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Abstract:- This research investigates the geochemistry of major elements of coal found in the Bayah District, Banten Province, Indonesia. To find out the 
provenance, tectonic conditions, and weathering levels of coal deposited in the Bayah Formation, major oxides—dominant oxides such as SiO2, Al2O3, 
and Fe2O3 and minor oxides such as MNO, MgO, Na2O, K2O, CaO, TiO2, and P2O5—were identified from eight coal samples. The high concentration of 
Al2O3 and CaO demonstrates the most striking aspect of the geochemistry of the coal deposit in Bayah Formation: SiO2, Fe2O3, MNO, MgO, Na2O, K2O, 
CaO, TiO2, and P2O5 had been depleted in the samples. The graph plotting Al2O3 vs TiO2 suggested that felsic to intermediate rock were sources for the 
coal. The plotting of SiO2/Al2O3 vs K2O/Na2O indicated, tectonically, that the provenance of the source rock comes from the active continental margin. All 
rock samples have a high Chemical Index of Alteration (CIA) and Plagioclase Index of Alteration (PIA) values close to 100; this indicates that the level of 
chemical weathering is very strong. The Index Compositional Value (ICV) was low, which suggested the presence of mature sediment, rich in clay 
minerals (especially kaolinite). 
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1 INTRODUCTION 
Coal is Coal is composed of organic material, minerals, and 
inorganic components. Organic material, which is often 
referred to as ―maceral,‖ is the main constituent of coal (about 
75%). Minerals and inorganic materials, which are present in 
smaller quantities, are defined as ―mineral matter‖ [1] which 
consists of three groups: (1) minerals in discrete and 
crystalline particles, (2) elements or compounds that usually 
exclude elements such as nitrogen and sulfur, and (3) soluble 
inorganic compounds in coal pore water and coal surface 
water. Mineral matter in coal can either be sourced from coal-
forming plants (inherent minerals), or derived from the 
weathering of source rocks carried by the wind or water 
(extraneous minerals) [2,3]. These minerals can be formed 
both in the final syngenetic phase and in the epigenetic phase 
[4]. Inherent impurities in the combustion process leave ash in 
the form of oxides from SiO2, Al2O3, TiO2, Mn3O4, CaO, Fe2O3, 
MgO, K2O, Na2O, P2O5. The gypsum (CaSO42H2O), CaSO4, 
pyrite (FeS2), silica (SiO2) can also be inherent impurities. 
Geologically, the Bayah area is located on the front slopes of 
the Southern Mountains of Java, facing the Indian Ocean which 
is, tectonically, an area of the Ocean Plate. During its 
development, the Ocean Plate moved towards the Eurasian 
Continent Plate, and some of the oceanic mass infiltrated the 
continent [5]. The sedimentary rocks in the Bayah area are the 
result of deformation and sedimentation of continental-type 
igneous rocks. This, however, does not rule out the possibility 
that oceanic crust-type rocks can be a source of material for 
sediment, including coal formation [6] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In Bayah Area, there has been a lot of research on coal related 
to the maceral composition, coal depositional environment, coal 
stratigraphy; however, research on major oxide in coal has not 
been widely carried out. Although present in small amounts, the 
presence of major oxide elements in coal plays an important 
role in reconstructing geological evolution such as provenance, 
tectonic, paleoclimate, and weathering levels in the source area. 
Consequently, a study of the major elements’ geochemistry of 
the coal in the Bayah area is conducted The aim of this 
research as to identify the major oxides within coal and use the 
abundance and ratio of each major oxide to determine the 
provenance, tectonic setting, and degree of ancient weathering 
of the coal formation source. 
 

2 METHODS AND SAMPLING 

 
2.1 Site Description 
The coal samples for this study were collected from coal 
Paleogene outcrop samples at Bayah Area, Banten, 
Indonesia. A total of 8 coal samples were taken from the 
location. All coals exhibit the following physical characteristics, 
brownish-black in color, dull-glass lustre, brown-black streak, 
tight cleats up to several cm, brittle, with pyrite and iron oxide 
impurity minerals. The proximate analysis of coal samples in 
Bayah Formation shows a moisture content (TM: 4.47 – 
4.63%), inherent moisture, ash content (IM: 2.87%), volatile 
matter (VM : 39.72-41.45% ), and fixed carbon (FC : 51.55-
51.97%). The calorific value of coal (ar) ranges between 7,288 
– 7,510 Cal/gr. According to ASTM standards then the coal in 
the Bayah area can be classified as High volatile B Bituminous 
coal Physiographical, the study area was located in The Bayah 
Mountain Zone, extensional from Bandung zone, consist of 
Paleogene to Pliocene Sediment, and Quaternary Volcanic 
rocks (Fig. 1) 
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Fig. 1. Location of study area and Physiographic map of 

West Java. 

 
Geologically, the Bayah area is located on the slopes of the 
front of the Sothern Mountains of Java, facing the Indian 
Ocean which is tectonically an area of the Ocean Plate. During 
its development, the Ocean Plate moves towards the Eurasian 
Continent Plate, and some of the oceanic mass infiltrates the 
continent [5]. Thus the sedimentary rocks in the Bayah area 
are the result of deformation and sedimentation of continental 
type igneous rocks, but it does not rule out the possibility. 
oceanic crust type rocks can be a source of material for 
sediment; including coals [6] 
 
2.2 Analytical Analysis 
The procedures, preparation, and bagging used for the coal 
study are according to the ASTM Standard [7]. The coal is 
wrapped in aluminum foil and put in a plastic bag to avoid it 
from weathering and contamination. Then, the samples were 
dried and ground to fine size to pass a 200-mesh sieve; then 
divided into representative amount for chemical analysis. Acid 
solution mixture in the form of HNO3: HCl: HF (3: 1: 1) is used 
for acid-digested coal powder. Furthermore, separation of the 
ash concentration was carried out by heating to a temperature 
of 815

0
 C following the ASTM standard procedure [7], then the 

ash obtained is analyzed using XRF to determine the 
composition of the major elements. were analyzed by X-ray 
fluorescence (XRF) spectrometry to determine the 
concentrations of major elements. 
 
2.2.1 Determination of Ash Content 
The ASTM D2013 standard is used as a guide in determining 
the ash content in coal. 
 
 Materials and Equipment 
Muffle furnace, silica dish, analytical balance to the accuracy 
of 0.1 mg, desiccator, aluminum metal plate and clamp pliers, 
coal. 
 
 Experimental 
The dish filled with coal (1.0 gram) is placed in a cold muffle 
furnace at temperature room; then.  temperature is gradually 
increased over a period of 4 hours to 4500 C. The temperature 
is raised until it reaches to 8150 C. To make the coal sample 
completely asphalted, the temperature must be maintained.. 
The ash obtained is then weighed and the percentage of ash 
in the sample is determined. Then the ash is moved to a 
suitable place for XRF analysis.. 
 

2.2.2 Determination of Oxide by XRF spectrometry 
 
 Materials and Equipment 

Ash, XRF equipment ( Bruker S8 Tiger, Germany), 
 

 Experimental 
In a 20 ml platinum dish, a mixture of 0.800 g of coal ash was 
placed with a flux mixture of 43% Li2B4O7, 55% Na2B4O7, 
and 2% NaBr). To make it easier to move the solidified button, 
NaBr is added. The concentration of major oxides such as: 
SiO2, TiO2, Al2O3, Fe2O3, MnO, MgO, CaO, Na2O, K2O, P2O5). 
The LOI is determined by the weight lost during heating 2.3 g 
of sample at 10500 C for 60 minutes. The repeatability and 
reproducibility limits for various elemental oxides in coal and 
coal ash have been followed according to ASTM D 6349. 
 

3 RESULT AND DISCUSSION 

 
3.1. Major Oxide Composition in Coals 
The Major oxide geochemistry data of the eight samples are 
given in Tables 1. Without entering LOI data, all major oxide 
abundances are recalculated as shown in Table 1. For the 
determination of provenance, tectonic setting, and weathering 
degree of the source rock, the major oxides and the ratio of 
each oxide to the other is used in the form of a two-variable 
(bivariate) graph or three-variable (ternary) plot 

 
TABLE 1 

MAJOR OXIDE COMPOSITIONS (WT.%), OXIDE RATIOS AND 

WEATHERING INDICES VALUES OF BAYAH COAL 
 

 
All data have been hydroxide normalized.  
CIA—Chemical Index of Alteration, PIA—Plagioclase Index of 
Alteration, CIW—Chemical Index of Weathering, ICV: Index  
Compositional Variability To find out whether there is an 
enrichment or depletion in the oxide compound composition, 
the average value of each oxide compound or the ratio of the 
oxide compounds according to the Post-Archean Australian 
Shale (PAAS) [8] is compared with the average value in the 
sample. A similar narrow range with SiO2 content is also found 
in Al2O3 contents (34.11–38.92 wt.%; average 35.93 wt.%). 
The range of Fe2O3 abundances in the samples is 3.17–5.21 
wt.%, and average 4.06 wt.%. The low concentrations of MnO, 
MgO, CaO, Na2O, and K2O are similar; i.e., 0.1–0.002 wt.% 
(average 0.02 wt.%), 0.40–0.81 wt.% (average 0.60 wt.%), 
1.54–2.1 wt.% (average 1.78 wt.%), and 0.19–0.52 wt.% 
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(average 0.34 wt.%), 0.31–1.44 wt.% (average 0.86 wt.%), 
respectively. The abundances of TiO2 vary considerably 
(0.22–0.81 wt.%, and the average 0.57 wt.%). The P2O5 
abundances are 0.1–0.3 wt.%, and average 0.14 wt.%. The 
abundance of SiO2 for each sample or its average value, is 
smaller than the Post-Archean Australian Shale (PAAS) value. 
However, the Al2O3 in coal is higher than the PAAS. Other 
major oxides like Fe2O3, MnO, MgO, CaO, Na2O, K2O, TiO2, 
and P2O5 are depleted relative to the PAAS (Figure 2). The 
lower abundance of Na2O and K2O, when compared to the 
PAAS value, indicates that chemical weathering has occurred, 
which results in the loss of feldspar minerals. A depletion in 
abundance of SIO2 along with other oxides such as MnO, 
MgO, CaO, Na2O, K2O, TiO2, and P2O5, followed by increasing 
Al2O3 indicates that the source rock from which the coal was 
formed has weathered. Enrichment of Al2O3 is ascribed to the 
high content of clay minerals which is related to the 
weathering of feldspar at the source area. 

 

 

 
 

Fig.2 Oxide diagram of coal samples, normalized against 
average Post-Archean Australian Shale (PAAS) 

compositions. 

 
The three major oxides were SiO2; Al2O3 and Fe2O3 were 
dominated in coals. Quartz, clay and pyrite minerals are 
thought to be carriers of these elements.[9]. The dominance of 
SIO2 and low percentage K-feldspar related oxide (K2O, MnO) 
in samples indicated that the source area was exposed to 
long-term weathering. The indication of Ti element in the 
intermediate rock is reflected by the high TiO2. The 
Al2O3/TiO2range of 56.15–164.27 wt.% (average 77.60 wt.%) 
was reflected relationship with the felsic sources [9]. The low 
value of MgO in sediment was supported the interpretation. 
The high ratio of Al2O3(34.11-38.92 wt.%; average 35.93 
wt.%); reflects during the coal formation process the influence 
of very large clay minerals; possibly related to the high 
weathering of feldspar minerals. The other major oxide ratio in 
coals; have K2O/Na2O ratio(1.58–4.18 wt.%, average 2.49 
wt.%) (Table 1), suggested that materials sources from quartz 
rich sediments. The relative abundance of alkali feldspar over 
plagioclase and clay minerals in sediment can be interpreted 
can be predicted using K2O/Al2O3ratio. Cox [10] mentioned 
that a significant quantity of alkali feldspar relative to other 
aluminosilicates is indicated by the K2O/Al2O3ratio>0.5; while, 
K2O/Al2O3 ratios <0.4 indicated that sediment contain a rare 
of alkali feldspar. The average K2O/Al2O3 ratio within coal 
samples of 0.02 wt.% (0.01–0.04 wt.%); suggested that the 

source materials were lack of feldspar. The SiO2/Al2O3 ratio 
most of coals were low (3.85-5.37 wt.%; average 4.74 wt.%); 
shows that tectonics during coal deposition is relatively weak, 
basin subsidence is also slow, causing coal deposition to take 
place stably. [11] 
 

4 DISCUSSION  

 
4.1.  PROVENANCE 
Various approaches are used with geochemical data—one of 
which is using oxide compounds to determine coal 
provenance in the study area. The evidence regarding the 
conditions of sediment provenance as well as other 
sedimentary processes, i.e., weathering and sorting, is 
identifiable from the compound oxide [12], [13]. The four main 
rock sources in provenances of sedimentary rock—namely 
mafic igneous, intermediate igneous, felsic igneous, and 
quartzose sedimentary recycled within the quartzose detritus 
field—can best be recognized by the composition, abundance, 
and ratio of the oxide compounds. The unmovable properties 
of titanium (Ti) and aluminum (Al) in an environment, which 
qualify them as representative tools to determine the 
provenance of sedimentary rock [13], coal [14], and oil shale 
[15]..Figure 3 sowing the bivariate plot of Al2O3 against TiO2 

from Hayashi et al. [16] for identified provenance 
 

 
Fig. 3 Provenance diagram of Al2O3 versus TiO2 in coal. 

 

 
Hayashi et al., [16] has divided the provenance of sedimentary 
rock based on Al2O3/TiO2 ratios into rock derived from mafic 
(Al2O3/TiO2 ratio 3–8), intermediate (ratio 8–21), and felsic 
(Al2O3/TiO2 ratio 21–70). The coal provenance in Bayah Area 
is sourced from felsic to intermediate rock, which is indicated 
by a high ratio value of Al2O3/TiO2 (56.15–164.27 wt.% and 
average 77.60 wt.%). The SiO2 against K2O diagram [17] 
indicates  that the source material is from magma series Low 
K- Tholeitic to calc-alkaline medium (Figure 4) 
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Fig. 4 Diagram SiO2 vs K2O of coal 
 

 
4.2. TECTONIC SETTING 
The abundances and ratio of major oxides in sedimentary 
rocks reflects the diversity of tectonic arrangements in which 
these sedimentary rocks are formed which to specific tectonic 
environments [18]. By using a log graph (K2O/Na2O) vs SiO2, 
the tectonic setting of sedimentary rocks can be determined. 
Roser and Korsch [11] grouped it into A1: arc setting, basaltic, 
and andesitic detritus; A2: evolved arc setting, felsic-plutonic 
detritus; PM: passive margin; and ACM: active continental 
margin. In this diagram, all samples are located in the active 
continental margin field (Figure 5).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Diagram SiO2/Al2O3 vs K2O/Na2O of coal 
 

 
The (Fe2O3 + MgO) versus TiO2 diagram corresponded to the 
graph plotting (K2O/Na2O) vs TiO2, which shows that tectonic 
settings are similar in an active continental margin field (Figure 
6) 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Diagram (Fe2O3+ MgO) vs TiO; [16].  A: oceanic 
island arc,       B: continental island arc); C: active 

continental margin and D: active continental margin 
 

 
Referring  to the graph SiO2 vs K2O (Figure 4), graph of 
SiO2/Al2O3 vs K2O/Na2O (Figure 5), and graph of (Fe2O3+ 
MgO) vs TiO2 (Figure 5); it can be stated that the tectonic 
setting of source material for forming coal is the active 
continental margin which was related with subduction oceanic 
crust beneath the continental crust [19]. The plot the major 
oxide in a triangle diagram TiO2–10MnO – P2O5 [20]; further 
emphasize that mostly of coal were form in tectonic setting of 
Oceanic Island Tholeiites; except one sample (BYH2) has a 
source coming from Island Arc Tholeiites (Figure 7). 
 

 

 
 

Fig. 7 Diagram (Fe2O3+ MgO) vs TiO2; [18]. 
 

 
4.3 Level of Source Area Weathering 
In principle, the abundance of major elements can reflect the 
original composition of the source rock; however, the 
proportion of this abundance can change with the weathering 
process which affects the source rock and the changes that 
occur after deposition. This causes in several ways; the major 
abundances cannot be used as an indicator of source rock 
origin. The Chemical Index of Alteration ; CIA [21} and 
Plagioclase Index of Alteration ; PIA [22] were applied to 
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identified the level of intensity  weathering. Due to an 
approximate feldspar and volcanic glass made of 75% labile 
mineral in upper crust; the CIA and PIA should be used as a 
paleo-weathering indicator [23]. The alteration of major 
minerals such as heavy minerals, feldspar and volcanic glass 
into clay minerals is reflected in the CIA value. The calculated 
weathering indicator such as CIA, PIA, and CIW values (Table 
1) range from 93.63 to 98.07 wt. % (average 95.89 wt. %), 
from 97.03 wt. % to 98.92 wt.% with an average 98.10 wt. %, 
and from 98.53 to 99.46 wt. % with an average 99.07 wt. % 
respectively. All coal samples fall within a strong weathering 
degree. The high CIA value in coal (more than 85) indicates 
that the sediment is at a mature level and contains feldspar 
minerals with high weathering rates from tectonically active 
sources. The labile cations, such as Ca, Na, and K, tended to 
be removed, compared to the stable elements of Al and Ti. The 
Al2O3 content is above the average PAAS, indicating that the 
high intensity of weathering causes alkaline elements and rare 
earth elements to be released from the sediment. All types of 
coal have CIA values falling near the kaolinite field, suggesting 
the dominance of clay minerals in the sources of coal (Figure 
8). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.8 Ternary Diagram Al2 O3 – P2O5 – CN (CaO+Na2O) of 

the coals from Bayah Formation. 
 
 

5 CONCLUSION 
Geochemical  studies of major oxides in coal sediments from 
the Bayah Formation in Banten, Indonesia were conducted to 
determine their provenance, tectonic setting, and level of 
source area weathering in which the coals were deposited. 
The research demonstrates that the coal was derived from 
felsic to intermediate source material in an active continental 
margin.; which are not only associated with continental type 
rocks but also with oceanic rocks. The high CIA and PIA 
values suggested a strong degree of weathering in the source 
rocks. 
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