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ABSTRACT. Tanjung Formation is one of the major coal-bearing deposit in the Barito Basin,
Central Kalimantan. The distribution of total sulfur and ash yield in coal is closely related
to the depositional environment. This study was to determine the total sulfur and ash
yield and the interpretation of the dynamics of depositional process. Coal seam A and B
generally have low to medium ash yield 2.82 to 9.23 (wt.%, db) and low total sulfur content
of <1 (wt.%, db), except for the 6PLY1 coal sample which has total sulfur content that
relatively high at 1.55 (wt.%, db). Coal samples 5PLY1A, 5PLY1B, 5PLY3, 5PLY5, 6PLY2,
6PLY4, 6PLY5, 6PLY7, and 6PLY9 which have low to medium ash yield and low total
sulfur content <1% (wt.%, db) are formed in the topogeneous mire (freshwater swamp) in
a fluvial environment. The total sulfur content was interpreted to be derived mainly from
the parent plant materials. Meanwhile, the 6PLY1 coal sample which has an ash yield of
5.83 (wt.%, db) and total sulfur content of 1.55 (wt.%, db) formed in topogeneous mire in
an environment that is invaded by sea water, and the total sulfur content were interpreted
coming from the parent plant materials and the effect of seawater invasion which is rich
in sulfate (SO4) compounds. It is also supported by the occurrence of syngenetic mineral

content (framboidal pyrite) and epigenetic pyrite of 1.23 (vol.%).
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1 INTRODUCTION

Coal is a sedimentary rock that is combustible,
which is formed as a result of the lithification
process of plant residues deposited in swamp
environments and forming peat (Suarez-Ruiz
and Crelling, 2008). Kalimantan is one of the
islands in Indonesia which is known as the
main producer of coal resources. The Barito
Basin is one of the main coal-bearing deposits
basins which is generally spread in the eastern
part of Kalimantan Island (Friederich and van
Leeuwen, 2017). In general, coal in the Basin in
Kalimantan is divided into two namely Paleo-
gene and Neogen Coal (Friederich et al., 2016;
Friederich and van Leeuwen, 2017).
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Eocene bituminous coal is spread in the sedi-
mentary basin in the southeastern part of Kali-
mantan Island (especially Barito Basin and Up-
per Kutai sub-basin), and some in the western
part of Kalimantan Island. Eocene bituminous
coal typically has low to the moderate ash yield
of lesser or equal to 10% in the Upper Kutai
Sub-Basin and reaches more than 15% in the
southeastern part of Borneo, as well as with
varying sulfur content (Friederich et al., 2016;
Friederich and van Leeuwen, 2017). Mean-
while, Neogen coal generally has low ash and
sulfur content. Characteristically, Neogen coal
is formed in an ombrogenous peat mires. High—
low volatile bituminous coal of Tanjung For-
mation in Lemo, Central Kalimantan Province
has low ash and total sulfur content (Amrullah,
2009).

Mire is a wetland where the peat accumu-
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lated. It covers all the places where peat is
formed, including swamp, bog, fen, moor,
muskeg, and peatland (Taylor et al., 1998).
Mire can be divided into topogenous mire
(marsh, fen, swamps) and ombrogenous mire
(raised bog). The formation of peat in topo-
geneous mire is predominantly influenced by
high groundwater levels, while ombrogenous
mire (raised bog) is more affected by high rain-
fall so that the groundwater table is below the
peat surface or peat-forming surface (Diessel,
1992; Taylor et al., 1998). In interpreting peat
paleodepositional environments, distribution
of ash yield and the composition of mineral
matters in coal are important parameters.

The distribution and variation of sulfur con-
tent are closely related to the coal deposition
environment (Diessel, 1992; Taylor et al., 1998;
Chou, 2012). Sulfur contained in coal can be
derived from the parent plant material and sul-
fate (5O4) compounds in seawater at the time of
flooding of the peat swamp. Coal with a sulfur
content less than 1% is classified as low-sulfur
coal, while, coal which has a sulfur content of
1% to <3% is classified as medium-sulfur coal,
and coal which has a sulfur content of more
than 3% classified as high-sulfur coal (Chou,
2012). The abundance of sulfur content in coal
is strongly influenced by invasion or seawater
flooding during the process of peat accumula-
tion and after precipitation (Diessel, 1992; Tay-
lor et al., 1998; Chou, 2012).

Ash is an inorganic material or non-
combustible residue material after the pro-
cess of heating or burning coal (Miller, 2005;
Thomas, 2002; Speight, 2005; Riddell and Han,
2017). Ash yield is composed by various vari-
ations of minerals contained in coal. Minerals
matter contained in coal can be in form of de-
trital minerals, plant-derived minerals, and
authigenic minerals (McCabe, 1984). The ash
yield in coal generally varies from 5% to 40%
(Oni and Ehinola, 2017). The distribution and
variation of ash yield in coal are greatly affected
by the depositional environment in which the
coal is formed. This is closely related to the
fluctuations in the surface of the water in the
mire. The topogenous peat has high nutri-
ent and inorganic materials (mineratrophic).
Meanwhile, ombrogenous peat has a very low
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nutrient supply and inorganic matters (Diessel,
1992; Taylor et al., 1998; McCabe, 1984).

This study aims to analyze the ash and total
sulfur content in the Tanjung Formation coal in
Sekako, Central Kalimantan to interpreted the
dynamics of the peat depositional process.

2 REGIONAL SETTING

Barito Basin is located in southeastern part of
Kalimantan Island (Satyana et al., 2001). The
basin is bordered by Meratus Mountain in the
eastern part, and western part is bordered by
Schwaner Core. Adang Fault separated Bar-
ito Basin from Kutai Basin in the northen part,
and the basin extended to the Java Sea in the
Southern part (Satyana et al., 2001). The Bar-
ito Basin was developed in Late Cretaceous
to Palo/Eocene that facilitated by the collision
of Schwaner Core micro-continent and Peter-
noster micro-continent (Satyana et al., 1999 in
Satyana et al., 2001). At the beginning of the
Tertiary, extensional deformation occurs as a re-
sult of oblique convergence which then causes
rifting and subsidence. This rifting and subsi-
dence process resulted in the formation of horst
and graben with northwest-southeast pattern
(Satyana and Silitonga, 1994). The rifting pro-
cess is an accommodation space for the sedi-
mentation of lacustrine and alluvial fans from
the lower Tanjung Formation originating from
the horst area. As a result of the transgres-
sion process that took place in the early Middle
Eocene, the rift sediment was changed to flu-
viodeltaic and marine and was followed by de-
position marine shales of the middle and upper
Tanjung Formation. The deposition of carbona-
ceous material was continued until the early
Miocene and ended when there was the addi-
tion of clastic sediments from the west (Satyana,
1996 in Darman and Sidi, 2000).

Synrift sequence in this basin is composed
of Late Paleocene-Middle Eocene sediments
namely Lower Tanjung Formation. This for-
mation is composed of sediments of sandstone,
siltstone, shales, and conglomerates, with a thin
layer of coal. The lower part of this formation
is composed of conglomerates and redbeds de-
posits as part of the fan sediments. The upper
part of this sequence is composed of alluvial
to lacustrine facies. This sediment character-
izes as a major part of the rifting phase, which
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develops as a result of syndepositional fault-
ing (Figure 1). The regional subsidence after
the rifting phase in the basin during the Mid-
dle Eocene — Early to Middle Miocene, during
this time the sediment materials deposition
occurred from the upper of the lower part of
Tanjung Formation, Upper Tanjung Formation,
and Berai Formation, as the sediments from the
transgressive phase. The change in sediment
characteristics is very clear in the synrift and
postrift sequences. Based on well drilling data,
the lower part facies and its thickness changes
is local which indicates rift-infill, and the up-
per sequences of the sediments are a regional
occurrence which indicated that they are more
influenced by the irregularity horst and graben
terrain (Satyana and Silitonga, 1994).

3 METHODOLOGY

3.1 Sample

Coal samples were taken from the coal seam
A and B of Tanjung Formation at the PT.
Suprabari Mapanindo Mineral (PT. SMM) in
Sekako area, North Barito Regency, Central
Kalimantan Province (Figure 2). Coal seams
that used are coal seam A and coal seam B, and
coal samples used for laboratory analysis were
10 samples.

3.2 Method

Coal samples were taken using channel sam-
pling method and taken ply by ply. Plies were
determined based on their lithotype (see Fig-
ure 3). Analysis of ash and total sulfur content
was carried out at PT. Sucofindo in Surabaya.
Ash yield analysis refered to ASTM D 3174 and
total sulfur content analysis was conducting ac-
cording to ASTM D 4239. Analysis of min-
eral matter content was carried out using re-
flected microscope at the Optical Geology Lab-
oratory, Universitas Gadjah Mada, Yogyakarta.
The analysis was conducted according to ASTM
D 2799 based on 550 point counting.

4 RESULTS AND DISCUSSION

4.1 Coallithotype, distribution of ash and to-
tal sulfur content

The characteristics of coal seam A and B are

presented in Figure 3 and Table 1. Coal seam

A has a thickness of approximately 1.5 m and

it is predominantly composed of bright coals
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Table 1: Total sulfur and ash yield of coal seam
A dan B of Tanjung Formation in Sekako area.

No Coal Ash (wt.% Total
Samples db) Sulfur
(wt.% db)
1 | 5PLY1A 4 0.3
2 | 5PLY1B 341 0.39
3 | 5PLY3 8.98 0.38
4 | 5PLY5 9.23 0.3
5 | 6PLY1 5.83 1.55
6 | 6PLY2 2.82 0.89
7 | 6PLY4 3.43 0.77
8 | 6PLY5 4.75 0.59
9 | 6PLY7 4.34 0.47
10 | 6PLY9 4.05 0.53

Note: weight percentage (wt.%), dry
basis (db)

lithotypes with claystone layers as the inorganic
partings. The coal has an ash yield of 3.41 - 9.23
(wt.%, db) and the total sulfur content of 0.30 -
0.38 (wt.%, db). Two samples of coal seam 5.1
have more than 5 (wt.%, db) ash yield found
in 5PLY3 and 5PLY5 coal samples (Table 1 and
Figure 3). Meanwhile, Coal seam 6 has a thick-
ness of approximately 3 m, and it is predom-
inantly composed by bright coals and banded
bright coals. There are also claystones layers as
inorganic parting. The coal has an ash yield of
2.82 - 5.83 (wt.%, db) and total sulfur of 0.47 -
1.55 (wt.%, db).

4.2 The interpretation of paleodepositional
environmental

Modern dome peat in the tropical forest gener-
ally has very low ash yield (<1%) and low sul-
fur content (Esterle et al., 1989; Cameron et al.,
1989; Calder et al., 1991). Peat formed on to-
pogeneous peat or planar peat generally has a
thinner thickness and has more inorganic split
or inorganic parting compared to peat formed
on the ombrogeneous peat (Cohen and Stack,
1996).

Coal which has a low sulfur content (<1%) are
generally assumed to have sulfur content which
comes from the parent plant material. Mean-
while, coal which has medium sulfur content (1
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Figure 1: The stratigraphic of the Barito Basin that showing the formation, paleofacies, and the
tectonic episode (Satyana dan Silitonga, 1994).
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Figure 2: a. Physiography of Kalimantan Island and the study area location showed on the red
rectangle, and b. Study area location map that showed by red rectangle (modification from Witts et

al., 2012 and administrative map is from bnpb.go.id).
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Total Sulfur Ash
- - . H 0, i . .
Seam | Srike/Dip Sample Thickness Lithotype (wt%, dry Basis) | (wt%, dry Basis) Description
05 1 15 2 25 5 75 10
Claystone, grey - Greyess black color, with clay grain size, laminasion structure.
#6/Roof
©0 40 cm Sandstone, greyes yellow - yellow color, with fine to moderate sand grain size, bedding structure.
#6/PLY1 Bright coal, Black color, vitreous lustre, brittle, black streack, with rectangular fracture
#6/PLY?2 banded bright coal, black color, bright lustre, brittle, black streack, rectangular fracture,
with thin layer of dull coal, black color, matt lustre, brittle and black streak
m M #6/PLY3 Claystone, grey - greyes brown and with clay grain size.
=
£ w #6/PLY4 Bright coal, Black color, vitreous lustre, brittle, black streack, with rectangular fracture
% % banded bright coal, black color, bright lustre, brittle, black streack, rectangular fracture,
(/2] = #6/PLY5 with thin layer of dull coal, black color, matt lustre, brittle and black streak
#6/PLY6 Claystone, grey - greyes brown and with clay grain size.
#6/PLY7 Bright coal, Black color, vitreous lustre, brittle, black streack, with rectangular fracture
#6/PLY8 Claystone, grey - Greyess black color, with clay grain size.
#6/PLY9 Bright coal, Black color, vitreous lustre, brittle, black streack, with rectangular fracture
#6/Floor Claystone, grey - greyes brown, clay grain size and with bedding structure.
#5/Roof Claystone, grey brown, clay grain size and with bedding structure.
#5/PLY1 Bright coal, Black color, vitreous lustre, brittle, black streack, with rectangular fracture
Te]
M m Claystone, grey - Greyess black color, with clay grain size and with bedding structure.
© ~ Mw\\w_m«w H_ Bright coal, Black color, vitreous lustre, brittle, black streack, with rectangular fracture
% M #5/PLY4 Claystone, grey - greyes black color, clay grain size and with bedding structure.
#5/PLY5 Bright coal, Black color, vitreous lustre, brittle, black streack, with rectangular fracture
#5/Floor Claystone, grey - greyes brown, clay grain size and with bedding structure.
Legend :
Claystone
Sandstone
Bright Coal
Banded Bright Coal

Figure 3: The vertical section and the distribution of total sulfur and ash yield of coal seam A and B in Sekako area (modification from Isnadiyati

et al., 2018).
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to <3%) and high sulfur content equal or more
than 3%, the sulfur content comes from the par-
ent plant material and comes from the influ-
ence of seawater invasion which is rich in com-
pound content sulfate (SO4). In various cases,
coal with low sulfur content (<1%) is generally
formed in fluvial environments and coal which
has a high sulfur content formed in the envi-
ronment is affected by the presence of seawater
invasion (Chou, 2012).

Widodo et al. (2010) studied the coal of Pu-
lau Balang Formation in Sebulu and Central Bu-
sang in the Kutai Basin have high ash and sulfur
content, and also high pyrite mineral content.
Pyrite minerals are generally syngenetic and
epigenetic pyrite and interpreted to be formed
in the topogeneous mire. Meanwhile, the Em-
balut coal from the Balikpapan Formation has
lower sulfur content of <1% and very low pyrite
minerals interpreted to be formed in the ombro-
geneous mire.

Based on the coal lithotype characteristics,
the coal seam A and B of Tanjung Formation
in Sekako is interpreted to form in the telmatic
wet forest paleomire swamp (Isnadiyati et al.,
2018). Coal seam A has low to moderate ash
yield 3.41-9.23 (wt.%, db) and low total sul-
fur content <1%. This coal seam is interpreted
to be formed in the topogenous mire (miner-
atrophic) which has a high water table and is
rich in nutrient or inorganic material content.
The high water level makes the peat always
flooded, and facilitates detrital mineral sedi-
ment material transported into the mire where
coal is formed by water or wind. Inorganic ma-
terial or mineral matter contained in coal not
only comes from detrital minerals but can also
be formed from plant-derived minerals and au-
thigenic minerals (McCabe, 1984).

However, even though coal seam A is de-
posited and formed on topogenous mire which
is always inundated, the coal has a low total sul-
fur content of <1% (wt.%, db). This shows that
coal seam A is formed and deposited on fresh-
water peat swamp and there is no invasion or
flooding of seawater. The sulfur content con-
tained in coal can be interpreted from an or-
ganic material or the parent plant material or
sulfur containing mineral authigenetically.

Coal seam B of Tanjung Formation in Sekako
area has moderate — high ash yield, which
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ranges from 2.82 to 5.83 (wt.%, db). Meanwhile,
the coal has a total sulfur content of generally
<1 (wt.%, db), except for the coal sample 6PLY1
which has medium sulfur total content (mod-
erate) which is 1.55 (wt.%, db). The coal is in-
terpreted to be formed in topogenous material
which is rich in nutrient content and inorganic
materials. The mire always flooded with high
water levels so that detrital minerals or min-
eral matter enters the mire which is facilitated
by wind or water media.

To the upward position (6PLY9, 6PLY7, PLY5,
6PLY4, and 6PLY2), it is interpreted that they
were formed in the topogenous mire which is in
the freshwater telmatic wet forest swamp. This
may cause moderate to high ash yield of coal.
The coal is probably formed without invasion
or seawater flooding so it has a low total sulfur
content of <1% (wt.%, db). The low sulfur con-
tent is interpreted to be formed from the parent
plant material. Low sulfur content is probably
also an indication that the coal was formed in
the fluvial associated subenvironment. During
the last deposition phase of the banded bright
coals (6PLY2) level increased which cause the
mire was invaded or flooded by sea water. At
the same time, the peat precursor of bright coal
lithotype (6PLY1) was formed. The 6PLY1 coal
sample has relatively high ash and total sulfur
content compared to other samples (5.83 wt.%,
db and 1.55 wt.%, db).

The high total sulfur content in the 6PLY1
coal sample is interpreted to be formed both
from the parent plant material and influence of
sea water which is rich in sulfate compounds.
This is also supported by the results of mineral
matter analysis which shows that bright coal
(6PLY1) has a pyrite content of 1.23 (vol.%) and
consists of syngenetic minerals and epigenetic
pyrite (Figure 4). The syngenetic pyrite mineral
is also a sign of the invasion or flooding of sea-
water during its formation. Syngenetic pyrite
is formed because of biochemical processes by
anaerobic microorganisms or bacteria against
sulfate compounds (SO4). This will produces
H)S compounds which then react with iron
(Fe?*) from detrital mineral to form framboidal
pyrite (FeS;) (Ward, 2002). The framboidal
pyrite mineral is generally polycrystalline in
form and has a spherical shape.

After that, there was a decline in sea level
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Figure 4: a-b. Syngenetic pyrite (S-pyrite) or framboidal pyrite and epigenetic pyrite (E-pyrite) in 6PLY1 coal sample, and c-d. epigenetic pyrite
(E-pyrite) in 6PLY2 and 6PLY7 coal samples.
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which caused change in the depositional envi-
ronment to be more shallow. It is also char-
acterized by the deposition of fine — medium
sandstones (Figure 3 and Figure 5) above bright
banded coal lithotypes (6PLY1). Furthermore,
Isnadiyati et al., (2018) interpreted that one of
the coal seam A in this area was formed by
3 different paleopeat bodies. This successive
development of peat are characterized by the
presence of two claystone layers as inorganic
parting/inorganic split. Coal seam B was in-
terpreted to be formed on 4 different paleopeat
bodies which are characterized by the presence
of three claystone layers as the inorganic part-
ing. It also shows that coal seam A and B are
formed in inundated mire. This mire had high
water table and fluctuation occurred. The wa-
ter table fluctuation caused deposition of inor-
ganic parting which then followed by reinitia-
tion of paleopeat. The summary of the dynamic
change of depositional condition during the for-
mation of coal seam A and seam coal B is pre-
sented in Figure 5.

5 CONCLUSION

Coal seam A and seam B of Tanjung Forma-
tion in Sekako have thicknesses of 1.5 m and 3
m respectively and is are predominantly com-
posed by of bright coals and banded bright
coals. The coal generally has medium-high ash
yield of 2.82 to 9.23 (wt.%, db) and low sulfur
content <1 (wt.%, db), except for the 6PLY1 coal
sample which has a high sulfur content which
is 1. 55 (wt.%, db). Coal samples (5PLY1A,
S5PLY1B, 5PLY3, 5PLY5, 6PLY2, 6PLY4, 6PLY5,
6PLY7, and 6PLY9) which have medium to high
ash yield and low sulfur content <1% are in-
terpreted to be formed in the topogenous mire
(freshwater swamp) in a fluvial environment.
The sulfur content is mainly related with the
original sulfur in the parent material and some
sulfur containing authigenic mineral which was
formed during the peatification. Meanwhile
the 6PLY1 coal sample which has an ash yield
of 5.83 (wt.%, db) and total sulfur content >
1% (wt.%, db) indicates a higher ash and sul-
fur content which was contributed by the pres-
ence of invasion or flooding by seawater rich
in sulfate (5O4) compounds in the topogeneous
mire in limnic environments. Framboidal pyrite
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minerals found within the coal samples are in-
dicator of this phenomenon.
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coal seam B.
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