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Abstract

The Bapung coalfield in the East Jaintia Hills of Meghalaya belongs to the Shella Formation of Jaintia Group
and is of Eocene age. Thinly bedded seams of about 1 m thick are vastly exposed in the Bapung area. The
present study includes petrographic and geochemical characterization of these coals. This study reveals that
the Bapung coals are sub-bituminous ‘A’ to high volatice bituminous C’ in rank. These coals are perhydrous
in nature with moderately high volatile matter content. The sulphur content is high in these coals having
pyrite as the most abundant mineral. Vitrinite is the dominant maceral group constituting nearly 76.5-82.6%
of the entire group macerals, while inertinite occurs in subordinate amount and liptinite concentration is
insignificant. Facies-critical models used to decipher the paleodepositional environment suggest that anoxic
moor condition dominantly prevailed in the paleomire and there was association of peat with brackish water
condition which allowed the sulphate reducing bacteria to thrive.
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INTRODUCTION by Mishra (1992); Mishra and Ghosh (1996); Singh
and Singh (2000 & 2001); Singh et al. (2012c, 2013a).

The coal resources of India occur in two main Present study focusses on coals of Bapung coalfield
stratigraphic horizons - the Gondwana coals of Permian (Fig. 1) which is a minor but important coalfield of
age and the Tertiary coal resources of Paleogene. Jaintia Hills, Meghalaya. The coal seams occur in the

Gondwana coals account for over 99% of India’s Shells Formation of Eocene age and belong to Jaintia
output while the Tertiary coal contributes the rest. The Group. The objective of the present study is to provide
Tertiary coal deposits in the northeastern region of comprehensive information of the composition and
India mainly occur in the States of Assam, Arunachal evolution of Bapung coals from Jaintia Hills of
Pradesh, Meghalaya and Nagaland. The coal-bearing Meghalaya using coal petrography and geochemistry.
sequences of Meghalaya are deposited over a platform

basin having a stable self-conditions especially along Geological Setting

the peripheral margins of the Shillong Plateau. Raja

Rao (1981) reported three groups of coalfields in The coal sequences in the Tertiary Assam-
Meghalaya located in the Garo Hills, Khasi Hills and Arakan tectono-sedimentary basin occur in two distinct
Jaintia Hills. geotectonic provinces: (i) the coal deposits of Garo and

It was Medlicott (1868) who first reported the Khasi Hills of Meghalaya and Karbi Anglong of
occurrence of coal in Meghalaya and the subsequent Assam deposited over the stable platform areas
researches were carried out by Bose (1904), Evans peripheral to the shield; (ii) the deposits of Upper
(1932), Fox (1934), Gosh (1940 & 1964), Goswami Assam, Nagaland and Eastern Arunachal Pradesh
and Das (1965), Chakraborty and Bhattacharyya formed in the peri-cratonic down wraps in a Schuppen
(1969), Raja Rao (1981), Ahmed and Bharati (1985), zone. Thus, the coal bearing sequences of Jaintia Hills
Goswamy (1985), Singh (1989), Chandra and Behera of Meghalaya evolved over platform areas under stable
(1992), Ahmed and Rahim (1996), and Rajarathnam et self-conditions. In Meghalaya the sediments associated
al. (1996). Recently, the coalfields of northeastern with coal measures range in age from Upper
India have been petrologically studied by several Cretaceous to Eocene exhibiting lateral and vertical
workers and significant contributions have been made variation in lithofacies. Sedimentation began during the
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Upper Cretaceous time when marine transgression took
place in the area towards north and inundated the
southern block of the Shillong plateau. Though the
sedimentation continued throughout the Tertiary period
but the sedimentation during the Cretaceous period had
a restricted areal extent. The eastern sector is
characterized by thick lava flows during Sylhet Trap
volcanism of Jurassic period.  After cessesion of
volcanic activity there was accumulation of thick pile
of sediments which progressively decreased towards
the Garo hills. It is believed that the sea inundated the
present day Jaintia Hills during Eocene period.
Probably the Jaintia hills in the east remained a
landmass till early Eocene and experienced down
sinking during the deposition of the coal-bearing
sandstones of Eocene age. Medlicott (1869) was first to
provide the stratigraphy of Meghalaya and introduced
the names Mahadek, Langpar, Cherra bands and
Nummulitic  series  within  Cretaceous-Eocene
sediments exposed along the South Shillong Plateau.
Subsequently, Evans (1932) provided a comprehensive
stratigraphy of the Assam-Arakan Basin and
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established stratigraphic framework of South Shillong
Plateau along with Naga Hills, Barail Range and Surma
Valley. While working on the geology of the western
part of Garo Hills, Fox (in Heron, 1937) discussed its
stratigraphic relationship with the strata exposed in the
eastern part of the Shillong Plateau and Ghosh (1940)
established the stratigraphic relationship of the lower
Tertiary sediments in the Cherrapunji area. The Sylhet
Stage of Evans (1932) was subdivided by Wilson and
Metre (1953) who introduced several substages with
local names. Mathur and Evans (1964), however, felt
that ‘Series’, ‘Stages’ and‘ Substages’ appear to be
equivalent to ‘Group’, ‘Formation’ and ‘Member’
respectively and therefore proposed another scheme of
classification for both the shelf and the geosynclinal
part of the Assam-Arakan basin. Chandra et al. (1959)
and Chakraborty et al. (1974) mapped the South
Shillong Plateau for Oil and Natural Gas Corporation
(ONGC). The generalized stratigraphic succession of
Meghalaya with subdivision and lithology (after
Deshpande et al., 1993) are given in Table 1.

Table 1: Stratigraphic Sequence of Meghalaya (after Deshpande et al., 1993)

Garo Hills Khasi and Jaintia Hills
Age Group Formation | Member Formation Member
Recent Alluvium
Pliocene to | Dihing Group Dihing Formation
Pleistocene Dupitila Group Dupitila Formation Dupitila Formation
Tipam Group Tipam Formation
Miocene to Bokabil Formation Upper Bhuban
Pliocene Surma Group Undifferentiated Formation Middle Bhuban Formation
Lower Bhuban Formation
Renji Formation
Oligocene Barali Group Undifferentiated Jenam Formation
Laisong Formation
Kopili Formation Kopili Formation
Sylhet Formation Prang Limestone
Nurpuh Limestone
Umlatdoh
Limestone
Sylhet Lungshnong
Eocene Jaintia Group Formation Limestone
Tura Formation Lakadong
Limestone
Lakadong
Sandstone
Therria Upper Sandstone
Formation Lower Sandstone
Palaeocene Khasi Group Langpar Formation
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Cretaceous

Upper  Jurassic
to Lower
Cretaceous

Precambrian Metamorphic Basement

Sylhet Trap

Mahadek Formation

Mahadek Formation

Sylhet Trap

Structure and Tectonics

The Shillong Plateau has a horst type
structure which got uplifted during the Lower
Cretaceous period. Its tectonic evolution is
closely related to the outpouring of lava flows
(Sylhet Trap) during Upper Jurassic-Lower
Cretaceous period. The deposition of coal
bearing sequences began in the southern
periphery of the plateau during the Palaeocene
period under the stable shelf conditions. The coal
sequences are sub-horizontal in attitude but
further south, near Bangladesh border; the beds
are thrown into a major monoclonal flexture,
with major dislocation known as Dawki Fault.
From Haflong, it runs westwards, towards the
boundary of the Surma Valley near Dawki and it
is a continuation of the Disang thrust. Evans and
Mathur (1964) consider this fault as a tear fault.
The movement along this fault is nearly 250 km
which separates Sylhet Trap from the Rajmahal
Trap of Bihar. Chakraborty (1972) believes that
it is a system of up thrust with a differential
vertical movement of the basement rocks. The
thrust has an east-west trend with northward
steep dip which brings gneisses structurally over
the Tura sediments. The northern boundary of
the Shillong plateau has a thick cover of
Brahmaputra alluvium while the eastern margin
is characterized by N-S trending graben (Kopili
Lineament) which separates it from Karbi
Anglong Plateau, and its western boundary is
marked by the Bengal Basin separating it from
the Chotanagpur Plateau of Bihar.

Materials & Methods

Channel coal samples were collected
from all the working/exposed coal seams from
Bapung area (Fig. 2). The samples of coal
collected were air dried to remove the free
moisture. After drying, the required amount of
the sample was taken from each sample by
coning and quartering method. The portion
selected was crushed and passed through 72
mesh (211 micron) sieve for proximate analysis.
Polished blocks were prepared from the channel
samples selecting hand lumps of coal. In order to
prepare polish blocks to study the coal under
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reflected light, two alternate faces (vertical and
horizontal) are selected. The faces were then
ground by increasing fine grades of carborundum
powder up to 600-grade on a revolving disc in
wet condition. The blocks were then polished on
a plane glass using alumina suspension. The
block was washed with water to remove
impurities. The washed surfaces were polished
by using energy papers from 004-001 grades.
Final polishing was made in a sylvet cloth fitted
on a revolving disc. The maceral analysis was
carried out on polished blocks under reflected
light with oil-immersion lens using a Leitz
Microscope. Coal petrography was carriesd out
as per ICCP recommendations (1971, 1975, 1998
& 2001). The procedure recommended by
Bureau of Indian Standard (BIS 2003, 1974 &
1975) was followed for proximate and ultimate
analyses. The vitrinite reflectance measurements
were carried out in the KDMI institute, Dehradun
using Leitz MPV-2 microscope under oil
immersion lens.

RESULTS AND DISCUSSION
Megascopic Characteristics

The Bapung coal is dark grey to black
in colour. The coal is hard and compact, but
some portion of the seam is soft and friable. The
coals break with cubical fracture, but the hard
ones break with sub-conchoidal to conchoidal
fracture. The coal depicts a dull to glossy lustre
and at places thin pyrite bands are also observed.
When exposed to sun, most of the coal
disintegrates and crumbles into small chips,
indicating a high percent of volatile matter in
them.

Chemical Attributes

The proximate and ultimate analyses
data are summarized in Tables 2 and 3
respectively. The Bapung coals are chemically
characterized by a low ash yield (1.1% to 4.2%),
low moisture (1.5% to 2.1%) and high volatile
matter (40.02% to 45.25%). The ultimate
analysis shows that these coals have carbon
contents ranging from 74.30% to 79.65% while




hydrogen content is moderately high with more
than 5wt% in all the samples. The sulphur
content is also high and ranges from 3.58% to
5.03%. H/C and O/C atomic ratios have been
calculated. The H/C varies frpm 0.84 and 0.94
(mean 0.90) while O/C ranges from 0.07 to 0.13
(mean 0.10). Generally marine influenced coals
are rich in sulphur, hydrogen and nitrogen
contents and also have a characteristically high
volatile matter than other coals (Teichmiiller,
1962). This generalization was further
substantiated by Price and Shieh (1979) and
Chou (1990) who confirmed that this increased
proportion of sulfur (usually>1%) comes from
seawater. Under such a situation, the hydrogen
and nitrogen are retained in the humic materials
and finally appear as perhydrous vitrinite (Taylor
et al., 1998). This condition could also have been
with Bapung coals which have relatively high
sulphur and volatile matter contents (Fig. 3) and
shows perhydrous nature. Bapung coal in the
Van Krevelen diagram (Fig.4) indicates that the
coal was derived essentially from continental
plants, whose microbial degradation in the basin
of deposition was limited due to high
sedimentation and rapid burial.
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Fig. 1: Location and geological map of
Babuna coalfield
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Petrographic Composition

The maceral composition of Bapung coals is
summarized in Table 4. The representative
macerals microphotographs in studied samples
are illustrated in Figure 5. The Bapung coals of
Meghalaya, in general, are poor in liptinite and
inertinite while vitrinite is the most abundant
maceral. The vitrinite content ranges from
76.50% to 82.62% (mmf basis). It is dominated
by telovitrinite which is mainly represented by
collotelinite. It is light grey in colour and shows
low to moderate reflectance and occurs as
groundmass and coal bands. Liptinite ranges
from 1.25% to 3.25% (mmf basis) and it is
represented mainly by sporinite and resinite.
Sporinite occurs as thread like bodies within
vitrinite and it has a low reflectivity than
vitrinite. Resinites occur as rounded to oval
shaped bodies, in these coals, mostly as
inclusions in vitrinite and are almost opaque in
reflected light. It includes the plant resin and wax
occurring as rodlets in vitrinitic groundmass.
Inertinite also occurs in low amounts (8.6% to
18.0%, mmf basis) and it is mainly represented
by fusinite, semifusinite, macrinite,
inertodetrinite  and  funginite.  Fusinite is
characterized by the presence of well-preserved
cell structure and higher reflectance. In some
cases, cell structure is crushed producing ‘Bogen
structure’. Semifusinite is characterized by cell
structures less preserved than fusinite and higher
reflectivity than the vitrinite. Macrinite occurs as
fine particulate matter in the form of lenses. It
shows white colour and high reflectance.
Inertodetrinite is seen with the cracks and

cavities. Funginite occurs as single and multi-
chambered body having circular to oval shapes.
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It represents fungal remains and has variable
size, and is characterized by high reflectance.
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s Table 2: Results of proximate analysis of Bapung
N coal in air dried basis (in weight per cent)

< e | Sample . Volatile | Fixed
H i S No. Moisture | ASh | matter | carbon
2 AT G o 1 1.8 15 | 4215 | 5455
g - R ‘ 2 2.0 1.6 | 40.25 56.15
5 7 3 19 28 |4120 |5410
£ 7 . 4 2.0 16 | 42.30 54.10
5 1.7 2.7 44.70 50.90

6 1.8 2.4 44.25 51.55

" 7 1.6 1.5 43.70 53.20

. — S o , 8 18 2.4 |4010 [55.70

o ”* * ” “ 9 15 2.2 42.75 53.55

. Carbou, wt. ¥ (daf) 10 17 42 | 4410 50.00
Fig. 3: Simplified Seylers chart with the ‘bright coal 11 50 54 | 4005 55 35
band’ indicated by dashed lines. The sulphl_lr _rich 7 1'9 3' 7 42'35 52'35
Bapungcoals of Meghalaya are at the upper limit of 13 1'6 1'1 44'20 53'10
the bright coalband and also in the area of per-hydrous o 1'5 1.6 42'23 54'67
coals. 15 1.7 15 | 40.02 56.78
16 15 1.7 40.02 56.78

Mineral matter ranges from 3.1% to 6.3% and is 17 1.7 22 | 4232 |53.78
represented mainly by pyrite. It occurs as 18 16 21 | 4202 54.28
disseminated grains and specks within vitrinite ;g ;I g? ig'gg igég
and as framboidal pyrite bodies. These framboids n 1-8 2'5 43'07 52.63
occur as single or clustered bodies or in the 2 1-6 3'7 44'25 50'45
cavities. Argillaceous minerals and carbonates 23 1:9 3:1 42:02 52:98
are next in abundance (Table 4). 24 15 32 | 4287 5243
Average 1.7 24 | 4250 53.39

Maximum | 2.1 4.2 | 45.25 56.78

ST — — Minimum | 1.5 1.1 [40.02 | 49.95

Atomic ratio H/C
o
L

Atomic ratio O/C
Fig. 4: Position of Bapung coal, Meghalaya in Van
Krevelen diagram of H/C versus O/C atomic ratios
(after Van Krevelen, 1961)

Reflectance and Thermal Maturation

The thermal maturity of organic
matter is related to its chemical changes. A
number of parameters are available to assess
the maturity like volatile matter, vitrinite
reflectance and Tmax but in the present
investigation, vitrinite reflectance was used to
know the thermal maturity of Bapung coals.
The vitrinite random reflectance (Rr) ranges
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from 0.57% to 0.67% (avg. 0.62%). The details
of reflectance measurements are summarized in
Table 4. As per 1SO-11760 (2005), Bapung
coals are ‘medium rank C’/ ‘bituminous C’ in
rank.

Evolution of Bapung Coal

Teichmuller (1962) believed that the
coals formed under marine conditions are
generally rich in sulphur, hydrogen and
nitrogen contents and are also characterized by
relatively high volatile matter. This fact has
also been substantiated by Price and Shieh
(1979) and Chou (1990) who demonstrated that
increasing sulfur proportion (usually> 19%) of
such coals comes from sea water. Taylor et al.
(1998) have shown that hydrogen and nitrogen
are retained in the humic materials and are
reflected consequently as perhydrous vitrinite.
Similar conditions were also recorded in the
nearby coal seams of Nagaland (Singh et al.,
2012) and could also be applicable with coals
which have relatively high sulphur content and
volatile matter as in Bapung coals. Bapung coal



in the Van Krevelen diagram (Fig. 4) indicates
that the coal was derived mainly from
continental plants, whose microbial
degradation in the basin of deposition was
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controlled by sedimentation and rapid burial.
However, the marine influence cannot be ruled
out as few plots also show some deviation from
pure continental route (Fig.4).

Table 3: Elemental composition of coal in dry mineral matter free basis

Fig. 5: Representative macerals microphotographs

observed in Bapung coal samples

o
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Carbon Hydrogen Nitrogen Total Oxygen

Sample No. (wt. %) (m¥t. %£)J (Wt. oz) sulphur (m%lg%) e
1 77.06 5.83 2.66 411 10.34 0.08 0.14
2 74.30 5.32 2.82 4.25 13.31 0.07 0.19
3 79.15 5.69 2.95 4.45 7.76 0.07 0.11
8 78.32 6.15 1.76 4.40 9.37 0.08 0.14
9 76.58 5.37 2.20 3.58 12.27 0.07 0.17
10 78.13 6.11 1.92 5.02 8.82 0.08 0.13
11 79.65 5.95 1.39 4.69 8.32 0.07 0.12
12 76.63 5.90 2.23 4,71 10.53 0.08 0.15
13 76.85 5.74 2.80 4.38 10.23 0.07 0.14
17 74.68 5.86 1.99 4.20 13.27 0.08 0.19
18 75.74 5.81 2.67 4.27 11.51 0.08 0.16
19 78.47 5.81 2.84 3.37 9.51 0.07 0.13
24 76.39 5.77 2.35 4.97 10.52 0.08 0.15
Average 77.07 5.79 2.35 4.31 10.48 0.08 0.15
Maximum 79.65 6.15 2.95 5.03 13.31 0.08 0.19
Minimum 74.30 5.32 1.39 3.58 7.76 0.07 0.11
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Fig. 6: Coal facies deciphered from
gelification index (GI) and the tissue
preservation index (TPIl) in relation to
depositional setting and type of mire for
Bapung coal (after Diessel, 1986 and modified
by Kalkreuth et al., 199) [Li = limited influx;
O marsh = open marsh; Vit = vitrinite; Inert
inertinite; Semifus = semifusinite; Fus
fusinite; Idet = inertodetrinite; Struct
structured; Deg = degraded

Fig. 7: Ternary diagram illustrating facies-
critical maceral association in Bapung coal,
Meghalaya and suggested peat environments
(modified from Mukhopadhyay, 1986)



Petrographic Characterization and evolution Coal from Bapung coalfield, Meghalaya, North-East India

A-Teloviirinite + gelovitrinite + sporinite +
cutinite + resinite + suberinite
B - Fusinite + semifissinite + macrinites as
groundmass + secrefinite + funginite
C - Clastic mineral matter + detrovitrinite +
inertodetrinite  liptodetrinite + discrete
macrinite + alginite
D - Wet moor having moderate flooding with
‘moderate to good tissue preservation
E - Oxtic (dry) moor with increased tissue.
preservation

F - Wet moor with high flooding and low o
moderate tissue preservation

50

Teichmiiller (1982) believed that ‘coal facies'
depend on the paleoenvironmental conditions
under which the precursor peats accumulate.
Thus, plants are sensitive and react to the
changes in the environmental conditions and
therefore, petrographic study provides a precise
tool for the facies study (Teichmiller and
Teichmuller, 1982). Moreover,  several
researchers have related the petrographic
components of coal with the paleoecological
setting (Cohen and Spackman. 1972; Cohen et
al., 1987; Grady et. al., 1993; Singh and Singh,
1996; Hawke et al., 1999; Shearer and Clarkson.
1998; Styan and Bustin. 1983; Singh et al., 2003,
2010a &b, 2012 a, b & ¢, 2013a &b, 2014, 2016,
20173, b, ¢ &d; Naik et al., 2016; Rajak et al.,

Fig. 8: Depositional condition of Bapung coal,
Meghalaya based on maceral and mineral matter
content (modified from Singh et al., 2012a)

2018 (in press)). For this purpose, different
maceral indices have been wused. Initially
gelification index (GI) and tissue preservation
index (TPI) were introduced by Diessel (1986) to
characterize the depositional environments of
Australian Gondwana coals. However, some
scientists raised critical comments against the
usage of such indices especially for Tertiary
coals and lignites (Lamberson et al., 1991;
Crosdale. 1993; Dehmer. 1995; Scott. 2002;
Moore and Shearer. 2003; Amijaya and Littke.
2005). Modifications were subsequently made in
the indices by some researchers to make it
applicable for other coals (Calder et al., 1991).
Kalkreuth et al. (1991) and Petersen (1993)
further modified these indices and used them for
low rank coals. For Bapung coals of Meghalaya,
the modified

Table 4: Maceral composition with mineral matter content (in Vol %), random vitrinite reflectance, gelification
index (GI) and tissue preservation index (TPI) of Bapung coal samples

sample No. CC1 CC2 CC3 CC4 CC5 CC6 CC7 CC8 CC9
(Vol %) [(Vol %) |(Vol %) |(Vol %) |(Vol %) (Vol %) |(Vol %) |(Vol %) (Vol %)
Telinite 0.0 0.1 0.3 0.7 0.5 0.0 0.4 0.3 0.8
Collotelinite 78.2 76.2 77.5 75.2 76.0 81.5 73.5 80.2 79.5
Gelinite 1.1 0.1 1.1 0.0 0.5 0.0 2.1 0.0 0.0
Corpogelinite 0.1 1.8 0.7 0.5 1.6 <1 0.2 0.1 1.3
Collodetrinite 2.3 <1 0.5 0.2 0.1 1.7 0.1 2.1 <1
Vitrodetrinite <1 1.1 <1 0.7 0.2 0.6 0.2 0.5 0.2
Total Vitrinite 81.7 78.2 80.1 77.3 78.5 82.6 76.5 82.2 81.8
Sporinite 2.23 1.12 1.94 1.07 0.68 1.46 1.88 1.4 0.75
Resinite 1.02 0.4 1.01 0.2 0.6 0.7 0.1 0.3 0.5
Cutinite 0.0 <1 0.0 0.0 <1 <1 0.0 0.0 <1
Total Liptinite 3.25 1.52 2.95 1.27 1.28 2.16 1.98 1.70 1.25
Fusinite 1.1 1.2 1.0 0.9 0.2 0.1 0.8 3.0 0.3
Semifusinite 1.0 0.4 1.1 0.4 1.5 0.8 2.0 1.0 1.0
Macrinite 6.2 12.8 9.2 16.5 14.5 10.2 15.0 9.0 12.1
Inertodetrinite 0.2 0.2 0.1 0.1 0.0 0.0 0.1 0.0 0.2
Sclerotinite 0.1 0.2 0.0 0.1 0.3 0.0 0.1 0.0 0.1
Total Inertinite 8.6 14.7 11.4 18.0 16.4 11.1 18.0 13.0 13.7
Mineral Matter 6.3 5.5 5.6 3.3 U.2 4.0 3.4 3.2 3.1
%VRr 0.66 0.62 0.58 0.67 0.59 0.61 0.65 0.63 0.57
TPI 12.54 5.98 8.55 4.61 5.36 8.07 4.93 9.35 6.57
Gl 9.5 5.3 7.0 4.2 4.8 7.4 4.2 6.3 5.9
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indices calculated

formulae:

were using following

GI = Vitrinite/Inertinite

TPl = (Telinite + collotelinite + Fusinite +
Semifusinite)/(Collodetrinite  + macrinite +
inertodetrinite)

Bapung coals are characterized by
moderate Gl and TPl values. A moderate Gl
indicates a continuous presence of water cover in
the basin during Bapung coal formation. The
facies model shows that these coals evolved
mainly from wet forest (Fig. 6). Presence of high
telovitrinite content in these coals also reveals
this fact because this maceral subgroup is
derived from partially gelified woody tissue and
indicates wood producing plants as well as
biochemical  gelification.  Marchioni  and
Kalkreuth  (1991) relate the biochemical
gelification to high moisture condition. Further,
Diessel (1982) believe that brighter components
of coal are formed under wet conditions. The
present study is also in agreement with the earlier
work (Mishra and Ghosh, 1996; Singh et al.,
2012c, 2013a) who demonstrated that the coals
of NE India evolved under wet forest swamps in
marshy environments. Mishra (1992) has
revealed through palynological records that
during Palaeocene and Oligocene periods there
was growth of green forest vegetation under
humid tropical conditions in India. Lack of forest
fire could have been the reason for low inertinite
content in these coals. To understand the peat
forming environment, a petrography based
ternary model given by Mukhopadhyay (1986,
Fig. 7) was taken into account. The samples of
Bapung coals are located close to ‘A’ corner of
the plot which is dominated by telovitrinite
(telinite and collotelinite) and terrestrial liptinite
indicating forest swamp having more anoxic
environment with good tissue preservation. This
is further confirmed in a recent model proposed
by Singh et al. (2012a) which is based on
maceral composition and clastic mineral matter
content. The amount of clastic minerals directly
relates to the water cover in the basin and the
plots of Bapung coal indicate that this coal
evolved under wet moor condition having
moderate flooding with moderate to good tissue
preservation (Fig.8). This is also in agreement
with the GI and TPl values (Diessel, 1986;
Kalkreuth et al., 1991; Petersen, 1993).
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Moreover, Bapung coals are enriched in
sulphur (3.58-5.03%; mean 4.31 wt %) and
elevated pyrite content is commonly seen under
microscope indicating the association of peat
with brackish water condition. This type of
association has been reported by several workers
(Bustin and Lowe, 1987; Casagrande, 1987).
Dasgupta and Biswas (2000) reported the
prevalence of hallow brackish water condition
during the formation of Barail Formation. This
has been further substantiated by the studies on
modem peats formed under marine influence
(Querol et al., 1989; Phillips et al., 1994).

CONCLUSION

Petrographic and geochemical
investigations were conducted on the samples of
Bapung coals from Meghalaya. The results
reveal that these coals are ‘medium rank
C’/*bituminous C’ in rank. They are dominantly
rich in vitrinite (76.5% to 82.6% on mmf basis)
with  low contents of liptinite and
suboderdinate/moderate inertinite. Moderate Gl
and TPI values are indicative of a wet forest
origin for these coals. The petrography based
ternary facies model further supports this
contention and infer the formation of Bapung
coal formation under high water cover in the
paleomire with good tissue preservation.
Moreover, association of peat with marine
sediments appeat yo have elevated sulfur content
in these coals.

Acknowledgement

Author is thankful to the Head, Department of
Geological Sciences, Guwahati University for
laboratory analyses. The author is also grateful to
Mr. K.N Mishra, G.M (GRG) KDM Institute of
petroleum exploration ONGC, Dehradun for
reflectance study.

References

Ahmed, M. and Bharati, D. (1985) Petrographic
characters of Jertiary coals, Nagwalbibra,West
Dranggiri Coalfield, Meghalaya. Proc. Vth
Geophytol. Conf. Lucknow, pp.242-245.

Ahmed, M. and Rahim, A. (1996) Abundance of
Sulphur in Eocene coal beds from NortheastIndia.
Int. J. Coal Geol., v.30, pp.315-318.

Amijaya H. and Littke R. (2005) Microfacies and
depositional environment of TertiaryTanjung
Enim low rank coal. South Sumatra basin,



Petrographic Characterization and evolution Coal from Bapung coalfield, Meghalaya, North-East India

Indonesia. International Journal of CoalGeology,
v.61, pp.197-221.

Bose, P.N. (1904) Report on the Um Rileng Coal beds,
Geol. Surv. India. India, Rec 31 (1),pp.1-52.

BIS (1974) Methods of Test for Coal and Coke, Pt-1V,
Ultimate Analysis, Sec.2, Determination of
Carbon and Hydrogen (1% revision of 1S:1360
(Part-1\V/Set 1), Bureau of Indian Standard, New
Delhi, pp.1-26.

BIS (1975) Methods of Test for Coal and Coke, Pt-1V,
Ultimate Analysis, Sec.2, Determination of
Nitrogen (1% revision of 1S:1350) Bureau of
Indian Standard, New Delhi, pp.1-13.

Bustin R.M. and Lowe L.E. (1987) Sulphur low
temperature ash and minor elements inhumid-
temperate peat of the Fraser River Delta, British
Columbia. Journal of the GeologicalSociety,
v.144. pp.435-450.

BIS (2003) Methods of test for coal and coke (2™
revision of 1S:1350), Part-1, Proximate analysis.
Bureau of Indian Standard, New Delhi, pp.1-29.

Chakraborty, S.N. and Bhattacharyya, V. (1969)
Report on Geology and coal resources ofcentral
part of the Mawlong-Shella coalfield, United
Khasi and Jaintia Hills, Meghalaya.Geol. Surv.
India unpublished report.

Chandra, D. and Behera, P. (1992) Abnormalities in
the Chemical properties of Tertiarycoals of
Meghalaya, India. Mine. tech, v.13, pp.18-22.

Calder J.H., Gibbing M.R. and Mukhopadhay P.K.
(1991) Peat formation in a Westphalian
Bpiedmont setting, Cumberland Basin, Nova
Scotia: Implication  for  the  maceral-
bascdinterpretation of rheotrophic & raised
paleomires. Bulletin de la SocietcGeologique
deFrance, v.162, pp.283-298.

Casagrande, D.J. (1987) Sulphur in peat and coal. In:
Scott A.C. (Ed.). Coal and Coal- Bearing Strata:
Recent Advances. Geological Society Special
Publication 32. Blackwell,Oxford. UK, pp.87-
105.

Chakraborty, A. (1972) The Dauki lineament along the
southern part of Meghalaya Plateau.GSI
MiscPubl, pp. 31.

Chakraborty, A., Mitra, P., Chakraborty, D. K. and
Ramdev, C. M. (1974) Geology ofTertiary
Sedimentary Belts of Garo and Khasi Hills,
O.N.G.C. Report (unpublished).

Chandra, P. K. and Basu, D. N. (1959) Progress report
of the work done in portion of Garoand Khasi
Hills, O.N.G.C. Report (unpublished).

Chou C.L. (1990) Geochemishy of sulphur in coal.
ACS  Symposium  Scries  Number 429,

82

Geochemistry of Sulphur in Fossil Fuels, pp.30-
52.

Cohen, A.D. and Spackman, W. M. (1972) Methods in
peat petrology and their  applicationto
reconstruction of paleoenvironments. Geological
Society of America Bulletin, v. 83, pp.129-142.

Cohen, A.D., Spackman, W. and Raymond, R. (1987)
Interpreting the characteristics of coalseams from
chemical, physical and petrographic studies of
peat deposits. In: Scott A.C. (Ed.),

Coal and Coal-bearing Strata: Recent Advances. The
Geological Society Special Publication32,
Blackwell, Oxford. UK, pp.107-126.

Crosdalc, P.J. (1993) Coal maceral ratios as indicators
of environment of deposition: do theywork for
ombrogcnous mires? An example from the
Miocene of New Zealand. OrganicGeochemistry,
v. 20. pp.797-809.

Dasgupta, A.B. and Biswas, A.K. (2000) Geology of
Assam. Geological Society of India, pp.1-167.

Dehmer, J. (1995) Petrological and organic
gcochemical investigation of recent peats
withknown  environments  of  deposition.

International Journal of Coal Geology, v. 28,
pp.111-138.

Deshpande, S.V., Goel, S.M., Bhandari, A., Barua,
R.M., Deshpande, J.S., Kumar, A., RanaK.S,,
Chitrao, A.M., Giridhar, M., Chaudhuri, D., Kale,
A.S. and Phor, L. (1993)Lithostratigraphy of
Indian petroliferous basins, Assam-Arakan basin:
KDMIPE, Oil andNatural Gas Corporation, Ltd.
(ONGC), Dehradun, India, v. I-11, document X.

Diessel, C.F.K. (1982) An appraisal of coal facies
based on maceral characterization. Amt.Coal
Geol., v. 4(2): pp.474- 483.

Diessel, C.F.K. (1986) On the correlation between
coal facies and depositional
environments.Proceeding 20th Symposium of
Department Geology. University of New Castle.
New SouthWales, pp.19-22.

Evans, P. (1932) Explanatory notes to accompany a
tabic showing the Tertiary succcssion inAssam.
Trans. Miner. Geol. Met. Inst. Ind. v. 27, pp.168-
248.

Evans, P. and Mathur, L.P. (1964) Oil in India. Int.
Geol. Congr., 22rid Sess., New Delhi, pp.80-96.

Fox, C.S. (1934) Garo Hills Coalfields. Assam. Rec.
Geol. Surv. India, v. 71 (Pt.1), pp. 35.

Ghosh, A.M.N. (1940) Stratigraphical position of the
Cherm sandstone. Assam. Rcc. Geol.Surv. India,
V.75, pp.1-19.

Ghosh, T.K. (1964) On Tertiary coal from Daranggiri.
Assam. Q. J. Geol. Soc. India, v.36, pp.91-94.



Goswami, A.C. and Das, M.K. (1965) Detailed
mapping of the Cherrapunji plateau. UnitedKhasi
and Jaintia Hills district. Assam. Geol. Surv.
India, unpublished report.

Goswamy, D.N.D. (1985) Maccrals and low
temperature tat of the Tertiary coals of
Assam.Meghalaya, and Nagaland, Gcosci. J.,
v.6(1), pp.95-102.

Grady, W.C., Eible, C.F. and Neuzil, S.G. (1993)
Brown coal maceral distributions in amodem
domed tropical Indonesian peat and a comparison
with maccral distributions inMiddle
Pennsylvanian-age Appalachian bituminous coal
beds. Geological Society ofAmerica, Special
Paper, v.286. pp.63-82.

Hawke, M.1.. Martini, I.P. and Stasiuk, L.D. (1999) A
comparison of temperate and borealpeats from
Ontario. Canada: possible modem analogues for
Permian coals. InternationalJournal oj Coal
Geology, v.41, pp.213-238.

Heron, A.M. (1937) Annual report of Geol. Surv.
India for the year 1936. Rec. Geol Surv.India,
v.72 (1), pp.75-78.

International Committee for Coal Petrology (ICCP)
(1971, 1975) International handbook of coal
petrography (ed.), Suppl. To 2™ Ed. Centre
National de Recherche Scientifique, Paris.

Indian Standard Institute (1974) Indian Standard
Methods of Test for coal and coke, Part-1V.

Indian Standard Institute (1981) Indian Standard
Methods of Test for coal and coke, Part-I.

International Committee for Coal Petrology (ICCP)
(1998) The new inertinite classification (ICCP
System 1994), Fuel v.77, pp.349-358.

International Committee for Coal Petrology (ICCP)
(2001) The new inertinite classification (ICCP
System 1994), Fuel v.80, pp.459-471

ISO-11760  (2005)  Classification
International Standard, pp.1-9.

of Coals,

Kalkreuth, W., Kotis, T., Papanicolaou, C. and
Kokkinakis, P. (1991) The geology and
coalpetrology of a Miocene lignite profile at
Meliadi Mine, Katerini, Greece.
InternationalJournal of Coal Geology, v.17,
pp.51-67.

Lamberson, M.N., Bustin, R.M. and Kalkreuth, W.
(1991) Lithotype (maceral) compositionand
variation as correlated with paleo-wetland
environment, Gates Formation,
NortheasternBritish Columbia, Canada.
International Journal of Coal Geology, v.18,
pp.87-124.

Medlicott, H.B. (1868) Coals in Garo Hills. Geol.
Surv. India, Rec. 1 (Ptl), pp.1-22.

83

Manabendra Nath, Sujata Sen

Mishra, B.K. (1992) Optical properties of some
Tertiary coals from northeastern India:
theirdepositional environment and hydrocarbon
potential. Int. J. Coal Geol., v.20, pp.115-144.

Mishra, H.K., Ghosh, R.K. (1996) Geology, petrology
and utilisation potential of someTertiary coals of
northeastern region of India. Int. J. Coal Geol.,
v.30, pp.65-100.

Marchioni, D. and Kalkreuth, W. (1991) Coal facies
interpretations based on lithotype andmaceral
variations in  Lower Cretaceous (Gates
Formation) coals of Western
Canada.International Journal of Coal Geology,
v.18, pp.125—162.

Mathur, L. P. and Evans, P. (1964) Oil in India, 22 Int.
Geol. Cong., New Delhi, specialbrochure, p. 86.

Moore, T.A. and Shearer, J.C. (2003) Peat/coal type
and depositional environment-aretheyrelated?
International Journal of Coal Geology, V.56,
pp.233-252.

Mukhopadhyay, P.K. (1986) Petrography of selected
Wilcox and Jockson Group lignitesfrom Tertiary
of Texas. In: Finkelman R.B. and Casagrade D.J.
(Eds.), Geology of GulfCoast Lignites. 1986
Annu. Meet. Geological Society of America,
Coal Geology DivisionField Trip, pp.126-145.

Naik, A. S., Singh, M. P., Volkmann, N., Singh, P. K.,
Mohanty, D. and Kumar, D. (2016) Petrographic
Characteristics and Paleomires of Mand-Raigarh
Coals, Mahanadi GondwanaBasin, Chhattisgarh,
India. International Journal of Coal Science &
Technology, v.3(2), pp.65-183.

Peterson, H.l. (1993) Petrographic facies analysis of
Lower and Middle Jurassic coal seamson the
island of Bornholm, Denmark. International
Journal of Coat Geology, v.22, pp.189-216.

Phillips, S., Bustin, R.M. and Lowe, L.E. (1994)
Earthquake induced flooding of a tropicalcoastal
peat swamp: a modem analogue for high sulfur
coals? Geology, v.22, pp.929-932.

Price, F.T. and Shieh, Y.T. (1979) The Distribution
and lIsotopic Composition of Sy”phur inCoals
from the Illinois Basin. Economic Geology, v.74,
pp.1445—1461.

Querol, X., Chinenon, S. and Lopez-Soler, A. (1989)
Iron sulphide precipitation sequence inAlbian
coals from the Maestrazgo basin, southeastern
Iberian Range, northeastern Spain.International
Journal of Coal Geology, v.11, pp.171-189.

Raja Rao, C.S. (1981) Coalfields of India, coalfields
of northeastern India. Geol. Surv. India,Bull. Ser.
A, v.45 (1), pp.75.

Rajak, P. K., Singh, V.K., Singh, P.K., Singh, M. P.
and Singh, A. K. (2018) Environment



Petrographic Characterization and evolution Coal from Bapung coalfield, Meghalaya, North-East India

ofPaleomire of lignite seams of Bikaner-Nagaur
Basin, Rajasthan (W. India):
Petrologicalimplications. Int Jour. Oil, Gas and
Coal Technology (in press).

Rijarathnam, S., Chandra, D., Handique, G.K. (1996)
An overview of chemical properties ofmarine
influenced Oligocene coal from the northeastern
part of the Assam-Arakan Basin,India. Int. J.
Coal Geol., v.29, pp.337-361.

Scott, A.C. (2002) Coal petrology and the origin of
coal macerals: A way ahead?International Journal
of Coal Geology, v.50, pp.119—134.

Shearer J.C. and Clarkson B.R. (1998) Whanaamarino
wetland: effects of lowered riverlevels on peat
and vegetation. International Peat Journal, v.8,
pp.52—65.

Singh, M.P. (1989) On the origin of fusain in the
Tertiary coals of Meghalaya. J. Geol. Soc.India,
v.33, pp.99-103.

Singh, M.P. and Singh, P.K. (1996) Petrographic
characterization and evolution of thePermian coal
deposits of the Rajmahal basin, Bihar, India’,
International Journal of CoalGeology, vol. 29,
Nos. 1/3, pp.93-118.

Singh, M.P. and Singh, A.K. (2000) Petrographic
characteristic and depositional conditionsof
Eocene coals of plateform basins, Meghalaya,
India, International Journal of CoalGeology, v.
42, 315-356.

Singh, M.P. and Singh, A.K. (2001) Source rock
characteristics and maturation ofPalacogenecoals,
Northeast, India, Journal of the Geological
Society of India, v.57, pp.353-368.

Singh, M.P., Singh, P.K. and Singh, A.K. (2003)
Petrography and Depositional environmentsof the
Permian Coal Deposits of Deoghar Basins, Bihar.
J. Geol. Soc. India, v.61(4), pp.419-438.

Singh, P. K., Singh, M. P. and Singh, A. K. (2010a)
Petro-chemical characterization andevolution of
Vastan Lignite, Gujarat, India. International
Journal of Coal Geology. V.82 (1-2), pp.1-16.

Singh, P. K., Singh, M. P., Singh, A. K. and Mukesh
Arora, (2010b) Petrographiccharacteristics of
coal from the Lati Formation, Tarakan basin, East
Kalimantan, Indonesia.International Journal of
Coal Geology, v.81, pp.109-116.

Singh, P.K., Singh, M.P. Singh, A. K., Naik, A. S,
Singh, Vikas K., Singh, Vijay K. andRajak, P. K.
(2012a) Petrological and geochemical
investigations of Rajpardi lignite deposit,Gujarat,
india. Energy, Exploration and Exploitation, v.30
(1), pp.131-152.

Singh, P. K., Singh, M.P., Prachiti, P. K., Kalpana, M.
S., Manikyamba, C., Lakshminarayana, G., Singh

84

AK. and Naik, A.S. (2012b) Petrographic
characteristics andcarbon isotopic composition of

Permian coal: Implications on depositional
environment ofSattupalli coalfield, Godavari
Valley, India. International Journal of Coal

Geology, v.90-91, pp.34-42.

Singh, P. K., Singh, M.P., Singh A. K. and Naik. A.S.
(2012c) Petrographic and
geochemicalcharacterization of coals from Tiru
valley, Nagaland, NE India. Energy, Exploration
andExploitation, v.30 (2), pp.171-192.

Singh, A. K., Singh, M. P. and Singh P. K. (2013a)
Petrological investigations of Oligocenecoals
from foreland basin of northeast India, Energy,
Exploration and Exploitation, v.31 (6), pp.909-
936.

Singh, P. K., Singh, G.P., Singh, M. P. and Naik, A.S.
(2013b) Petrology of coals fromRampur Seam-I1V
and Lajkura seam, Ib River coalfield, Mahanadi
Valley, Orissa, India.Energy Sources Part A:
Recovery, Utilization, and Environmental
Effects, Taylor & Francis,v.35, pp.1681-1690.

Singh, P. K. Singh, M. P., Volkmann, N., Naik, A.S.,
Borner K. (2014) PetrologicalCharacteristics of
Lower Gondwana Coal from Singrauli Coalfield,
Madhya Pradesh, India.International Journal of
Qil, Gas and Coal Technology, v.I8 (2), pp.194-
220.

Singh, P.K., Rajak, P. K., Singh, M .P., Singh, V.K,,
Naik, A. S. and Singh, A.K. (2016)Peat swamps
at Giral lignite field of Barmer basin, Rajasthan,
Western India:  Understandingthe  Evolution
through Petrological Modelling International
Journal of Coal Science &Technology, v.3(2),
pp.148-164.

Singh, P.K., Singh, V.K., Singh, M. P. and Rajak, P.
K. (2017a) Petrographic characteristicsand
Paleoenvironmental history of Eocene lignites of
Cambay basin, Western India.International
Journal of Coal Science & Technology, v.4 (3),
pp.214-233.

Singh, P.K., Singh, V. K., Singh, M. P. and Rajak, P.
K. (2017b) Understanding thepaleomires of

Eocene lignites of Kachchh basin, Gujarat
(Western India): Petrologicalimplications.
International Journal of Coal Science &

Technology, v.4 (2), pp.80-101.

Singh, P.K., Singh, V. K., Singh, M. P. and Rajak, P.
K. (2017c) Paleomires of Eocenelignites of
Bhavnagar, Saurashtra Basin (Gujarat), Western
India: Petrographic implicationsJournal of the
Geological Society of India, v.90, pp.9-19.

Singh, V. P., Singh, B.D., Mathews, R.P., Singh, A,,
Mendhe, V.A., Singh, P.K., Mishra, S.,Dutta, S.,
Mahesh Shivanna, M. and Singh, M.P. (2017d)
Investigation on the lignite depositsof Surkha



mine (Saurashtra Basin, Gujarat), western India:
their  depositional  history  andhydrocarbon
generation potential. Int Jour Coal Geology,
v.183, pp.78-99.

Styan, W.B. and Bustin, R.M. (1983) Petrography of
some Fraser Delta peat deposits: coalmaceral and
microlithotype precursors in temperate-climate
peats. International Journal ofCoal Geology, v.2,
pp.321-370.

Taylor, G.H., Teichmiiller, M., Davis, A., Diessel,
C.F.K., Littke, R. and Robert, P. (1998) Organic
Petrology.  Gebriider  Borntraeger, Berlin,
Germany, Elsevier, p.704p.

Teichmiller, M. (1962) Die Genese der Kohle-C.R.
4th Congress on InternationalStratigraphy and
Geology of Carboniferous, Heerlen 1958,
Maastricht, v.3, pp.699-722.

Received: 16" December, 2021

Revised Accepted 12 June, 2022

85

Manabendra Nath, Sujata Sen

Teichmiiller, M. (1982) Origin of the petrographic
constituents of coals. In: Stach E,
Stach’sTextbook of Coal Petrology, Gebr.
Borntraeger, Berlin-Stuttgart, pp.219-294.

Teichmiiller, M. and Teichmiiller, R. (1982) The
geological basis of coal formation. In:Stach E.,
Stach’s Textbook of Coal Petrology, Gebr.
Bomtraeger, Berlin- Stuttgart, pp.5-86.

Krevelen, D.W. (1961) Coal:
chemistry-physics-constitution.
Amsterdam, pp.514.

Wilson, G. R. and Metre, W. B. (1953) Assam and
Arakan, In Science of Petroleum, v.6(1), pp.119-
123.

Van Typology-

ElsevierScience,



