods. This sequence is named interburden (23.65 m, thick) of member Il in Na

Khaem formation.

Interberden is overlaid by K seam. K seam is upper part of member Il in Na
Khem formation, divided into 3 subseams as K3, K2, and K1 from bottom to top
which identified by their geophysical responses and lithological features. The
thickness of K seam is 22.75 m. Lower subseam is K3; grayish black to black, dull,
brittle to hard, sub-conchoidal to conchoidal fracture, gastropod fossils (Planorbis
sp.), calcareous and siliceous white spots, pyrite disseminated and plants remain, 8.8
m thick. Middle subseam is K2; brownish black to grayish black, dull, brittle to slightly
hard, sub-conchoidal to conchoidal fracture, carbonaceous mudstone and silty
claystone interbedded, siliceous and carbonaceous white spots, pyrite disseminated,
diatom layers, gastropod fossils (Planorbis sp.) and plants remain, 7.65 m thick. Upper
subseam is K1; grayish black to black, dull to brighten in black banded, brittle to
hard, sub-conchoidal to conchoidal fracture, calcareous and siliceous white spots,

pyrite disseminated and plants remain, 6.3 m thick.

Over K seam is represented by claystone and mudstone with occasional
siltstone, brownish gray, highly calcareous, pyritic in part, coal flakes, gastropod
(Melanoides sp.) interbedded. This sequence is named overburden (78.75 m, thick) of
member | in Na Khaem formation. In this sequence is consisting of J seam. In study
area remains 4 subseams as J6, J5, J4 and J3 from bottom to top which identified by
their geophysical response and lithological features. The J seam is interbedded by
thin to thick bedded of fine grained grey sediments. Lower subseam is J6; brownish

black to grayish black, dull, brittle, pyrite disseminated, gastropod fossils (Melanoides
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sp.) and plants remain, 1.7m thick. J5 is brownish black to grayish black, dull,
calcareous and siliceous white spots, gypsum and pyrite disseminated, thin
carbonaceous mudstone interbedded, 4.1 m thick. J4 is brownish black, dull,
crumble, calcareous and siliceous white spots, gastropod fragments, gypsum and
pyrite disseminated, 0.7 m thick. J3 is brownish black, dull, calcareous and siliceous
white spots, carbonaceous mudstone fragments, gypsum and pyrite disseminated, 0.7

m thick.

The Na Khaem formation is overlaid by Huai Luang formation represented by
claystone, siltstone and mudstone are red to brownish red, with lenses of sandstone,
no macrofossils, abundant gypsums and pyrites disseminated with rare plant roots,

gray silty claystone with red brown mottled in the bottom part.
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Figure 4.1 Geological cross section of mine grid line N17 in central part of Mae Moh

basin



MMC-1

Formation

Description

Age
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D000
B

Meters
0

50

100

Explantion

Claystone, mudstone
and slltstone

Coal

J -searn sample (4)

K -seam sample (3)

Q -seam sample (4)

Huai Luang

Claystone, siltstone and mudstone: red to brownish-red,
with lenses of sandstone, no macrofossils, abundant
gypsums and pyrites with rare plant roots and flame
structure, gray silty claystone with red brown mottled in

the lower part.

Na Kheam|

Member |

J3: brownish black, dull, crumble, white spots of calcareous
and siliceous, gypsum and pyrite disseminated, with
carbonaceous mudstone,

Ja: brownish black, dull, crumble, white spots of calcareous
and siliceous, gastropod fossils (Melanoides sp.), gypsum

and pyrite disseminated.
J5: brownish black, dull, white spots of calcareous and

siliceous, gypsum and pyrite disseminated, carbonaceous

mudstone interbedded.
J6: brownish black, dull, brittle, gastropod fragments, pyrite

disserninated and plants remain.

Overburden: claystone and mudstone with occasional
sittstone; brownish gray, highly calcareous, pyritic in part,
coal flakes, pyritic in part.

Member Il

K1: grayish black to black band interbedded, dull to slight
bright in black band, brittle to slightly hard, sub-conchoidal
to conchoidal fracture, white spots of calcareous and

siliceous, pyrite disseminated and plants remain.
K2: brownish black to grayish black, dull, brittle to slightly

hard, sub-concheidal to concheidal fracture, carbonaceous
mudstone and silty claystone interbedded, siliceous and
carbonaceous white spots, pyrite disseminated, gastropod

fossils (Planorbis sp., Melanoides sp.) and plants remain.
K3: grayish black to black, black band interbedded, dull to

slight bright, brittle to hard, sub-conchoidal to conchoidal
fracture, gastropod fossils (Planorbis sp.), white spots of
calcareous and siliceous, plants remain.

Interburden: claystone: brown, brownish gray, gray, green
and greenish gray containing common coal flakes, plants
rernain, rare ostracods.

Q1: brownish black to grayish black, dull, brittle to hard,
dull, sub-conchoidal to conchoidal fracture, carbonaceous
mudstone and silty claystone interbedded, pants remain.
Q2: brownish black to grayish black, dull, brittle to slightly
hard, sub concheidal fracture, carbonaceous mudstone
and silty claystone interbedded, white spots of siliceous
and calcareous, plants remain.

Q3: grayish black to black, dull, brittle to hard, sub-con-

choidal to conchoidal fracture, pyrite disseminate, plants

remnain.
Q4: grayish black to black, dull, soft to brittle in a top part

and hard in a bottom part, sub-conchoidal to conchoidal
fracture, plants rernain.

Member Il

Underburden: claystone,mudstone and silty claystone, grey
to greenish grey, calcareous, abundant gastropod beds
(Paludina sp.) in the upper part, fish fragments, ostracods
and plants remain.

Miocene

Figure 4.2 Lithostratigraphic column of borehole no. MMC-1
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4.1.2 Borehole no. MMC-2

Borehole no. MMC-2 located in central area of Mae Moh basin at mine grids;
north 7.83, west 17.03 and 565 m thick. Sedimentary sequence composed of
Quaternary deposited in the upper, Huai Luang formation in the middle, and Na
Khaem formation in the lower. The geological cross section of mine grid line North 8

(figure 4.3) and sedimentary log is descripted from the bottom to top (figure 4.4).

The lower sequence is underburden of member Il in Na Khaem formation
which represented by claystone, mudstone and silty claystone, grey to greenish grey,
highly calcareous, abundant gastropod fossils (Paludina sp.) in the upper bedded,
ostracods and plants remain. This sequence is overlaid by Q seam of member Il in Na

Khem formation.

The Q seam is divided into 4 subseams as Q4, Q3, Q2 and Q1 from bottom to
top, which identified by their geophysical responses and lithological features. The
thickness of Q seam is 19 m. Lower subseam is Q4; grayish black to black, dull, soft
in a top part and brittle to hard in a bottom part, sub-conchoidal to conchoidal
fracture, pyrites disseminate and plants remain, 4.2 m thick. Q3 is grayish black to
black, dull to brighten in black banded, brittle to hard, sub-conchoidal to conchoidal
fracture, pyrites disseminate, and plants remain, 2.5 m thick. Middle subseam is Q2;
grayish black, dull, brittle to slightly hard, sub-conchoidal fracture, carbonaceous
mudstone and silty claystone interbedded, siliceous and calcareous white spots,
pyrites disseminate, and plants remain, 6.1 m thick. Upper subseam is Q1; grayish
black, dull, brittle to hard, sub-conchoidal to conchoidal fracture, carbonaceous and
siliceous white spots, mudstone and silty claystone interbedded, pyrites disseminate,

and plants remain, 6.2 m thick.

Over the Q seam is represented by brown, brownish gray, gray, green and
greenish gray claystone is containing common coal flakes, plants remain, rare
ostracods. This sequence is named interburden (23.9 m, thick) of member Il in Na

Khaem formation.
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Interberden is overlaid by K seam. K seam is upper part of member Il in Na
Khaem formation, divided into three subseams as K3, K2, and K1 from bottom to top,
which identified by their geophysical responses and lithological features. The
thickness of K seam is 24.3 m. Lower subseam is K3; grayish black to black, dull to
brighten in black banded, brittle to slightly hard, sub-conchoidal to conchoidal
fracture, calcareous and siliceous white spots, pyrite disseminated, gastropod fossils
(Planorbis sp.) and plants remain, 6.8 m thick. Middle subseam is K2; brownish black,
dull, brittle to slightly hard, sub-conchoidal to conchoidal fracture, siliceous and
carbonaceous white spots, mudstone and silty claystone interbedded, pyrite
disseminated, gastropod fossils (Planorbis sp.) and plant remains, 11 m thick. Upper
subseam is K1; grayish black to black, dull to brighten in black banded, brittle to
hard, sub-conchoidal to conchoidal fracture, pyrite disseminated and plant remains,

6.5 m thick.

Over K seam is represented by claystone and mudstone with occasional
siltstone, brownish gray, highly calcareous, pyritic in part, coal flakes, gastropod
(Planorbis sp.) interbedded. This sequence is named overburden (83.4 m thick) of
member | in Na Khaem formation. In this sequence is consisting of J seam. In study
area remains 4 subseams as J6, J5, J4 and J3 from bottom to top which identified by
their geophysical response and lithological features. The J seam is interbedded by
thin to thick bedded of fine grained grey sediments. Lower subseam is J6; brownish
black to black, dull, brittle, pyrite disseminated, gastropod fossils (Melanoides sp.)
and plant fragments, 2.1 m thick. J5 is brownish black; dull, soft to brittle, calcareous
and siliceous white spots, gypsum and pyrite disseminated, carbonaceous mudstone
interbedded, 3 m thick. J4 is brownish black, dull, calcareous and siliceous white
spots, gastropod fragments, gypsum and pyrite disseminated, 0.7 m thick. J3 is
brownish black, dull, crumble, calcareous and siliceous white spots, silty claystone

fragments, gypsum and pyrite disseminated, 0.8 m thick.

The Na Khaem formation is overlaid by Huai Luang formation is represented
by claystone, siltstone and mudstone are red to brownish-red, with lenses of

sandstone, no macrofossils, abundant gypsums and pyrites with rare plant roots and
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flame structure and minor coal seam namely | seam. | seam is brownish black, dull,
mostly crumble, gypsum and pyrite disseminated, and gastropod fragments (Margaya
sp.), 2 m thick. The Huai Luang formation is the upper sequence of Mae Moh group,
which underlies unconformably the coarse grained terrigenous sediments of

Quaternary fluviatile deposits.

The uppermost is Quaternary deposited is represented by alluvium which
composed of top soils, clays, silts, sands, gravels, vary color: yellow, red, and light to

medium brown.
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Formation

Description
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Age

10 Explantion
Claystone, mudstone
and siltstone
—

AAANS Unconformity
| -searn sample (1)
® J -seam sample (4)
® K -seam sample (3)
. Q-seam sampla (4)

Alluvium deposits top solls, clays, silts, sands, gravels,vary color:
yellow, red, light to medium brown,

Pleistocene - Resent]

Huai Luang

Claystone, siltstone and mudstone: red to brownish-red, with lenses
of sandstone, no macrofossils, abundant gypsums and pyrites with

rare plant roots and flame structure.

I: brownish black, dull, mostly crumble, gypsum and pyrite
disseminated, gastropod fossils (Margaya sp.).

Na Kheam

Member |

Claystone, siltstone and mudstone: red to brownish-red, with lenses
of sandstone, no macrofossils, abundant gypsums and pyrites with
rare plant roots and flame structure, gray claystne and silty
claystone, with red-brown mottled in the bottom part.

J3: brownish black, dull, crumble, white spats of calcareous and
siliceous, gypsum and pyrite disseminated, with silty claystone,
plants remain,

Ja: brownish black, dull, crumble, white spots of calcareous and
siliceous, gastropod fossils (Melanoldes sp.), gypsum and pyrite
disseminated.

J5: brownish black, dull, soft to brittle, siliceous white spots, pyrite
dissemninated.,

J&: brownish black to black, dull, soft to brittle, gastropod fossils
(Melanoides sp.).

Overburden: claystone and mudstone with occasional siltstone,
brownish gray, highly calcareous, pyritic in part, coal flakes, pyritic
In part.

Member Il

K1: grayish black, dull, brittle to hard, sub-conchoidal to conchoidal
fracture, pyrite disseminated, plants remain

K2: browmnish black, dull, brittle to slightly hard, sub-conchoidal to
conchoidal fracture, calcareous and siliceous white spots, mudstone
and slty claystone interbedded, pyrite disseminated and gastropod
fossils (Planorbis sp., Melanoides sp ).

K3: grayish black to black, black band interbedded, dull to slightly
bright, brittle to hard, sub- conchoidal to conchoidal fracture,
siliceous to calcareous white spots, pyrite disseminated, gastropod
fossils (Planobidoe sp), plants remain

interburden: claystone: brown, brownish gray, eray, green and
greenish gray containing common coal flakes, plant remains, rare
ostracods,

01: grayish black, dull, brittle to hard, sub-conchoidal fracture,
carbonaceous mudstone and silty claystone interbedded, gastropod
fossils (Viviparus sp. and Planobidae sp) and plants remain,

Q2: grayisg black, dull, brittle, sub-conchoidal fracture, white spots,
mudstone interbedded, plants remain,

Q3: grayish black to black, dull, brittle to hard, sub-conchoidal
fracture, pyrite disseminate, plants remain.

Q4: grayish black to black, dull, soft in a top part and brittle to hard
ina bottom part, sub-conchoidal to conchoidal fracture, plants

remain.

Member Il

Underburden: claystone,mudstone and silty claystone, grey to
greenish grey, calcareous, abundant gastropod beds (Paluding sp.) in
the upper part.

Miocene

Figure 4.4 Lithostratigraphic column of borehole no. MMC-2.
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4.1.3 Borehole no. MMC-3

Borehole no. MMC-3 located in central area of Mae Moh basin at mine grids;
north 0.048, west 19.71 and 500 m thick. Sedimentary sequence composed of
Quaternary deposited in the upper, Huai Luang formation in the middle, and Na
Khaem formation in the lower. The geological cross section of mine ¢rid line North 8

(figure 4.5) and sedimentary log is descripted from the bottom to top (figure 4.6).

The lower sequence is underburden of member Il in Na Khaem formation
which represented by claystone, mudstone and silty claystone, grey to greenish grey,
highly calcareous, abundant gastropod fossils (Paludina sp.) in the upper part,
ostracods and plants remain. This sequence is overlaid by Q seam of member Il in Na

Khaem formation.

The Q seam is divided into 4 subseams as Q4, Q3, Q2 and Q1 from bottom to
top, which identified by their geophysical response and lithological features. The
thickness of Q seam is 18.5 m. Lower subseam is Q4; grayish black to black, dull, soft
in a top part and brittle to hard in a bottom part, sub-conchoidal to conchoidal
fracture, pyrites disseminate and plants remain, 4.1 m thick. Q3 is grayish black to
black, dull to brighten in black banded, brittle to hard, sub-conchoidal to conchoidal
fracture, pyrites disseminate, and plants remain, 1.8 m thick. Middle subseam is Q2;
grayish black, dull, brittle to slightly hard, sub-conchoidal fracture, carbonaceous
mudstone and silty claystone interbedded, siliceous and calcareous white spots,
pyrites disseminate, and plants remain, 5.6 m thick. Upper subseam is Q1; grayish
black, dull, brittle to slightly hard, sub-conchoidal to conchoidal fracture,
carbonaceous and siliceous white spots, mudstone and silty claystone interbedded,

pyrites disseminate, gastropod fossils and plants remain, 7 m thick.

Over the Q seam is represented by brown, brownish gray, gray, green and
greenish gray claystone is containing common coal flakes, plants remain, rare
ostracods. This sequence is named interburden (23 m thick) of member II in Na

Khaem formation.
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Interberden is overlaid by K seam. K seam is upper part of member Il in Na
Khaem formation, divided into three subseams as K3, K2, and K1 from bottom to top
which identified by their geophysical responses and lithological features. The
thickness of K seam is 24 m. Lower subseam is K3; grayish black, dull, brittle to
slightly hard, sub-conchoidal to conchoidal fracture, calcareous and siliceous white
spots, pyrite disseminated, gastropod fossils (Planorbis sp.) and plants remain, 8 m
thick. Middle subseam is K2; brownish black, dull, brittle to slightly hard, sub-
conchoidal to conchoidal fracture, siliceous and carbonaceous white spots,
carbonaceous mudstone and silty claystone interbedded, pyrite disseminated,
gastropod fossils (Planorbis sp.) and plants remain, 10.2 m thick. Upper subseam is
K1; erayish black to black, dull to bright in black banded, brittle to hard, sub-
conchoidal to conchoidal fracture, pyrite disseminated and plants remain, 5.8 m

thick.

Over K seam is represented by claystone and mudstone with occasional
siltstone, brownish gray, highly calcareous, pyritic in part, coal flakes, gastropod
(Melanoides sp.) interbedded. This sequence is named overburden (72 m thick) of
member | in Na Khaem formation. In this sequence is consisting of J seam. In study
area 4 remains subseams as J6, J5, J4 and J3 from bottom to top which identified by
their geophysical response and lithological features. The J seam is interbedded by
thin to thick bedded of fine grained grey sediments. Lower subseam is J6; brownish
black, dull, brittle, pyrite disseminated, gastropod fossils (Melanoides sp.) and plant
fragments, 1 m thick. J5 is brownish black, dull, white spots of calcareous and
siliceous, gypsum and pyrite disseminated, carbonaceous mudstone interbedded, 2
m thick. J4 is brownish black, dull, crumble, calcareous and siliceous white spots,
gastropod fragments, gypsum and pyrite disseminated, 1 m thick. J3 is brownish
black, dull, crumble, gypsum and pyrite disseminated, with sitly clystone fragments,

1 m thick.

The Na Khaem formation is overlaid by Huai Luang formation is represented
by claystone, siltstone and mudstone are red to brownish-red, with lenses of

sandstone and conglomerate, no macrofossils, abundant gypsums and pyrites with
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rare plant roots and flame structure and minor coal seam namely | seam. | seam is

brownish black, dull, mostly crumble, gypsum and pyrite disseminated, 2 m thick.

- 1000

SIE UE S WE w3 M2 SE UM ST M SM oW s 15 = L

-0

-1100

-1100

2w
-1208

—-1200
P—

-1300

00

2300
—

£

Alluvium

—2400

-2400

|
] i

i
wE me G O m2 02 SR W2 R 0N BN WE & (8 @@ 0 02 K S0 00 G2 05T GO (B mgm- 083

—2500

-2500

§ A \ 2
! B
=
£ 3
g 2 © =
h o @ ©
] (%] E
O =
o]
- c
i e on
' 7 £
o
2
o I o
5 = © +
0 5 (] 2]
T wn Iﬁ
X
| 1 T
& =
< @ IS >
5 2 © JE
' ko B g =
K21 =y ©
=3 £
= bl [ = o]
3 g <
3 ¥ on
I £
20|z ot
= e £
i ; g 2
i Q e
-2
& 2
o § \
>
<
o
©
IS
on
e}
Qo
O
'_

Figure 4.5 Geological cross section of mine grid line NO in central part of Mae Moh

basin (unpublished cross section from EGAT, 2016).



Formation

Description

Age

100 Explantion
Claystone, mudstone
and siltstone

1 =seam sample (1)
[ ] 1 -seam sample (@)
[ ] K -seam sampla (3)
@ Q -seam sample (4)

Huai Luang

Claystone, siltstone and mudstone: red to brownishred, with lenses
of sandstone, no macrofossils, abundant gypsums and pyrites with
rare plant roots and flame structure,

I: brownish black, dull, mestly crumbles, gypsum and pyrite
disseminated, gastropod fossils (Margaya sp.).

Member |

Claystone, siltstone and mudstone: red to brownish-red, with lenses
of sandstone, no macrofossils, abundant gypsums and pyrites with
rare plant roots and flame structure, gray claystne and silty
claystone, with red-brown mottled in the bottom part.

J3: brownish black, dull, crumble, gypsum and pyrite disseminated,
with silty claystone, plants remain.

J4: brownish black, dull, crumble, white spots of calcareous and
siliceous, gastropod fragments, gypsum and pyrite disseminated.

J5: brownish black, dull, white spots of calcareous and siliceous,
gypsum and pyrite disseminated, carbonaceous mudstone
interbedded.

J6: brownish black, dull, brittle, pyrite disseminated, plant remain
with mineral matters, gastropod fossils (Melanaides sp).

Overburden: claystone and mudstone with occasional siltstone,
brownish gray, highly calcareous, pyritic in part, coal flakes, pyritic
in part.

Na Kheam|

Member Il

K1: grayish black, dull, brittle to hard, sub-concheidal to conchoidal
fracture, pyrite disseminated, plants remain,

K2: brownish black, dull, brittle to slightly hard, sub<onchoidal to
concholdal fracture, calcareous and siliceous white spots, pyrite
disseminated, gastropod fossils (Planoibis sp., Melanoides sp) and
carbonaceous mudstone interbedded.

K3: grayish black, dull, brittle to slightly hard, sub-conchoidal to
conchoidal fracture, calcareous and siliceous white spots, pyrite
disseminated and gastropod fossils (Planorbis sp).

Interburden: claystone: brown, brownish gray, gray, green and
greenish gray containing common coal flakes, plant remains, rare
ostracods.

Qt: grayish black, dull, brittle to slightly hard, sub-concheidal to
conchoidal fracture, calcareous and siliceous white spots, pyrite
disseminated and silty claystone interbedded, gastropod fossils
(Wviparus sp. ) and plants remain.

Q2: grayish black, dull, brittle to slightly hard, sub-conchoidal to
concheidal fracture, calcareous and siliceous white spots, pyrite
disseminated and silty claystone interbedded.

Q3: grayish black, dull, brittle to hard, sub-concholdal fracture,
pyrite disseminate, plants remaln.

Q4: grayish black to black, dull, soft in a top part and brittle to hard
in a bottom part, sub-conchaidal to conchoidal fracture, plants
remain.

Member il

Underburden: claystone,mudstone and silty claystone, grey to
greenish grey, calcareous,abundant gastropod beds (Poludina sp) in
the upper part, fish fragments, ostracods and plant remains.

Miocene

Figure 4.6 Lithostratigraphic column of borehole no. MMC-3.
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Figure 4.7 Composite stratigraphy of study area.
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4.2 Geochemical results

Geochemical analysis was described the chemical variations within the coal
sequence from the bottom to top of deposition. Coal samples were measured the

proximate analysis, ultimate analysis, and calorific value analysis.

The proximate analyses of the lower sequence Q seam shows the weight on
as received basis of fixed carbon ranges from 23.38 to 29.32%, volatile matter ranges
from 30.06 to 31.34%, ash ranges from 12.13 to 16.08%, and moisture ranges from
28.49 to 29.48%.

K seam shows the weight of fixed carbon ranges from 21.96 to 27.119%,
volatile matter ranges from 29.87 to 31.13%, ash ranges from 11.66 to 16.41%, and

moisture ranges from 30.50 to 30.81%.

J seam shows the weight of fixed carbon ranges from 15.82 to 21.16%,
volatile matter ranges from 28.52 to 29.51%, ash ranges from 17.96 to 23.18%, and

moisture ranges from 31.37 to 32.70%.

| seam shows the weight of fixed carbon ranges from 16.00 to 17.40%, volatile
matter ranges from 24.61 to 25.41%, ash ranges from 24.19 to 26.39%, and moisture
is 33%.
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Figure 4.8 Graph showing fixed carbon variations (on as received basis, weight %)

within the coal sequence, in central part of Mae Moh basin.
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The samples were analyzed by ultimate analysis method. Ultimate analysis
gives carbon (C), hydrogen (H), nitrogen (N), oxygen (O), and also sulphur (S)

elemental contents. Oxygen is then obtained by calculation.

The ultimate analyses of Q seam shows the weight on dry basis of carbon
content ranges from 71.92 to 73.16%, hydrogen content ranges from 5.06 to 5.26%,
nitrogen content ranges from 2.24 to 2.38%, oxygen content ranges from 13.57 to

14.74% and sulphur content ranges from 5.07 to 6.41%.

K seam shows the weight of carbon content ranges from 69.93 to 70.75%,
hydrogen content ranges from 4.96 to 5.10%, nitrogen content ranges from 2.48 to
2.57%, oxygen content ranges from 17.59 to 19.24% and sulphur content ranges from

2.58 to 4.68%.

J seam shows the weight of carbon content ranges from 65.24 to 68.32%,
hydrogen content ranges from 5.03 to 5.30%, nitrogen content ranges from 1.79 to
2.20%, oxygen content ranges from 19.69 to 20.84% and sulphur content ranges from

3.90 to 7.21%.

| seam shows the weight of carbon content ranges from 63.57 to 63.64%,
hydrogen content ranges from 5.08 to 5.21%, nitrogen content ranges from 1.73 to
1.81%, oxygen content ranges from 23.20 to 23.69% and sulphur content ranges from

5.93 to 6.14%.
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within the coal sequence, in central part of Mae Moh basin.
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Calorific value (Kcal/kg.)

Calorific value is the chemical energy which is released as thermal energy
under combustion condition. For coal, calorific value indicates rank. The calorific
value on as received basis of Q seam ranges from 3,737 to 4,054 Kcal/ke., K seam
ranges from 3,476 to 3,839 Kcal/kg. J seam ranges from 2,440 to 3,203 Kcal/kg. | seam

ranges 2,123-2,243 Kcal/ks.
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Figure 4.17 Graph showing calorific value variations (on as received basis, Kcal/kg.)

within the coal sequence, in central part of Mae Moh basin.
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4.3 Petrographic results
4.3.1 Petrographic determination

The smallest microscopically recognizable organic entities in coal and
sedimentary rocks are called macerals. They are analogous to minerals in rocks.
Whereas minerals are inorganic and have a homogeneous chemistry and an orderly
internal structure, macerals consist of a mixture of organic compounds. The chemical
and physical properties of macerals vary with coal rank or effects of metamorphism
(coalification) as well as with the starting material. Macerals in coal are distinguished
microscopically by color, relief in a polished surface, morphology, size, reflectance
and fluorescence. Macerals can be classified and subdivided because they represent
different parts of the original plant material and microorganisms that contributed to
the peat. The degree of degradation, fragmentation, and oxidation of the organic
plant material prior to preservation are also considered in the classification of
macerals. The quantity of each maceral group varies both between and within coal
beds. The 3 major groups of macerals are vitrinite (huminite), liptinite and Inertinite.
These maceral groups are each subdivided into maceral subgroups and macerals.
Several standardized systems of nomenclature exist worldwide. The Australian
Standard, AS3856-1986 (Australian Standards, 1995) and the ASTM Standard, D2799
(ASTM, 1996) are variations of the system used by the International Committee for
Coal and Organic Petrology (1998 and 2001), which is continually reviewing their
terminology and classification. These classifications are shown in table 4.1. This study
was using the classification and properties of macerals, following the Australian

Standard, AS3856-1986.



Table 4.1 Classification of macerals into subgroups and groups, based on the International
Committee for Coal and Organic Petrology (1998 and 2001), the Australian Standard system of
nomenclature (AS, 1995), and the American Society for Testing and Materials (ASTM, 1996).

Maceral Maceral Maceral Maceral Maceral
Group Subgroup (ICCP, 1995) (AS 3856-1986) (ASTM D 2799)
Vitrinite Telovitrinite Telinite Textinite* Vitrinite
(Huminite) Collotelinite Texto-Ulminite*
Eu-Ulminite*

Telocollinite

Detrovitrinite Vitrodetrinite Attrinite*
Collodetrinite Densinite*

Desmocollinite

Gelovitrinite Gelinite Corpogelinite
Corpogelinite Porigelinite*

Eugelinite

Liptinite Sporinite Sporinite
Cutinite Cutinite
Fluorinite Resinite
Resinite Alginite
Suberinite
Alginite
Liptodetrinite

Exsudatinite

Bituminite
Inertinite Telo-Inertinite Fusinite Fusinite
Semifusinite Semifusinite
Funginite Sclerotinite

(Sclerotinite)

Detro-Inertinite Inertodetrinite Inertodetrinite
Micrinite Micrinite
Gelo-Inertinite Macrinite Macrinite

*Refers to brown coal (low rank) macerals, otherwise the vitrinite classification is for medium and high rank coals.
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In this study, the coal samples are collected from 4 coal seams namely Q, K
and J seams of the Na Khaem formation and minor coal seam as | seam of Huai
Luang formation, were taken from the 3 boreholes in central part of Mae Moh basin.
The 35 pellets are prepared for coal petrographic study, using point counting method
under polarizing microscope with normal reflected light, crossed-polarized light and
fluorescence light. Generally, the characteristics of the coal within the Mae Moh
basin under the reflected light, compared with rocks, is that the huminite likes
groundmass and the inertinite likes grains scatter in the groundmass. The inertinite is
dark, while huminite is medium bright. The liptinite is clearly characterized by grain,
very bright under the reflected light.

Petrographic investigation of individual coal seams reveal the studied coals
consist largely of macerals >70% with small amount of inorganic materials <30%.
Huminite maceral group is the highest percentage followed by liptinite and inertinite.
Moreover, there are mineral matters in all samples. The results of coal petrography
in this study are summarized in table 4.2.

Huminite tends to increase from | seam to Q seam (figure 4.18) similar to
liptinite and inertinite group (figure 4.19 and 4.20). Conversely the mineral matter

tends to decrease from | seam to Q seam (figure 4.21).
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Table 4.2 The average percentage of maceral and mineral matter and calculated

facies indices of coals in central part of Mae Moh basin.
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The Q seam, 12 samples were collected from borehole no.MMC1, no.MMC2
and no.MMC3. Q seam is divided into 4 subseams as Q4, Q3, Q2 and Q1 subseam

form bottom to top.

Q4 subseam consists of 57 to 58% huminite group are dominated by gelinite
and densinite. 15 to 21% of liptinite group are dominated by liptodetrinite, cutinite,
sporinite, and amorphinite. 12 to 14% of inertinite group are dominated by fusinite,
semifusinite, sclerotinite. 10 to 15% of mineral matters are dominated by clay

mineral, quartz, and pyrite dominantly in form of framboidal.

Q3 subseam consists of 57 to 60% huminite group are dominated by gelinite,
densinite and some texto-ulminite. 16 to 20% of liptinite group are dominated by
sporinite, amorphinite, liptodetrinite and cutinite. 13 to 15% of inertinite group are
dominated by semifusinite, fusinite and sclerotinite. 8 to 12% of mineral matters are

dominated by clay mineral, quartz, and pyrite dominantly in form of framboidal.

Q2 subseam consists of 58 to 68% huminite group are dominated by gelinite
densinite, and some texto-ulminite. 5 to 15% of liptinite group are dominated by
cutinite, sporinite, liptodetrinite, amorphinite, and exsudatinite. 13 to 16% of
inertinite group are dominated by fusinite and sclerotinite. 13 to 16% of mineral

matters are clay mineral, quartz, and pyrite dominantly in form of framboidal.

Q1 subseam consists of 55 to 60% huminite group are dominated by gelinite
and gelinite. 16 to 22% of liptinite group are dominated by sporinite, liptodetrinite,
cutinite, amorphinite, and alginite. 12 to 13% of inertinite group are dominated by
semifusinite, fusinite and sclerotinite. 10 to 12% of mineral matters are clay mineral,

quartz, and pyrite dominantly in form of framboidal.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.22 photomicrographs of highly reflecting fusinite band under plane polarize
light (A), bright yellow serrated linear of cutinite, bright yellow various shape of
sporinite, bright yellowish green of alginite stand out in the groundmass, and
common pale yellow to pale green small fragment of liptodetrinite under

fluorescence light (C) in groundmass of densinite; Q4 subseam.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.23 photomicrographs of bright yellow serrated linear of cutinite, bright
yellow various shape of sporinite under fluorescence light (C) in the groundmass of

densinite with abundant pyrite; Q4 subseam.
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(A) PPL = Plane Polarize light

Figure 4.24 photomicrographs of texto-ulminite including highly reflecting round
shape of sclerotinite which derived from fungal material and considered being an

oxidation product of resin; Q3 subseam.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.25 photomicrographs of dark stringer cutinite, which running across (thin-
walled cutinite) under plane polarize light (A), bright yellowish green round shape of
sporinite and some exsudatinite filled into crack in groundmass of densinite, under

cross polarized light (C); Q2 subseam.



100

". §\.':'»emlfusumte ‘ ™\
E e
Densinite s .
‘\-_m 0.016 mm E

» g Amorphrﬂ
-7 A

\ Sem r&sm ite *

’ -
- » -' . -
- > 2 3 ‘\Spqrmrtes.

e 1
. s 0_

(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.26 photomicrographs of intermediate reflecting of semifusinite, which
partially visible cellular structure under plane polarize light (A), discrete small
fragment of liptodetrinite, amorphous shape of amorphinite under fluorescence light

() in the groundmass of densinite; Q1 subseam.
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The K seam, 9 samples were collected from borehole no.MMC-1, no.MMC-2
and no.MMC-3. K seam is divided into 3 subseams as K3, K2 and K1 subseam from

bottom to top.

K3 subseam consists of 57 to 61% huminite group are dominated by gelinite,
densinite and some texto-ulminite. 12 to 21% of liptinite group are dominated by
amorphinite, sporinite, cutinite, liptodetrinite, alginite, and some exsudatinite. 12 to
13% of inertinite group are dominated by sclerotinite and fusinite. 10 to 15% of
mineral matters are clay mineral, and quartz, pyrite dominantly in form of

framboidal.

K2 subseam consists of 56 to 60% huminite group are dominated by
densinite, gelinite and some texto-ulminite. 12 to 18% of liptinite group are
dominated by liptodetrinite, amorphinite, sporinite, cutinite, alginite and some
exsudatinite. 12 to 13% of inertinite group are dominated by semifusinite, fusinite
and sclerotinite. 13 to 16% of mineral matters are as clay mineral, quartz, pyrite

dominantly in form of framboidal and layers of diatomite association.

K1 subseam consists of 55 to 58% huminite group are dominated by gelinite
and densinite and some texto-ulminite. 13 to 20% of liptinite group are dominated
by sporinite, cutinite, liptodetrinite, amorphinite, alginite and exsudatinite. 12 to 15%
of inertinite group are dominated by fusinite and sclerotinite. 10 to 16% of mineral
matters are clay mineral, quartz, pyrite dominantly in form of framboidal and

diatomite.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.27 photomicrographs of yellowish green fluorescing of alginite, yellowish
brown fluorescing of sporinite, associated with yellowish green serrated linear

fluorescing of cutinite in groundmass of densinite; K3 subseam.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.28 photomicrographs of bright linear yellow fluorescing of alginite in type of
Lamalginite?, abundant yellowish green various shape of sporinite under

fluorescence light (C) in the groundmass of densinite with abundant pyrite; K3

subseam.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light

Figure 4.29 photomicrographs of texto-ulminite, represent intact fragments of plant
matter; presence of remnant cell structure, filled with mineral matter under cross

polarized light (B); K2 subseam.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.30 photomicrographs of bright yellow to yellowish green round shape of
alginite in type of Botryococcus sp.? stand out under fluorescence light (O),

associated with diatomite and mineral matter; K2 subseam.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.31 photomicrographs of diatomite, yellow various shapes of sporinite,
associated with yellowish green serrated linear fluorescing of cutinite under

fluorescence light (C) in the groundmass of densinite and gelinite; K1 subseam.
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The J seam is divided into 4 subseams; J6, J5, J4 and J3 subseam were
deposited in study area, 12 samples were collected from borehole no.MMC1,

no.MMC-2 and no.MMC-3.

J6 subseam consists of 56 to 60% huminite group are dominated by gelinite
and densinite, 13 to 16% of liptinite group are dominated by liptodetrinite,
amorphinite, sporinite, alginite and cutinite. 7 to 8% of inertinite group are
dominated by semifusinite, fusinite and sclerotinite. 16 to 22% of mineral matters are

clay mineral, quartz, pyrite dominantly in form of framboidal and diatomite.

J5 subseam consists of 45 to 52% huminite grous are dominated by densinite
and gellinite. 22 to 25% of liptinite group are dominated by sporinite, liptodetrinite,
cutinite and amorphinite. 5 to 6% of inertinite group are dominated by fusinite, and
20 to 25% of mineral matters are clay mineral, quartz, and pyrite dominantly in form

of framboidal, diatomite and volcanic ash in place.

J4 subseam consists of 43 to 50% huminite group are dominated by gelinite
and densinite. 18 to 30% of liptinite group are dominated by liptodetrinite, alginite,
sporinite and amorphinite. 5 to 6% of inertinite group are dominated by semifusinite,
fusinite and sclerotinite. 22 to 26% of mineral matters are clay mineral, quartz, pyrite

dominantly in form of framboidal and volcanic ash in place.

J3 subseam consists of 53 to 62% huminite group are dominated by gelinite
and densinite. 8 to 16% of liptinite group are dominated by sporinite, liptodetrinite,
amorphinite, alginite and cutinite. 6 to 7% of inertinite group are dominated by
fusinite, semifusinite and sclerotinite. 23 to 25% of mineral matters are clay mineral,

quartz, pyrite dominantly in form of framboidal.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.32 photomicrographs of gelified material of gelinite and individual small
fragment of densinite, including yellow fluorescing crenulation on some surface of
cutinite, bright yellow of alginite stand out under fluorescence light (C), associated

with mass of mineral matters mainly pyrite; J6 subseam.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.33 photomicrographs of bright yellow appendage of cutinite, bright yellowish
green various shapes of sporinite, yellow discrete small fragment of liptodetrinite
under fluorescence light (C), associated with pyrite in form of framboidal pyrite
(round shape) brighten under plane polarize light (A) in groundmass of densinite and

gelinite; J5 subseam.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.34 photomicrographs of gelified material layer of gelinite and individual
small fragment of densinite, associated with discrete small fragment of liptodetrinite,

amorphous shape of amorphinite, and fossil remains (fish fragments?); J4 subseam.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light

Figure 4.35 photomicrographs of gelified material layer of gelinite and individual
small fragments of densinites, including bright yellowish green various shape of
sporinite, discrete small fragment of liptodetrinite under fluorescence light (C),
associated with brighten pyrite in form of framboidal pyrite (round shape) under

plane polarize light (A); J3 subseam.
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The upper coal seam is | seam, 2 samples were collected from borehole
no.MMC2 and no.MMC3. | seam is divided into 2 subseams as 12 and I1 subseam from

bottom to top, in the study area.

| seam consists of 54 to 55% huminite group are dominated by gelinite and
densinite. 10 to 15% of liptinite group are dominated by alginite, sporinite,
amorphinite and litodetrinite. 4 to 5% of inertinite group are dominated by fusinite,
semifusinite and sclerotinite. 27 to 30% of mineral matters are clay mineral, quartz,

and pyrite dominantly in form of framboidal.
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(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light, (C) FL = Fluorescence light

Figure 4.36 photomicrographs of gelified material layer of gelinite, including bright
yellow fluorescing alginite, bright yellow various shape of sporinite, yellow discrete
small fragment of liptodetrinite under fluorescence light (C), associated with mass of

mineral matter mainly quartz and pyrite; | seam.
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Framboidal pyrite

(A) PPL = Plane Polarize light, (B) XPL = Cross Polarized light

Figure 4.37 photomicrographs of brighten pyrite in form of framboidal pyrite (round
shape) under plane polarize light (A) and bright yellow under cross polarized light (B)

in the groundmass of gelinite; | seam.
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Huminite group is the main group in study coals. Major type is gelinite,

following by densinite, and some texto-ulminite.

Gelinite is derived from the contents of plant cells or from humic fluids from
plant tissure which may occur during decay and diagenesis. Therefore, gelinite shows
structureless, compact and homogeneous. It is formed as groundmass. It apparently
shows shrinkage cracks because of desiccation. It was found in almost all coal seams.

Fluorescence color is none and shows colourless in normal reflected light.

Densinite is individual particular fragments. It is formed as groundmass with
gelinite. It was found in all coal seams. It displays colorless in normal reflected light

and flurescence is none.

Texto-ulminite is plant tissue. The tissue is gelified but it still displays cellular
structure (cell walls). Texto-ulminite is found in Q and K seam. It displays colorless in

normal reflected light and fluorescence color is none.

Liptinite group is the material that forms the outer layer of spores and
pollens. They are generally more resistant to degradation. They are dominated by
liptodetrinite, sporinite, cutinite, alginite and some exsudatinite. All mecerals of this

group are fluorescent.

Liptodetrinite is fragments of liptinites which occurs from oxidized liptinite in
oxidized condition. It is found in all coal seams. It has a small size. The

fluorescence color is yellow or the color can change depending on its origin.

Sporinite derives from spore or pollen. It was found in all coal seams.
Sporinite shows different shapes because it is from different types of plant. There
are round shape and long shape. They show colorless but some show yellow to
golden yellow under normal reflected light. Some samples show brown color and
high relief under crossed-polarized light. They appear orange, yellow to yellowish

brown color under fluorescence light. It was dominated in Q and K seam.
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Cutinite is cutin which forms the outer layers of leaves or cuticles. The
physical properties of cutinite are similar to sporinite. It shows long shape and ridge
shape. It is colorless under normal reflected light and shows brown color under
crossed-polarized light. The Fluorescence color is yellowish green. It was dominated

in Q and K seam.

Alginite is derived from algae, devided into 2 groups: telalginite and
lamalginite. Lamalginite is abundant. It shows small, thin and long shape. It has
high relief, colorless under normal reflected light and shows brown color under
crossed-polarized light. The fluorescence color of lamalginite is yellowish brown to
yellowish green. Telalginite is Botyococcus sp. Botyococcus shows a thick mass and
similar to flowers. It is colorless, has high relief under normal reflected light and has
brown color, high relief under crossed-polarized light. The fluorescence color shows

yellow and some show yellowish green. It was dominated in J and | seam.

Exsudatinite is a secondary resinite which fills in vein, crack, the empty cell
lumens or any space available. Exsudatinite in found in Q and K seam. It has

colorless under normal reflected light. The fluorescence color is yellowish green.

Inertinite group is derived from tissue of fungi and fine detrital fragment which

are called sclerotinite/funginite and fusinite, respectively.

Fusinite is well preserved cellular structure of parenchyma, collenchyma or
sclerenchyma which occur from fire, in situ burning or tectonic activities. It shows
very bright and strong relief under normal reflected light and black under UV
Excitation. Fusinite is found in almost all samples, dominated in Q and K seam.

Sclerotinite is derived from fungal. It is rare in this basin. Its color under
normal reflected light is colorless and brighter than huminite and liptinite but some

show pale grey. The fluorescence color is none. It was rare in | seam.

Moreover, there are mineral matters in all samples. Quartz, clay mineral,

pyrite and layer of diatomite and volcanic ash are found. Mineral matters have no
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fluorescence color. Some pyrite and diatomite are fluorescent because they are
filled by hydrocarbon. Under normal reflected light, quartz shows colorless, clay
mineral shows brown or colorless, pyrite shows yellow or golden yellow and layer of

diatomite shows yellow as well.

4.3.2 Vitrinite reflectance measurement

The degree to which the vitrinite in a coal reflects light in polished section

studies can readily be seen to increase as the rank of the coal increases. Using

standardized techniques, with green light (wavelength 5250A) and immersion oil with
an R.I. of 1.515, the amount of light reflected from a well-polished vitrinite particle
can be determined using a suitable photo-multiplier and appropriate reference

standards.

If polarized light is used, a variation in reflectance will be noted as the
microscope stage is rotated, since vitrinite usually behaves as the microscope state is
rotated, since vitrinite usually behaves as a uniaxial negative mineral. In such a case,
the maximum reflectance, or the average of the two maxima 180° apart is
determined for each grain in the crushed maceral mount. When such maximum
reflectance readings have been obtained from a suitable number of vitrinite grains

(usually 50) the mean maximum reflectance, Ro. is calculated for the coal sample.

The mean maximum reflectance of vitrinite varies from around 0.3% for
brown coals to over 2.3% for anthracites. It varies most significantly in material of
bituminous rank, and as a result is applicable as a rank indicator for many
commercial coals, where rank is related to coking or liquefaction characteristics. In
combination with an index of coal type it can be used to characterize coal samples
on a petrographic, rather than a chemical basis (Bennett and Taylor, 1970). The
development from peat through the stages of the different brown coals (lignite), sub-
bituminous and bituminous coals to anthracites and meta-anthracites is termed

coalification.
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This study was measured their mean maximum vitrinite reflectances of 4 coal
seams as |-, J-, K- and Q seam by SGS (THAILAND) LIMITED. They have the Ro. of
0.53, 0.60, 0.57 and 0.58%, respectively. The highest vitrinite reflectance is sample
from J seam, with Ro, 0.60% and lowest vitrinite reflectance is sample from | seam,
with Romay 0.53%. They can be classified to subbituminous A ranks, according to the

German (DIN) and North American (ASTM) classifications.
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Chapter 5

5. Discussion

5.1 Depositional paleo environment

In this study, 3 boreholes in the central part of Mae Moh basin were selected
for lithostratigraphy studied and 35 coal samples selected for petrography study,
which collected from main coal seams in Mae Moh group as J-, K- and Q seam of the
Na Khaem formation, and minor coal seam as | seam of Huai Luang formation.
Composite stratigraphy has been made by 3 boreholes correlation. It can be used to
interpret the depositional environment by appearance characters of each sequence

along with the coal petrography study.

Coal petrographic study is dominated by huminite, followed by liptinite and
inertinite group. Huminite group is characterized by gelinite followed by densinite
and some texto-ulminite. Liptinite group is composed of liptodetrinite, sporinite,
cutinite, alginite, amorphinite and some exsudatinite. Inertinite group is fusinite,
semifusinite and funginite in sclerotinite type. Moreover, there are mineral matters in
all samples, characterized by diatomite, clay mineral, pyrite dominantly in form of
framboidal, silicate, carbonate, and some volcanic ash in place. Details of
depositional sequence are descripted from the lower to upper deposition following

paragraphs.

The underburden is the lowest part, consists of fine grained sediment as
claystone, mudstone and silty claystone, indicated that low energy of floodwater
had been transported into the basin. These large amounts of sediments were
transported into the basin which made the basin shallow enough for plant deposit
lead to coal formation (Q seam). This petrographic study is revealed depositional
environment of Q seam is alternation of lacustrine to forest swamp environments. In

the lacustrine environments, the major macerals are dominated by huminite group
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mainly disintegrade types such as gelinites and densinites. Liptinites are dominated
by liptodetrinite indicated highly oxidation of plant materials before deposition and
exsudatinite is common even at early levels of maturation. Rare alginite is indicated
waterlog was not common. In the forest swamp environments are characterized by
the presence of dissolved texto-ulminite, sporinite, cutinite and macerals in the
inertinite consist of fusinite and funginite in form of sclerotinite. Fusinite is indicated
dried up condition. Pyrites in form of framboidal are disseminated throughout the

coals.

The Q seam was terminated by floodwater which resulted in thick bed of fine
grained sediment (interburden) above coal seam. Interburden is a persistent
sequence of the fine grained sediments of brown, brownish gray, gray, green and
greenish gray claystone, and containing common coal flakes, fish remains, plant
roots, rare ostracods and gastropods (Viviparus sp.), indicated freshwater lacustrine
deposited. A large amount of interburden was transported into the basin
continuously which made the basin shallow enough for plant accumulation lead to
coal formation (K seam) again. The depositional environment of K seam is alternation
of lacustrine to forest swamp environments. In the lacustrine environments, the
major macerals are dominated by huminite group mainly of high disintegrade types
such as gelinite, densinite. Liptinites represented by alginite. The major of alginites in
Mae Moh is thin-wall lamaginite which dominant in late middle Miocene time
(Ratanasthien et al., 1999). Liptodetrinite indicated highly oxidation of plant materials
before deposition. The tree trunks association indicated the forest swamp
environments are characterized by the macerals composed of highly dissolved texto-
ulminite, sporinite and cutinite. Exsudatinites indicated early levels of maturation.
The diatomite association indicated there was a volcanic eruption occurred during
the deposition period and contributed high silica volcanic ash into the basin.
Gastropod fossils (Planorbis sp., Melanoides sp.) associated in coal indicated shallow
water lacustrine and mastodon remains associated in K1 subseam could be infer the

possibility catastrophism and terminated the K seam (Ginsberg, 1983).
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Piwkam (2012) reported two palynological zones found in K and Q seams.
The first zone is the Laevigatosporites ovatus zone found in all of sequences,
consists mainly of Laevigatosporites ovatus, Cyathidites minor and Foveotriletes
magaritae which interpreted to be in a subtropical to tropical climate. The second
zone is the Magnastriatites g¢randiosus zone found in the upper sequences,
represents as a fresh water lacustrine deposit that is the evidence of the freshwater
spores of Magnastriatites grandiosus in abundance. The spores compared with the

genus Ceratopteris, freshwater floating ferns strongly indicate spores living in swamp.

The next sequence consists of thick bed of fine grained sediments
(overburden) again. Overburden is brownish gray claystone and mudstone with
occasional siltstone, highly calcareous and gastropod (Melanoides sp.) which
indicated a long time of floodwater deposit. The upper sequence is coal formation (J
seam). The depositional environment of J seam is alternation of lacustrine to forest
swamp environments similar to Q and K seam. In the lacustrine environments, the
major macerals are dominated by huminite group mainly of disintegrade types as
gelinite, densinite. Liptinites dominated by alginite and liptodrinite. The forest swamp
deposits are characterized by cutinite, and sporinite along with fusinite are included.
Mineral matters are dominated by pyrites in form of framboidal pyrites, diatomite,
and some volcanic ash. The high percentage of sulphur, and diatomite throughout
the J seam could be the effect of this volcanic eruption and terminated the J seam.
During the deposition of J seam short time coal accumulation indicated highly

tectonic disturbance during the deposition (Ratanasthien et al., 1997).

Tankaya (2001) reported the coals deposited in northern part of Mae Moh
basin, the mineral matters are dominated by silica in from of quartz, kaolinite,
calcite, gypsum and siderite. The result of sulphur’s isotope from gypsum is low
value (s +05 to +4.3%) indicated effect from volcanic eruption during coal

accumulation.

The upper most of top J seam is dominant of claystone, siltstone and silty

claystone, with vary color. It marks the transition from the reducing environment of
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lacustrine deposition typical of the Na Khaem formation to the oxidizing conditions
characteristic of the alluvium deposits of the Huai Luang formation, which is also
commonly referred to as Red Bed, consists of red to brownish red claystone,
siltstone and mudstone with lenses of sandstone. The brownish red to red colors
due to the oxidation of fine grained pyrite to hematite disseminated throughout
certain layers of the formation (Sompong et al,, 1996). No macrofossils have been
found but there are abundant gypsums and pyrites with rare roots and flame

structures which indicated fluvial lacustrine deposited.

The red bed sequence is thick fine to coarse grained sediments indicated that
floodwater had been transported into the basin for a long time, which made the
basin shallow enough for plant deposit lead to coal formation (I seam). The
depositional environment of | seam is mainly of lacustrine environments is
characterized by the macerals composed mainly of gelinite and densinite. Liptinite
dominated by alginite and liptodetrinite. The presence of abundant pyrites in form of
frambodoidal pyrites and gypsums are distributed throughout the mass of coals.
Frambodoidal pyrites indicated the source of mainly aquatic plants which underwent
huminization under the influence of aerobic bacteria first, followed by anaerobic
bacteria (Ratanasthien and Kandharosa, 1987) and the presence of gypsum in this
sequence suggests high pH conditions. This coal deposit was terminated by
floodwater deposit again which resulted in thick sediment above the coal seam. And
the last sequence is alluvium deposits represented by clays, silts, sands, gravels with

vary color indicated fluviatile depositional environment.

Their depositional of studied coal deposited in central part of Mae Moh basin
similarity in northwest part of Mae Moh basin, 70 coals samples show a relatively
high huminite (60 to 90%) and liptinite (5 to 25%) contents, a low inertinite contents
(less than 5 %) and no recorded in percentage of mineral matters. The petrographic
results could indicate typical depositional environment is lacustrine swampy peat
bearing formation (Ratanasthien et al., 1997). In the Li basin, the two sections (Ban Pa

Kha and Ban Pu) of Li formation which is believed deposit during upper Oligocence
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have in common on some lithofacies which did not occur in Mae Moh basin. There
is carbonaceous shale, oil shale, mudstone, fining upward and coarsening upward
sandstone lithofacies. Some planar and trough cross-bedded sandstone are also
present in the Li basin. From lithofacies association of two sections, It can be
indicated the depositional environment of this basin are dominantly fluvial- alluvial
system which some minor lacustrine deposits associated in Ban Pa Kha. According to
Promkotra, 1994, petrography results of 24 coal samples from Ban Pa Kha in Li basin
are mostly of huminite (85 to 95%) dominated by textinite and less of liptinite (2 to
7%) presented by cutinite and resinite, rare of Inertinite (0 to 3 %) consists of
sclerotinite only. The percentage of mineral matter is varying from 2 to 10%. The
coal beds are associated with dark gray mudstone, greenish grey mudstone and thin
beds of fine-grained sandstone. This association may represent the changing of
depositional environment from low energy flood plain and forest swamp to shallow
lacustrine-deltaic environment. The fine grained sand bed may deposit during the
high flooding period. The lacustrine deposits are carbonaceous shale, oil shale and
dark grey mudstone. The well preserved organic matter suggests an accumulation
under anoxic conditions probably in a stratified lacustrine (Reading, 1996). The
coarsening upward sandstone at Ban Pu commonly associated with dark grey
mudstone and coal. Therefore, the suitable interpreted depositional environments
for this sand facies would be a crevasse splay deposit. Another support this
interpretation is that these two sections association occurred near the braided

channel and overbank deposit (Uttamo, 1998).
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Figure 5.1 Depositional environment interpretation of study area in central part of Mae

Moh basin.
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The ternary diagram of maceral assemblages is used for evaluation of
depositional environment. (Hower, 1990; Mukhopadhyay, 1986) defined the vertices
of a ternary diagram, later modified by Kalkreuth et al. (1991) as: vertex a) parameter
that considers gelified tissues and liptinite from terrestrial plants in forest swamps
with good tissue preservation; vertex b) parameter that includes gelified detritus,
gelinite, and liptinite related to aquatic environments such as a reed marsh
dominated by herbaceous plants with a high level of tissue maceration and high
bacterial activity; and vertex c) parameter that comprises the inertinite content,
related to oxidizing environments, including wildfire (Scott, 1989). This interpretive

ternary diagram was used for facies determination based on maceral assemblages.

The study coal samples were plotted into the ternary diagram, showing a
peat-forming environment is not definitely ascribed to forest swamp or a reed marsh
environment. | and J seam suggest high groundwater level during peat formation,
while K and Q seam suggest low groundwater level during peat formation which can

be inferred peat originated from higher plants.
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Ternary diagram
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Figure 5.2 Ternary diagram suggesting peat-forming environments for Mae Moh coals,

based on maceral assemblages (modified after (Mukhopadhyay, 1986)).



127

Furthermore, Diessel (1986) has introduced two petrographic indices, the
Gelification Index (GlI) and Tissue Preservation Index (TPI). These indices were used to
characterize the depositional environments of Australian Permian coals. For low rank
Miocene and Jurassic coals, these indices have been modified by Kalkreuth et al.
(1991) and Petersen (1993), respectively. TPl is mainly governed by water depth and
the frequency of dry periods and is modified by pH and trophic level, but the
botanical composition plays also a role. Gl is a measure of groundwater table and/or
pH indicator, because gelification requires the continuous presence of water and
because microbial activity requires low acidity (Kolcon and Sachsenhofer, 1999). A
fluctuating water table caused by drier periods may increase the wildfire frequency,
which also will influence the Gl due to the formation of inertinite during burning of
the plants. The coals were plotted in the Diessel's diagram with TPI and Gl base on
maceral assemblage. The Tissue Preservation Index (TPI) and Gelification Index (Gl)

are calculated as shown in equation 4 and equation 5.

TPI = humotelinite+semifusinite+fusinite Equation 4

humodetrinite+humocollinite+inertodetrinite

Gl = huminite Equation 5

inertinite

The TPl is a ratio of tissue derived structured macerals (gelified and oxidized)
versus tissue-derived unstructured macerals (detritus and gels). This petrographic
index also gives an indication of the vegetation which has contributed to the peat
biomass and its preservation. High TPl values indicate well-preserved plant tissues
balanced by the ratio of plant growth and peat accumulation versus rise in
groundwater table controlled by basin subsidence. Low TPl suggests either
predominance of herbaceous plants or poor preservation of wood material. The Gl

relates macerals of the huminite/vitrinite group plus macrinite to oxidized tissues and
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detritus to quantify the gelification degree of the organic matter. Thus the Gl reflects
the relative water level during peat formation, indicating the relative dryness or
wetness of the peat forming conditions. It is a measure not only of the degree of
tissue gelification but also the rates of peat accumulation and basin subsidence. Wet
conditions of peat formation are predicted to have high GI and TPI indices, whereas

drier conditions lead to low Gl and low TPI indices (Diessel, 1992).
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Figure 5.3 The study coal facies depicted from the Gelification Index (Gl) and Tissue

Preservation Index (TPI) in relation to depositional setting and type of mire (modified

after (Diessel, 1986)).

Mae Moh coals were plotted in the Diessel's diagram (Diessel, 1986) with TPI
and Gl base on maceral assemblage. The study samples are characterized by low TPI

values (0.11 to 0.52) and moderate to high Gl values (3.67 to 13.50). Accordingly



129

deciphered these study coals have originated under limnic(lacustrine) condition of
peat formation with vegetation characteristics of marsh and wet forest swamp type,
which was also supported by dominance of huminite macerals (e.g., gelinite,
densinite, and some texto-ulminite) following by liptinite macerals (e.g., litodetrinite,
sporinite, cutinite, and alginite) and less of inertinite macerals (e.g., fusinite,
semifusinite and sclerotinite). The low TPI values suggest high bacterial activity, and
high pH conditions, and preservation of gastropod shells. High alkalinity and reducing
conditions may be inferred from the presence of syngenetic (framboidal) pyrites,
which in turn destroys cellular and thus the poor tissue preservation. Low TPI values
can be either the result of the vegetation type (e.g. high angiosperm/gymnosperm
ratio) or due to less favorable conditions of tissue preservation (Kolcon and
Sachsenhofer, 1999). The high GI values suggest a constant influx of calcium-rich

water into the basin (Markic and Sachsenhofer, 1997; Singh and Singh, 2000).

Similarly to Pliocene lignites from Apofysis mine, Amynteo basin,
Northwestern Greece, the huminite is the most abundant maceral group (47 to 84%)
and consists mostly of humodetrinite, while liptinite (2 to 11%) and inertinite (3 to
17%) has relatively low percentage, associated with mineral matters 7 to 34%. Pyrite
content is relatively high (1.5 to 3.5%), found mostly in the form of framboidal pyrite
and suggests enhanced activity of sulphate-reducing bacteria, probably related to
carbonate and sulphate-rich waters in the basin. The presence of high amounts of
pyrites thus indicates a marine influence on the precursor mires. Low TPI and high Gl
values are observed. TPI less than 0.6 and Gl higher than 6 suggest a topogenous
mire. GI>10 reveals a marsh-reed environment or a forest with high degrees of

degradation, permanently flooded (lordanidis and Georgakopoulos, 2003).

Sia and Abdullah (2012) recorded the petrographic of Pilocence Balingian coal
from Sarawak, Malaysia is dominated by huminite (56.7 to 94.7%), with low to
moderate amounts of liptinite (1.1 to 40.8%) and low amounts of inertinite (0.8 to
8.9%), pointing to predominantly anaerobic deposition conditions in the paleomires,

with limited thermal and oxidative tissue destruction. Most of the studies samples
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are characterize by low TPI and high Gl values, and are plotted on the marsh field of

the Diessel’s diagram.

By contrast, Permian Gondwana coals from Barapukuria basin, northwest part
of Bangladesh, the eight coal samples have that maceral composition is dominated
by the inertinite group (30 to 69%). Semifusinite, fusinite and inertinite were the most
common macerals of the inertinite group. Following by vitrinite group (2 to 50%) is
collotelinite, collodetrinite and vitrodetrinite were the most frequently found
macerals of the vitrinite group. Liptinite groups (15 to 25%) are most common
sporinite and cutinite. Mineral matter is low percent (2 to 15%). Clay mineral
occurred in higher than the other minerals. Low Gl (0.03 to 1.72) versus low TPI (0.25
to 29.50) cross-plot and dominance of inertinite macerals clearly demonstrate that
the organic matter has been derived from terrestrial inputs and the condition of
deposition was oxic (dry forest swamp) which was also supported by the absence of
alginite. It is most likely that the coals were deposited within a peat swamp flood

basin environmental setting (Farhaduzzaman et al., 2012).
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Figure 5.4 Comparisons of maceral contents (%) related to depositional environment

of the study coals in Mae Moh basin and other basins.
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Figure 5.5 Diagram of TPI versus Gl showing the depositional paleo environment of

the peat mires (modified after (Diessel, 1986)), compare between the study coals in

Mae Moh basin and oversea coals basin.
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5.2 Coalification rank

The categorization of coals by degree of metamorphism is known as rank
classification. The changes in rank result mainly from the weight of overlaying
sedimentary rock, the heat produced by depth of burial, time, structural
deformation, chemistry of the water and biochemical actions, all of which contribute

to progressive compaction.

There are 3 analyses to classify the coal; proximate analysis, ultimate analysis
and calorific determination. The results of proximate and calorific value analysis can
assess the coalification rank by using the ASTM stand D388 (2005), and ultimate

analysis also used to assess the coal rank by Van Krevelen diagram (Krevelen, 1993).

Proximate analysis; fixed carbon and volatile matter contents tend to increase
from | seam to Q seam (figure 4.8 and 4.9). Conversely, ash and moisture decrease

toward from | seam to Q seam (figure 4.10 and 4.11).

The relationship of proximate analysis indicates that increasing of fixed carbon
content shows decreased of ash and moisture contents. The ash content is
considered to be an approximation for mineral matters. Likewise, increasing of fixed
carbon shows increased of volatile matter. Therefore, coals of this study area have
hish volatile matter, carbon and hydrogen contents that can be generated

hydrocarbon such as methane.

Ultimate analysis; carbon, hydrogen, nitrogen, oxygen and sulphur contents
are derived from organic compound. Therefore, carbon from ultimate analysis is
higher than fixed carbon from proximate analysis. Carbon, hydrogen and nitrogen
contents tend to increase, but in some points are not always the same because
there are different in type of peats (figure 4.12, 4.13 and 4.14). Conversely, oxygen
contents decrease toward from | seam to Q seam (figure 4.15). Trend of sulphur

content decrease but some points are not the same, depending on reduced
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condition or element supply (figure 4.16). Most of coal seams quite contain high
sulphur could be resulted from volcanic ash contribution.

Calorific value tends to increase from | seam to Q seam (figure 4.17). This
value relates to volatile matter content from proximate analysis and carbon and
hydrogen content from ultimate analysis. Therefore, high volatile matter, carbon and
hydrogen content relate to high calorific value.

Besides, the atomic ratio of hydrogen and carbon (H/C ratio) and oxygen and
carbon ratio (O/C ratio) were described the coalification rank by using Krevelen
diagram (Krevelen, 1993). Carbon, hydrogen, and oxygen content from ultimate
analysis are divided by the atomic weight, and then they are calculated the ratio of
H/C and O/C. The study coals were plotted within the coalification band of Van
Krevelen diagram (Krevelen, 1993). They show trend of coal rank increasing from |
seam to Q seam which are lignite/subbituminous, and some samples of Q seam fell
within the rank of bituminous, probably due to its high carbon contents. Similar to
the H/C and O/C atomic ratios of the coal from northeast part of Mae Moh basin
were plotted within the Van Krevelen diagram. They fell within the

lignite/subbituminous band (Sompong et al., 1996).
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According to the ASTM classification of coal by rank considering percent fixed
carbon and volatiles matter on dry, mineral-matter-free basis along with calorific
value on moist, mineral matter free basis. For coal, the calorific value has to be
changed to unit of Btu/lb (British Thermal Units per pound). The results show the
fixed carbon is less than 69%, volatiles matter is more than 31%, and calorific value
is from 6,828-10,207 Btu/lb. They can be classified to lignite A to subbituminous B

ranks. Coalification rank tends to increase from | seam to Q seam.
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Figure 5.7 Graph showing coal rank related to coal seams by using the ASTM standard

(D388), which described by the fixed carbon on dry, mineral matter free basis.
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Figure 5.8 Graph showing coal rank related to coal seams by the ASTM standard
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Figure 5.9 Graph showing coal rank related to coal seams by using the the ASTM

standard (D388), which described by calorific value on moist, mineral matter free

basis.

Coals in study area are classified as low rank coal varies from lignite A to

subbituminous B. Trend of coalification rank increases from | seam to Q seam, which

related to depth of burial.

Sompong et al. (1996) reported the coal samples (J-, K- and Q seam) were

collected from northeast part, which shallower than central part of Mae Moh basin



139

.Their coal quality in fixed carbon and volatiles matter on dry, mineral matter free
basis along with calorific value on moist, mineral matter free basis are 33 to 42%, 58

to 67% and 6,755 to 7,579 Btu/lb respectively, classify the coals are lignite A rank.

The comparison between the studied coals in central part and northeast part
of Mae Moh basin by Sompong et al. (1996) following ASTM (D388) show coals
deposit in central part is higher rank than coals deposit in northeast part, which

related to depth to depth of burial (figure 5.10, 5.11 and 5.12).
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Figure 5.10 Graph showing fixed carbon (on dry, mineral matter free basis, avg. %)

compared between central part by this study and northeast part by Sompong et al.

(1996) following ASTM D388.
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compared between central part by this study and northeast part by Sompong et al.

(1996) following ASTM D388.
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Figure 5.12 Graph showing gross calorific value (on moist, mineral matter free basis,

avg. Btu/lb.) compared between central part by this study and northeast part by

Sompong et al. (1996) following ASTM D388.
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Moreover, petrographic study can also use to imply coalification rank of coal.

The study coals have a mean maximum vitrinite reflectances between 0.53 to 0.60%,
with the average of 0.57%, suggesting a subbituminous A rank. The highest
percentage vitrinite reflectances of J seam is 0.60%, may be affected from heat by
volcanism process. The coal rank was determined by using the vitrinite reflectance is

higher than the coal rank from geochemical determination.

Singharajwarapan et al. (2014) recorded the vitrinite reflectance of K and Q
seams were also collected from central part are relative low, varying from R0 0.32 to
0.53%, with the average of 0.42%., suggesting a subbituminous C to subbituminous B
ranks. Sompong et al. (1996) reported the vitrinite reflectance of the coals was
collected from northeast part of Mae Moh basin has a mean random Vvitrinite

reflectance between 0.23 to 0.44% with the average 0.33%, suggesting a lignite rank.

All the studies can be implied the vitrinite reflectance of Mae Moh coals are
regarded low rank as lignite to subbituminous rank, indicating immature stage. This is
consistent with the lithology of coal, which considering as the lower rank or soft

brown coal.
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Figure 5.13 Comparisons of the vitrinite reflectance (Ro %) of coals in central part of

Mae Moh basin by this study and Singharajwarapan et al. (2014).
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The low rank of Mae Moh coals similarity in the Pliocene lignites from
Apofysis mine, Amynteo basin, Northwestern Greece in term of their high ash
contents and sulphur content, the high ash contents could indicate of a topogenous
setting. They have vitrinite reflectance 0.20-0.24% (avg.0.22%), indicated lignite ranks
and immature stage (lordanidis and Georgakopoulos, 2003). The Pilocence Balingian
coals from Sarawak, Malaysia have a mean random huminite reflectance between
0.26 and 0.35%, suggesting a lignite coal rank. Nevertheless, geochemical
classification based on total moisture and calorific value suggests a subbituminous C

rank (Sia and Abdullah, 2012).

According to Ratanasthien (1987), petrographical characteristics of Thai coal
by reported major coal deposits in Thailand occur in Tertiary basin while traces of
thin coal beds have been found associated with Jurassic and Carboniferous rocks.
The Carboniferous coals were subjected to intensive tectonic activities and produced
highest rank with Rogmax. 6.72 %. Jurassic coals show greater rank of coalification with
Romax varying between 0.5 and 4.14 % whereas Tertiary coals are almost immature,
Romax varying between 0.27 and 0.68 %. By contrast, the Permian Gondwana coals
from Barapukuria basin, northwest part of Bangladesh, geochemical study has been
measured moisture (10%), ash (12.4%), volatile matter (29.2%), fixed carbon (48.4%),
sulphur (0.53%) and calorific value 10,450 Btu/lb (6,604 Kcal/kg.), suggest the coal is
high volatile bituminous which is in the good agreement with the measured vitrinite
reflectance values ranged from 0.72 to 0.81, indicating a high volatile bituminous B

rank indicating initial mature stage (Farhaduzzaman et al., 2012).



Table 5.1 Comparison the vitrinite reflectance measurements

coals and oversea coals.

between the study

145

Vitrinite reflectance (Vol. %)

Coal Location Coal rank Age Reference
Min-Max% Ro Mean % Ro
0.53-0.60 0.57 Subbituminous A, - ;o e This study
immature stage
Central part
0.32-0.53 0.42 Slubbltumlnous G Miocence Singharajwarapan ef a/(2014)
immature stage
Northwest part 0.23-0.44 0.33 L'gn'teét;';‘g‘at”re Miocence Sompong et a/(1996)
Amynteo basin, S L
Greece 0.20-0.24 0.22 Lignite, immature Pliocene Iordanidis and Georgakopoulos
stage (2003)
Balingian basin, 0.26-0.35 0.32 O RS e Pliocene Sia and Abdullah (2012)
Malaysia S
Barapukuria High volatile
basin, 0.72-0.81 0.77 bituminous B, initial Permian Farhaduzzaman et a/(2012)
Bangladesh mature stage
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5.3 Evolution

The Mae Moh basin was formed during the middle Miocene, then strongly
faulted, uplifted and eroded. The basin passed through a transgressive-regressive,
fluvial-lacustrine-fluvial depositional cycle that partly reflected regional changes in
the base level of erosion created by changing distant sea levels, and was partly a

response to the changing tectonic regime.
Phase I: Depositional environment of Huai King formation.

Deposition began with the fluvial facies of the Huai King formation. The bulk
of this formation was supplied by braided stream. The coarse grained sediment was
dumped close to the edge of the highland, while the fine grained spread across the
valley floor. The characteristic fining upward trend of the Huai King formation implies
that the gradient diminished with time. As movement on the faults slowed and
sediments filled the topography, the region became one of slow moving streams
flood plains and ephemeral lacustrine and peat swamps occurred around the area,

which became S seam coal.

Braided stream

- Sandbar
‘- .’

Huai King sediments
V< =<
. Peat —— Huai King sediments
uncenformity W\ Basement of sedimentary

rock of Lampang group

Figure 5.14 Depositional environment of coal S seam.

Phase II: Depositional environment of Na Khaem formation.

The second phase of deposition was marked by widespread inundation and

establishment of lacustrine conditions. The change was rapid, so that extensive fine
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grained sediments such clays and muds with some silty muds were deposited across
most of the basin (underburden). The margins of the lacustrine were vegetated. The
tectonic processes similar to those controlling deposition during phase | persisted
during phase IIl. There is no indication there was a signification change in the rate of
subsidence, and the flooding is likely to have been due to a change in the base level
of erosion by a rise in level of the distant sea (Sompong et al,, 1996). A slowing of
the processes enabled deltaic facies to advance into a shallow lacustrine so that

swamps became established, and generating the peats that became R seam coal.

Sandbar
Na kheam

formation

Peat

S

™\ Huai King formation

Figure 5.15 Depositional environment of coal R seam.

Floodplain

Underburden

Huai King formation

Figure 5.16 Depositional environment of underburden.
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In the lacustrine- deltaic environment, if the rate of sediment input remains
constant, but there is a reduction in the rate regional subsidence and changing base
level of erosion, the delta top became to shallower water and then swampy

environment. The spread of the swamp that generated the Q seam coal.

The highest percentage of huminite dominated by texto-ulminite, cutinite,
sporinite and rare alginite in the Q seam, indicates peat originated from higher plants
in low groundwater level condition. Some liptodetrinite and fusinite indicates high

oxidation of plant material before deposition.

o)

Peat forming swamp

R ; Underburden
] = > A Y. B d

v/

Low groundwater level

"\ Huai King formation

Figure 5.17 Depositional environment of coal Q seam.

The top of Q seam is sharp and records a flooding surface created by rapid
flooding of the coal forming swamps that brought lacustrine conditions across the
basin. Most noticeable is the interburden, fine grained sediments that resulted from a
major flooding accompanied by occurring plant and animal communities. The
interburden contains gastropods (Viviparus sp.), indicated freshwater environment

(Songtham et al., 2005; Ugai et al., 2006).
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Floodplain

Interburden

o Q

™ Underburden

Huai King formation

Figure 5.18 Depositional environment of interburden.

Termination of the Q seam, swamp enables sediments to be fed into the
lacustrine. Another characteristic pause in the raise of relative water level enabled
re-establishment of widespread swamps, and the peat of K seam growth. Conditions

returned more or less those that prevailed during the growth of the Q seam peats.

The highest percentage of huminite dominated by texto-ulminite, sporinite
cutinite and some alginite in the K seam indicates peat originated from higher plants
in low groundwater level condition. Some liptodetrinite and fusinite indicates high
oxidation of plant material before deposition. Abundant gastropod (Planobris sp,
Viviparus sp.) indicated freshwater environment (Songtham et al., 2005; Ugai et al,,
2006). Moreover, the diatomite and volcanic ashes association can be inferred

volcanic eruption occurred during the deposition.

Low ground water

level Peat forming swamp

- Interburden
\ Q

S Underburden
Huai King formation

Figure 5.19 Depositional environment of coal K seam.
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Another flood, probably the most widespread, end of the K seam peats and
distributed thick fine grained sediments of overburden (base of member I). However,
the peat formation was occurring to a close as a new tectonic regime began to
influence deposition. The change from the one regime to the other was gradual, its
influence not becoming apparent until once again sedimentation exceeded the rate
of subsidence or raise in water level and the swamps that generated the J seam

coal.

The dominant of gelinite, sporinite and alginite, without texto-ulminite
suggests lack of higher plants under high groundwater level condition. Abundant
gastropod (Melanoides sp.) indicated poor water quality (Songtham et al., 2005; Ugai
et al,, 2006). Diatomite and volcanic ashes association can be inferred volcanic

eruption occurred during the deposition.

Floodplain

Overburden

S ] “Underburden

Huai King formation

Figure 5.20 Depositional environment of overburden.
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High ground water

level Peat forming swamp

Interburden

S
Huai King formation

' Underburden

Figure 5.21 Depositional environment of coal J seam.

The change from the one environment to the other are recorded in the
sequence of top J, a transitional zone from essentially reducing to oxidizing
condition. The abundant of gypsum is also indicative of the transformation. These
depositional changes are expressions of the end of the old tectonic regime and the
beginning of the new that resulted in the shaping of the basin as it today (Sompong
et al., 1996).

Phase lll: Depositional environment of Huai Luang formation.

The new tectonic regime results in the deposition of the Huai Luang
formation (Red bed). Deposition kept up with subsidence. The fluctuating lacustrine
level was suitable for peat swamps to be generated | seam coal. Most of gelinite and
rich alginite, without texto-ulminite suggests lack of higher plants under high
groundwater level condition. Abundant gastropod (Margaya sp.) indicated brackish
water (Songtham et al., 2005; Ugai et al., 2006). Pyrite and gypsum are abundant in |
seam. Isotope of pyrite (**s -13.6 to - 7.8%) and gypsum *'s +16.4 to 20.0%.) from

the red bed zone indicated marine incursion (Silaratana et al., 2004; Tankaya, 2001).

Lacustrine conditions were largely replaced by streams. However, overall

there was no major tectonism. The bulk of this formation is fine to coarse grained.
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Structuring of the basin was succeeded by a period uplift and consequent erosion.
The uplift was part of a late Neogene regional movement that raised northern

Thailand (Bunopas, 1981).

Floodplain

Huai Luang formation

Overburden

Interburden

Underburden

Huai King formation

Figure 5.22 Depositional environment of red bed.

High ground water

level Peat forming marsh

Huai Luang formation
Overburden

Interburden
Underburden

Huai King formation

Figure 5.23 Depositional environment of coal | seam.
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Chapter 6

6. Conclusion

The Mae Moh basin is one of the important intermontane basins located in
northern Thailand. The basin is well known for its largest coal deposit in the country.
3 boreholes in the central part of Mae Moh basin have been investigated for
lithostratigraphy study, and 35 coal samples were collected for petrographic and
geochemistry analyses. The resulting can be used to determine for coalification rank

and depositional paleo environment.

Composite stratigraphy has been made by 3 boreholes correlation and
pervious stratigraphy has been used to interpret the sedimentary sequence. The
Lampang group and unconformably underlie the Quaternary terrigenous sediments.
The Mae Moh sediments are grouped into 3 major sequences. The lower sequence
belongs to the Huai King formation with fining upward sequences (claystone to
gravel), indicates sediment deposition in the braided system of the fluviatile
environment. The middle sequence is the Na Khaem formation which is
characterized by fine grained sediment with thick to thin coal seams from bottom to
top as S-, R-, Q-, K and J seam. The Na Khaem formation has been formed by the
sedimentation under the alternation of lacustrine and swamp. The upper sequence is
Huai Luang formation mainly the fine to coarse grained red sediments (claystone to
sandstone) with thin coal as | seam interbedded, indicated fluviatile depositional

environment.

Detailed petrographic investigation have been focused on polished sections
of coal samples in main coal seams as J-, K-, Q seam of the Na Khaem formation,
and minor coal seam as | seam in Huai Luang formation, in the central part of Mae
Moh basin, reveal that studied coals consist largely of macerals >70% with small

amount of inorganic materials <30%. Huminite maceral group is the highest
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percentage followed by liptinite and inertinite. Huminite group (43 to 68%, avg. 56%)
is characterized by gelinite, densinite, and some texto-ulminite. Liptinite group (5 to
30%, avg. 17%) is composed of liptodetrinite, sporinite, cutinite, alginite, amorphinite
and exsudatinite. Inertinite group (4 to 15%, aveg. 10%) is fusinite, semifusinite and
funginite in sclerotinite type. The inorganic materials (8 to 30%, avg. 17%) is
characterized by diatomite, clay mineral, pyrites dominantly in form of framboidal,

silicates as quartz and some volcanic ash in place.

The results from macerals and mineral matters along with appearance
characteristic of sediments are used to interpret depositional environment. The
depositional environments of this study area always changed from bottom to tops

depend on their accumulated in different condition.

The fine grained claystone, mudstone indicated that the sediments were

transported from low energy of flooding current.
Coal deposit alternations of lacustrine to forest swamp environments.

In the lacustrine environments, the major macerals are dominated by
huminite group mainly of highly disintegrade types such as gellinite and densinite.

Liptinites are dominated by liptodetrinite, alginite, and exsudatinite.

In the forest swamp environments are characterized by the presence of
dissolved texto-ulminite, sporinite, cutinite and macerals in the inertinites consist of
fusinite and funginite in form of sclerotinite. Moreover, the diatom association could
imply that there was a volcanic eruption during the depositional period that

contributed high silica volcanic ash and pyrite to the basin.

Mae Moh coals were plotted in the Diessel's diagram (Diessel, 1986) with TPI
(Tissue Preservation Index) and Gl (Gelification Index) base on maceral assemblage.
The studied samples are characterized by low TPI values (0.11 to 0.52) and moderate

to high Gl values (3.67 to 13.50). These study coals have originated under limnic
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condition (lacustrine) of peat formation with vegetation characteristics of marsh and

wet forest swamp type.

Proximate and ultimate analyses along with calorific value analyses have
been used for classifying in coalification rank and quality of coal. The result shows
that the weight% on as received basis of fixed carbon is between 16.70 and 26.25%,
volatiles matter is between 25.01 and 30.66%, ash is between 13.47 and 25.29%,
moisture is between 28.98 and 33.00%, and the weight% on dry basis of carbon
content is between 63.61 and 72.60%, oxygen content is between 14.27 and 23.45%,
hydrogen content is between 5.01 and 5.18%, sulphur content is between 3.76 and
6.04%, nitrogen content is between 1.77 and 2.53%, and gross calorific values on as
received basis is almost constant varying from 2,188 to 3,908 Kcal/kg. According to
the ASTM (D388) classification, the percentages of the fixed carbon and volatiles
matter on dry, mineral-matter-free basis along with calorific values on moist, mineral-
matter-free basis are 41-50%, 50-59% and 6,828-10,207 Btu/lb, respectively. The
results lead to classify the Mae Moh coal rank as lignite A to subbituminous B. The
Mae Moh coal seams in the study area are classified as the low quality and low rank

with high ash and sulphur contents.

The relation of petrographic study and geochemical analysis of study coals in

central part of Mae Moh basin are shown in the figure 6.1.
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Figure 6.1 The relation of petrographic study, geochemical analysis and depositional

paleo environment.
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Appendix A

Geochemical results
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Table 1A Proximate analysis (as receive basis) of Borehole no. MMC-1.
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Table 2A Proximate analysis (as receive basis) of Borehole no. MMC-2.
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Table 3A Proximate analysis (as receive basis) of Borehole no. MMC-3.
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Table 4A Ultimate analysis (dry basis) of Borehole no. MMC-1.
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Table 5A Ultimate analysis (dry basis) of Borehole no. MMC-2.
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Table 6A Ultimate analysis (dry basis) of Borehole no. MMC-3.
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Table 7A Calorific Value analysis (as receive basis) of Borehole no. MMC-1.

P69 bco. 2495¢ 206¢€ PO-ZT-TOWW aTs 08°96¢ 99062
1£8s €lv9 bece 965¢ CO-TT-TDWW 981 59'06¢ 08'88¢
8889 Trs9 1l¢ee pese Z0-0T-TDWW 99°'9 08'88¢ q1°¢8¢
9999 91¢9 8rl¢ 6059¢ TO-6 1DWW GL9 S1°¢8¢ 0r'9le
G109 9219 Glee JA¥A EA-8-TOWW 048 Y AATA S6°¢be
089 S98v9 6£CE €09¢ OFLTOWW o1’ S6'¢ve 59°9¢¢C
19¢9 10/ bese 168€ TH-9-TOWW 0’9 0¢'9¢¢ 00°0eC N
6019 G915 6£8¢ ¢0ce 9-S-TOWW SLT S¢'1461 05°6v1
98¢k Sv6v 18¢¢ 8blc Sr-p-TDOWW 0Ty 0c'6¢1 07T'5¢1
Z10b G99b 6¢¢C 265¢ Pr-C-TOWW 0L0 06'6C1 0c6ct
(A2 4457 §80¢ Obbe er-¢-TOWW 040 06'9CT 0¢'9¢1
VN VAN I-T-TJOWW
(-quma) Cayma) (Bs1/1e03) (B31/1e03) (s1z18W) (=18W) (1919W)
SNeA JJUoeD 19N SNeA Do) 55615 € 0159890 W1SY 2 01599890 WL1SY ‘p1 o)dwes _ _ P! 310H
ssswjuiyl | ol ydeqg | wol4 yideg
anep JyUoED 18N aNeA DULIORD) SSOID)




170

Table 8A Calorific Value analysis (as receive basis) of Borehole no. MMC-2.
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Table 9A Calorific Value analysis (as receive basis) of Borehole no. MMC-3.
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Table 10A Coalification rank analysis of Borehole no. MMC-1.
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Table 11A Coalification rank analysis of Borehole no. MMC-2.
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Table 12A Coalification rank analysis of Borehole no. MMC-3.
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Appendix B

Classification of coal

Table1B ASTM classification of coals by rank (after ASTM D388, 2005).

Fixed carbon Volatile Calorific value limits (Btu/lb/

Class/Group limits matter limits MJ/kg) Agglomerating
(%)(dry (%) (dry (Moist* mineral matter free) character
mineral mineral
matter matter

Free basis)
=or < = =or =or> <
> <
Anthracite
Meta-anthracite 98 - - 2 - - Nonagglomerating
Anthracite 92 98 2 8 - -
Semianthracite 86 92 8 14 E -
Bituminous
Low volatile 78 86 14 14 - - Commonly
Medium valatile 69 78 22 22 - - agglomerating (there

High volatile A - 69 31 31 14000**/32.6 - may be

High volatile B - - £ = 1300**/30.2 14000/32.6 nonagglomerating

High Valatile ¢ - - - = 11500/26.7 13000/30.2 varieties with notable

10500/24.4 11500/26.7 excentions in the high

Subbituminous
Subbituminous A - - - - 10500/24.4 11500/26.7 Nonagglomerating
Subbituminous B - - - - 9500/22.1 10500/24.4
Subbituminous C - - - - 8300/19.3 9500/22.1

Lignite

Lignite A - - - - 6300/14.7 8300/19.3

Lignite B - - - - - 6300/14.7

*Moist refers to coal containing its natural inherent moisture but not including visible water of the
surface of the coal.

**Coals having 69% or more fixed carbon on the dry mineral matter free basis shall be classified

according to the fixed carbon, regardless of colorific value.
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Table2B The different stages of coalification according to the German (DIN) and North American
(ASTM) classifications and their distinction on the basis of different physical and chemical rank

parameters. The last column shows the applicability of various rank parameters to the different

coalification stage.

Rank Refl. | Vol. M. | Carbon Bed |Cal.Value | Applicability of Different
Rmgi | d.a.f. [ d.af | Moisture [ Blu/Ib Rank Parameters
German USA % o Viite (kcal/kg)
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Coals are classified according to their fixed carbon and volatile matter
contents calculated to a “dry” and “mineral matter free” basis, or according to their
Btu/lb calculated to a “moist” and “mineral matter free” basis. Moist refers to the
coal’s inherent moisture (or equivalent). Mineral matter is calculated from the coal’s

ash and sulfur contents.

Dry, Mineral Matter Free Basis FC = FC-0.155 X 100

100 — (M+1.08A+0.55S)

Dry, Mineral Matter Free Basis VM = 100 - Dry, Mineral Matter Free
FC

Moist, Mineral Matter Free Basis BTU = BTU - 50S X 100

100 - (1.08A+ 0.555)

M = percentage of Inherent Moisture

VM = percentage of Volatile Matter calculated to the inherent moisture
basis;

FC = percentage of Fixed Carbon calculated to the inherent moisture
basis;

S = percentage of Sulfur calculated to the inherent moisture basis;

A = percentage of Ash calculated to the inherent moisture basis; and

BTU = BTU per pound calculated to the inherent moisture basis.

Inherent moisture basis data

= (As Received basis data) x (1- (Inherent moisture — As Received moisture)/

(100- As Received moisture)
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