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Abstract: In the present investigation all the working lignite seams of Cambay basin of Gujarat have been studied to see
the distribution and geochemistry of selected major/minor elements like Fe, Ca, Na, K, Mg, and Mn and trace elements
like Cu, Co, Cr, Cd, Ni, Pb and Zn. The vertical variation of these elements along the seam profiles has been studied to
see the pattern of distribution of these elements and also to know the horizons of their enrichment and the probable
cause. Further, these elements have been correlated among themselves and also with organic and inorganic matter of
lignite. The correlation study indicates that in Tadkeshwar upper seam Fe has its affinity with huminite while Mg and Na
have their affinity with liptinite and in Tadkeshwar lower seam Na has an affinity with liptinite. In Vastan upper seam Mn
and Cu are associated with inertinite and Na with huminite while in Vastan lower seam Cu relates to huminite and Cd to
liptinite and huminite. In Rajpardi seam Ca and Co are associated with huminite. The study provides information on the
mode of occurrence of elements of less studied lignites of western India.
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INTRODUCTION

Study of trace elements in coal and lignite has been
given more impetus these days owing to their environmental
implications. They not only provide informations pertaining
to coal bearing horizons and their paleo-depositional
environment but also reveal the regional tectonic history
(Ren, 1996). Their distribution is related to peat accumu-
lation, coalfication process, diagenesis, and interaction of
organic matter with the basinal fluids (Dai et al., 2008; Ren
et al., 2006; Ward, 2002). The major minerals in coal such
as silicates, carbonates and sulphides, incorporate most of
the elements. But there are also elements like Ge, B, Br, Be
and Cl which are normally associated with the organic matter
(Finkelman, 1995). Ren et al. (2004) worked on the
enrichment mechanism of trace elements in the Shanbei
lignites of China. Through sequential chemical extraction
they could separate the water-soluble elements, ion-
exchangeable elements, fluvic acid and humic acid bonded
elements, organic macromolecular-bonded elements,
carbonate bonded elements and aluminosilicate and sulphide
bonded elements. Such studies were carried out by Riley et
al. (2012) on the Australian coals. Significant contributions
have also been made by Zhou and Ren (1992), Wang et al.
(1996), Zhao (1997), Feng and Hong (1997), Zeng et al.

(1998), Liu et al. (1999, 2001), Prachiti et al. (2011), Singh
et al. (2012a).

The trace elements also reveal useful informations
required to address the environmental implications resulting
from coal utilization. Contributions in this field have been
made by Dai et al. (2005), Dai et al. (2012), Finkelman
(1995), Finkelman et al. (2002), Liu et al. (2005), Prachiti
et al. (2011), Ribeiro et al. (2010), Silva et al. (2011), Singh
et al. (2015), and Tang et al. (2009). Some coal and
ashes are potential source of elements like Ge, Ga, Nb, Zr,
U and REEs (Dai et al., 2012, 2014; Hower et al., 1999;
Seredin and Dai, 2012).The understanding of distribution
and concentration of trace elements in coal is helpful in
designing suitable strategies to minimize the environmental
pollution and the related health hazards (Dai et al., 2012;
Liu et al., 2005a; Tang et al., 2009). Indian coals have not
been studied in detail with respect to the distribution of trace
elements and whatever data are available are only from the
sporadic samples. Prachiti et al. (2011) have studied the
geochemical systematics and precious metal content in
coal and associated sediments from Sattupalli coalfield of
Andhra Pradesh, India. Singh et al. (2015) have studied the
geochemistry of environmentally sensitive trace elements
in the lignite samples of Barsingsar and Gurha mines of
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Rajasthan. Similar study has been taken up by Saikia et al.,
(2015) on the mineralogy and geochemistry of elements in
north-east Indian coals. In the present investigation
distribution of selected elements in the Cambay basin of
Gujarat is undertaken and their geochemistry is discussed
especially in light of their inter-relationship and also with
the organic matter.

GEOLOGY  OF THE AREA

The regional geology of the basin is shown in Fig.1
and the general stratigraphic succession is furnished in
Table 1a-c.

Geology of Vastan lignite field: This mine is located in

Surat district and is a significant lignite mining centre of
Gujarat. The lignite bearing sequence is of Eocene and
belongs to Cambay Formation and is a part of an
intracratonic basin called Cambay basin. This basin covers
a large area of Gujarat and continues to Barmer region of
Rajasthan in north. The formation encloses thick beds (75-
150 m) of clay and shale with lignite seams (Table 1a) and
its detailed geology has been discussed by Singh (2012)
and Singh et al. (2010). Studies on the regional geology of
the area have been made by Mathur et al. (1968), Raju
(1968) and Biswas (1987).

Geology of Rajpardi Lignite field: The lignite bearing
sequence is Tadkeshwar Formation. The formation is a
150 m thick litho-unit comprising of clay, carbonaceous

Fig.1. Geological map of Cambay basin and location of lignite fields (redrawn from GSI, 2012)
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Table 1a. A general succession of the Vastan region, Gujarat (after Sahni
et al., 2006).

Lithology Age Thickness (in m)

Alluvium & Black shale Recent 75-150 (total Cambay
Formation)

Calc Bentonitic Clay Late Eocene
Lignite with clay Early Eocene 20-145 (in Vastan area)
Lithomargic clay Paleocene

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Deccan Trap Late Cretaceous –

Table 1c. Geological succession around Tadkeshwar lignite field, southern Cambay Basin (Source: Gujarat Mineral Development
Corporation Mine Report.1989).

Age Formation Lithology and their thickness

Pleistocene to Recent Alluvium Varied coloured sands, soil and kankar

Middle Miocene to Pliocene Jhagadia Light coloured sandstones, marls, limestone and conglomerate (304m)

Early Miocene Kand Limestone, marls and clays with sandstone bearing conglomerate (457 m)

Early most Miocene Babaguru Ferruginous sandstone, agate bearing conglomerates and varied clays, grey
sandstone and white sands (152m)

Oligocene to Late Eocene Tadkeshwar* Grey, yellow and brown friable sandstones with clay lenses of carbonaceous
clays, sandstone and lignite (152m)

Late Eocene to Early Eocene Nummulite Numulitic  limestone, clays with sandstone lenses (122m)

Early Eocene Vagadkhol Bentonitic clays, friable sandstone and conglomerates (304m)

Cretaceous Deccan Traps Basalts with basic intrusive

*Now established as early Eocene in age (Sahni et al., 2006).

Table 1b. Regional stratigraphic sequence with lithounits in and around Rajpardi, Gujarat (based on the work of Oil & Natural
Gas Corporation).

Age Formation Lithounits Thickness (in m)

Pleistocene to Recent Alluvium Varied coloured sands, soil and Kankar —

Middle Miocene Jhagadia Light coloured sandstones, marls, limestone and conglomerate 300
to Pliocene Formation

Early Miocene Kand Limestone, marls, clays with sandstone bands and agate bearing 450
Formation conglomerate

Early most Miocene Babaguru Agate Conglomerates 150
Formation - - - - - - - - - - - - - - - - - - -

Ferruginous sandstone
- - - - - - - - - - - - - - - - - - -
Sandy

Oligocene to *Tadkeshwar Grey Clay
Late Eocene Formation Carbonaceous Clay

Lignite 150
Carbonaceous Clay
Lenses of sandstone
Carbonaceous Clay, lignite
Grey Clay
- - - - - - - - - - - - - - - - - - - -

Late Eocene to Numulitic Numulitic limestone, clays with sandstone lenses 120
Early Eocene Formation

Early Eocene Vagadkhol Bentonitic clays, friable sandstone and conglomerates 120
Formation

~~~~~~~~~~~~~~~~~~ Unconformity ~~~~~~~~~~~~~~~~~~~
Cretaceous Deccan Traps Basalts with basic intrusives —

*Now established as early Eocene in age (Sahni et al., 2006).
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clay, lignite and sandstone. This formation is overlain by
Babaguru Formation and underlain by Nummulite
Formation. The detailed geology of the area has been
discussed by Singh et al. (2012b). The lignite mine is located
in Bharuch district. The details of the formation, lithounits
and their thickness are furnished in Table 1b. Here two
lignite seams occur which are persistent in nature. The
top seam is 4.2-8.8 m thick while bottom seam is 1.0-
3.4 m thick. In addition, few local seams have also been
reported (Singh et al., 2012b) but they are non-persistent
in nature.

Geology of Tadkeshwar Lignite field: This mine is
located in Surat district and in this field also the lignite
bearing sequence is the Tadkeshwar Formation (Table 1c).
This formation is overlain by Babaguru Formation and
underlain by Nummulite Formation. Tadkeshwar Formation
begins with the deposition of grey bentonite clay which is
successively followed by lignite bed, carbonaceous clay,
lenses of sandstone, carbonaceous clay, lignite bed,
carbonaceous clay, grey clay, sandy clay, and ferruginous
sandstone.

MATERIALS AND  METHODS

Lignite  Samples

Lignite samples from the workings of all the lignite
mines of Cambay basin have been collected following
pillar coal sampling method (Schopf, 1960) so that the
full seam thickness is represented at the sampling point
and the same may be reconstructed in laboratory. The
mines include Tadkeshwar (both upper and lower seams),
Vastan (both upper and lower seams) and Rajpardi. The
maceral analysis was carried out in coal and organic
petrology lab, Banaras Hindu University by Leitz Orthoplan
Pol Microscope following Taylor et al. (1998). The samples
have been crushed to -70 mesh size. The samples have been
subjected to proximate analysis to determine the constituents
like moisture, ash, volatile matter and fixed carbon. The
samples were analysed for selected minor and trace
elements namely, Fe, Ca, Mg, Mn, K, Na, Cu, Co, Ni, Cr,
Zn, Pb and As on ‘whole coal samples’.

Digestion  of  Lignite  Samples

Digestion of lignite samples was carried out following
standard method of Eaton et al. (1995). The sample (½ gram
dry weight) is taken in a digestion vessel and mixed with
10 ml of digestion mixture (10 part conc. HNO3 and 1 part
HClO4). After refluxing the mixture for 30 min the step
is repeated again until brown fumes ceases. The mixture is

then filtered with the help of Whatman filter paper (No.
41). Subsequently, the digested samples are rinsed with 1%
concentrated HNO3 and transferred in a separate test tube
and the volume is made up to 20 ml. The samples have been
analyzed under Atomic Absorption Spectrophotometer
(AAS, Model Perkin Elmer Analyst 800) to see the
concentrations of various elements.

RESULT AND  DISCUSSION

Petrographic  Composition

Huminite is the most dominant among the three maceral
groups in the lignites of Cambay basin while liptinite and
inertinite maceral groups occur in subordinate
concentrations.

Tadkeshwar Upper Lignite seam: In this seam huminite
varies in concentration from 54.74 to 75.90% while liptinite
(8.38 to 24.40%) and inertinite (1.39 to 14.82%) groups
occur in relatively low concentration. The mineral matter
varies from 7.34 to 12.77%.

Tadkeshwar Lower Lignite seam: Huminite dominates
among the macerals  and varies from 51.98 to 66.47% while
liptinite (6.76 to 22.57%) and inertinite (1.39 to 8.58%)
occur in low concentration. The mineral matter varies from
12.57 to 30.82%.

Vastan Upper Lignite seam: Petrographically it is
dominated by huminite (58.0 to 82.07%) while liptinite (6.94
to 16.57%) and inertinite (1.80 to 17.93%) occurs in low
concentration. The mineral matter varies from 6.60 to 14.0%.

Vastan Lower Lignite seam: Huminite (72.06 to
83.07%) dominates over liptinite (6.94 to 12.52%) and
inertinite (1.0 to 5.57%). The mineral matter varies from
6.77 to 15.17%.

Rajpardi Lignite seam: Huminite is the chief maceral
group and varies in concentration from 67.86 to 80.04%
while liptinite (8.70 to 16.30%) and inertinite (2.77 to
9.31%) are the subordinate maceral groups. Mineral matter
varies from 6.94 to 14.88%.

The XRD study of low temperature ash of the Cambay
lignites has revealed the presence of chiefly mixed layer of
clay, kaolinite, anhydrite, quartz and hematite (Fig.2a).
The details of macerals, mineral matter and chemical
constituents of various lignite seams of the Cambay basin
are furnished in Table 2a-c and the mean petrographic
constituents are shown in Fig.2b.

Distribution  of  Selected  Minor/Trace  Elements

Na occurs in high concentration in all the lignite seams
of Cambay basin and in some of the sections it is over ten
times higher than the Clarke values of brown coals.  K is
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also high in Tadkeshwar upper seam and Vastan upper seam
samples compared to Clarke values. Cu is continuously high
in the samples of Tadkeshwar lower seam, Vastan lower seam
and Rajpardi seam and in few sections it is more than 100
times higher than the Clarke values. Similarly, Ni occurs in
high concentration in almost all the samples of Tadkeshwar
upper seam and Vastan upper seam and in few samples of
other seams of the basin. Cd is high in most of the samples
of Tadkeshwar lower seam and Vastan lower seam and in
few samples of rest of the seams. The concentration of Cr is

high in few samples of Rajpardi seam. The concentration of
Co is up to ten times high in Rajpardi samples compared to
Clarke values while Pb is high only in a few samples. The
other elements have a normal distribution. The values of
the elements are furnished in Table 3a-c.

Correlation  of  Elements

To understand the mode of occurrence of elements in
the lignites of Cambay basin, the indirect evidences have
been discussed which include correlation coefficient of

Table 2a. Data of Petrography (in vol %) and proximate (in wt %) constituents of Vastan Lignite Seams, Gujarat

S. Sample Megascopic Characteristics Humi Lipt Inert Mineral Matter Ash VM FC
No. No. Pyrite Other (daf) (daf)

1 V11 Unstratified, matrix rich, brown inhomogeneous lignite 68.79 9.54 12.13 3.98 5.57 4.18 58.91 41.09
2 V10 Unstratified, matrix rich, brown inhomogeneous lignite

with pyrite specks 65.20 12.60 15.60 4.8 1.8 4.35 54.61 45.39
3 V9 Stratified, matrix rich, brown inhomogeneous lignite with

pyrite specks 80.64 9.18 1.80 3.79 4.59 5.88 56.81 43.19
4 V8 Unstratified, matrix rich, brown inhomogeneous lignite with

pyrite specks 67.27 13.17 9.38 7.39 2.79 4.68 54.34 45.66
5 V7 Unstratified, matrix rich, black inhomogeneous lignite 69.64 9.33 8.33 11.31 1.39 4.61 68.81 31.18
6 V6 Stratified, matrix rich, brown inhomogeneous lignite 67.80 9.00 9.20 12.4 1.60 4.50 54.62 45.38
7 V5 Unstratified, matrix rich, black inhomogeneous lignite 66.93 8.37 17.93 3.98 2.79 5.41 62.57 37.43
8 V4 Unstratified, matrix rich, brown inhomogeneous lignite with

pyrite specks 60.88 16.57 8.58 10.78 3.19 4.63 59.97 40.03
9 V3 Stratified, matrix rich, brown inhomogeneous lignite 75.40 6.94 6.35 7.54 3.77 4.48 56.20 43.80
10 V2 Unstratified, matrix rich, brown inhomogeneous lignite with

pyrite specks and resin patches 58 16.00 17.20 6.0 2.8 4.61 61.12 38.87
11 V1 Stratified, matrix rich, brown inhomogeneous lignite 82.07 8.57 2.59 3.98 2.79 4.50 55.35 44.65
12 Mean 69.33 10.84 9.92 6.90 3.01 4.71 58.48 41.52

13 VL6 Unstratified, matrix rich, black inhomogeneous lignite. 75.55 7.55 2.39 7.16 7.36 11.92 54.63 45.37
14 VL5 Stratified, matrix rich, brown inhomogeneous lignite. 78.17 6.94 2.58 5.56 6.75 5.76 44.32 55.68
15 VL4 Unstratified, matrix rich, brown inhomogeneous lignite 78.29 11.95 2.99 5.58 1.20 6.57 42.06 57.94
16 VL3 Unstratified, matrix rich, brown inhomogeneous lignite 74.95 12.52 5.57 5.57 1.39 6.75 44.21 55.79
17 VL2 Unstratified, matrix rich, brown inhomogeneous lignite 83.07 7.17 1 7.37 1.39 10.95 65.05 34.95
18 VL1 Unstratified, matrix rich, brown inhomogeneous lignite 72.06 8.18 4.59 6.59 8.58 17.52 69.79 30.21
19 Mean 77.01 9.06 3.18 6.30 4.44 9.91 53.68 46.66

Humi-huminite, lipt-liptinite, inert-inertinite, VM-volatile matter, FC-fixed carbon

Table 2b. Data of Petrography (in vol %) and proximate (in wt %) constituents of Rajpardi Lignite Seam, Gujarat.

S. Sample Megascopic Characteristics Humi Lipt Inert Mineral Matter Ash VM FC
No. No. Pyrite Other (daf) (daf)

1 R10 Unstratified, matrix rich, brown inhomogeneous lignite with
pyrite specks and resin patches 68.71 11.88 9.31 7.92 2.18 7.99 68.14 31.86

2 R9 Unstratified, matrix rich, brown inhomogeneous lignite 80.04 8.70 2.77 4.94 3.56 7.47 54.85 45.15
3 R8 Unstratified, matrix rich, brown inhomogeneous lignite with

pyrite specks and resin patches 71.29 15.45 6.14 5.54 1.58 5.23 60.94 39.06
4 R7 Stratified, matrix rich, brown inhomogeneous lignite with

pyrite specks and resin patches 76.39 12.30 4.37 5.95 0.99 5.28 67.63 32.37
5 R6 Unstratified, matrix rich, brown inhomogeneous lignite with

pyrite specks and resin patches 70.78 16.30 5.57 5.96 1.39 7.99 64.10 35.90
6 R5 Stratified, xylite rich, brown inhomogeneous lignite with

pyrite specks 71.09 16.24 3.17 5.94 3.56 7.83 63.61 36.39
7 R4 Stratified, matrix rich, brown inhomogeneous lignite with

pyrite specks and resin patches 67.86 11.58 5.79 9.38 5.39 13.38 57.90 42.10
8 R3 Stratified, matrix rich, brown inhomogeneous lignite. 76.10 10.16 5.58 4.58 3.59 6.53 59.32 40.68
9 R2 Stratified, matrix rich, brown inhomogeneous lignite. 70.44 11.31 3.37 13.10 1.79 7.82 65.95 34.05
10 R1 Stratified, matrix rich, black inhomogeneous lignite with

pyrite specks 73.21 9.92 8.73 4.17 3.97 4.53 70.69 29.31
11 Mean 72.59 12.38 5.48 6.75 2.80 7.41 63.31 36.69

Humi-huminite, lipt-liptinite, inert-inertinite, VM-volatile matter, FC-fixed carbon
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Table 2c. Data of Petrography (in vol %) and proximate (in wt %) constituents of Tadkeshwar Lignite Seam, Gujarat

S. Sample Megascopic Characteristics Humi Lipt Inert Mineral Matter Ash VM FC
No. No. Pyrite Other (daf) (daf)

1 T 10 Unstratified, matrix rich, brown inhomogeneous lignite with 65.67 24.40 1.39 2.78 5.75 7.68 53.66 46.33
pyrite specks and resin patches

2 T 9 Unstratified, matrix rich, brown inhomogeneous lignite with 58.38 23.47 10.65 2.96 4.54 6.83 56.08 43.92
pyrite specks and resin patches

3 T 8 Unstratified, matrix rich, brown inhomogeneous lignite 75.90 10.16 6.18 3.39 4.38 6.08 49.58 50.42
4 T 7 Unstratified, matrix rich, black inhomogeneous lignite with 55.40 19.80 14 5.2 5.60 9.53 60.64 39.36

pyrite specks and resin patches
5 T 6 Unstratified, matrix rich, brown inhomogeneous lignite 64.48 14.88 13.29 3.17 4.17 5.80 51.85 48.15
6 T 5 Unstratified, matrix rich, brown inhomogeneous lignite with 58.50 19.37 14.23 3.36 4.55 5.19 51.58 48.42

pyrite specks
7 T 4 Stratified, matrix rich, brown inhomogeneous lignite with 54.74 18.18 14.82 10.47 1.78 5.16 62.28 37.72

pyrite specks
8 T 3 Unstratified, matrix rich, brown inhomogeneous lignite with 72.85 8.38 5.99 3.99 8.78 4.96 50.49 49.51

pyrite specks and resin patches
9 T 2 Unstratified, matrix rich, brown inhomogeneous lignite with 69.84 18.25 4.56 1.79 5.56 5.64 57.15 42.85

pyrite specks
10 T 1 Stratified, matrix rich, brown inhomogeneous lignite with 75.89 12.06 3.95 2.96 5.14 7.19 48.79 51.20

pyrite specks
11 Mean 65.17 16.90 8.91 4.01 5.02 6.41 54.21 45.79

12 TL7 Stratified, matrix rich, brown inhomogeneous lignite with 66.47 14.09 1.39 5.95 12.10 9.55 62.62 37.38
pyrite specks

13 TL6 Unstratified, matrix rich, brown inhomogeneous lignite 56.83 22.57 4.75 3.37 12.48 10.91 74.26 25.74
14 TL5 Stratified, matrix rich, brown inhomogeneous lignite with 61.51 21.23 4.17 4.76 8.33 9.83 66.31 33.69

pyrite specks
15 TL4 Untratified, matrix rich, brown inhomogeneous lignite with 58.33 10.71 3.97 7.94 19.05 10.06 65.41 34.59

pyrite specks
16 TL3 Stratified, matrix rich, brown inhomogeneous lignite with 57.46 6.76 4.97 1.79 29.03 23.28 71.00 29.00

pyrite specks
17 TL2 Unstratified, matrix rich, brown inhomogeneous lignite with 51.98 17.86 7.74 2.98 19.44 9.70 67.82 32.18

pyrite specks and resin patches
18 TL1 Stratified, matrix rich, brown inhomogeneous lignite with 61.88 16.97 8.58 4.59 7.98 10.65 68.47 31.53

pyrite specks and resin patches
19 Mean 59.21 15.74 5.08 4.48 15.49 12.11 67.99 32.01

Humi-huminite, lipt-liptinite, inert-inertinite, VM-volatile matter, FC-fixed carbon
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elements with ash content, pattern of distribution of elements
with increase in ash content, correlation of elements with
Fe content and correlation matrix among the elements.
Similar study has been carried out by Eskenzy (2009) on
Bulgarian coals. The vertical variation of all the elements
along the seam profile is shown in Figure 3a-e. The figure
shows that there is no definite pattern of variation in the

concentration of the elements from bottom to top of the seam.
However, those sections having high ash content record a
noticeable fall in the Fe, Ca, Mg and Na contents in most of
the seam profiles. The relationship of ash content with
various elements is shown in Figure 4. In Tadkeshwar upper
seam organic matter has a strong positive correlation with
Fe (chiefly with huminite), Mg (chiefly with liptinite) and

Fig.2. (a) XRD spectrum of Tadkeswar lignite ample (low temperature ash), Cambay basin, Gujarat. (b) Mean values of petrographic
constituents in various lignite seams of Cambay basin.
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Fig.3a. Vertical variation of ash and some elements in Vastan upper lignite seam.

Fig.3b. Vertical variation of ash and some elements in Vastan lower lignite seam.
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Fig.3c. Vertical variation of ash and some elements in Rajpardi lignite seam.

Fig.3d. Vertical variation of ash and some elements in Tadkeswar upper lignite seam.

������

���!���#��������'�

�-��.�/��'�

/&��&�)����*�&��0���#�1�!��2��

/&��&�)����0.'�&����#�1�!��2��2�&��&�#����)���',���

3��&��&�)����*�&��0���#�1�!��2�

/&��&�)����*�&��0���#�1�!��2��2�&��&��#����)���',�������������

3��&��&�)����*�&��0���#�1�!��2��2�&��&��#����)���',���
����������

/&��&�)����*�&��0���#�1�!'�#4�2�&��&��#����)���',���

Carbonaceous shale

Stratified xylite rich, brown with pyrite specks

Unstratified matrix rich, brown

Unstratified matrix rich, brown with pyrite specks
and resin

Stratified matrix rich, brown

Stratified matrix rich, brown with pyrite specks and resin

Stratified matrix rich, black with pyrite specks

Grey Shale

Stratified matrix rich, brown with pyrite specks

Stratified matrix rich, brown with pyrite specks

Unstratified matrix rich, black

Carbonaceous Shale

Grey Shale
Unstratified matrix rich, brown
Unstratified matrix rich, brown with pyrite specks
and resin
Stratified matrix rich, brown with pyrite specks



JOUR.GEOL.SOC.INDIA, VOL.88, AUGUST 2016

140 P. K. SINGH AND  OTHERS

����

����

����

����

���	

���


����

�
������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� �

�	�������������������������������

����������������������

����������������
��

�������������
�������

�����������������������

��������������
�����

���
	��

������

���������������������

������������������������������

�����������������������������

����
�������������������
������

�������������������������������

�������
����������������������

���������

������

�������$���
�
��%�

�+��,�
��%�

-�
#��#�'����(�#��.���$�/����*��*�#��#��$�
��'�
�%0����������
��

1#��#�'����(�#��.���$�/���*��*�#��#��$�
��'�
�%0���

-�
#��#�'����(�#��.���$�/���*��*�#��#��$�
��'�
�%0���

-�
#��#�'����(�#��.���$�/����*��

1#��#�'����(�#��.���$�/����*��*�#��#��$�
��'�
�%0����������
��

��0

2�##�(

�3�$(
3

Na (chiefly with liptinite) contents showing their affinity
with organic matter while Pb and K maintain a positive
correlation with inorganic matter. This indicates that Pb and
K would have been derived from some inorganic source or
pre-existing rocks. Similarly in Tadkeshwar lower seam
organic matter has positive correlation with Na (chiefly
with liptinite) while Fe, Mn, Co, Ni, Zn and Cd maintain a
positive correlation  with inorganic matter. In Vastan upper
seam organic matter has a medium positive correlation with
Mn (chiefly with inertinite), Na (chiefly with huminite) and
Cu (chiefly with inertinite) while Ca, K and Pb have low
positive correlation with inorganic matter. In Vastan lower
seam the inorganic matter has a strong positive correlation
with Mn, K, Co and Ni while organic matter maintains a
moderate positive correlation with Cd (with liptinite and
huminite) and Cu (chiefly with huminite). In Rajpardi
seam the inorganic matter has a positive correlation with
Fe, Mn and Pb while organic matter relates positively
with Ca and Co (chiefly with huminite). The association of
Ca with macerals is in agreement with the study of Ward
et al. (2007) who could see significant proportion of Ca in
the macerals in Australian coals. The correlation matrix

among the elements and with organic matter in all the
lignite seams of the Cambay basin has been furnished in
Table 4a-e.

Iron bearing minerals are considered as hosts for several
elements. Though the occurrence of Fe in Cambay basin
lignites is well within the Clarke value, nevertheless it
seems to have good affinity with Cd, Ni, Cr, Zn and Co in
Tadkeshwar lower seam with Pb, Zn, Mn and Mg in
Rajpardi seams.

Based on the sympathetic correlation of pyrite with
elements it may be inferred that in Tadkeshwar lignite the
elements Fe, Pb, Co, Ni, Cr and Zn are associated with pyrite
and in Vastan lignites the elements Fe, Mn, Co, Ni, Cr, Zn
and Pb have been derived from pyrite. In Rajpardi lignite
the elements Fe, Mn, K and Cr have shown their affinity
with pyrite.

CONCLUSIONS

In the present investigation full seam lignite samples
were collected from Tadkeshwar mine (lower and upper
seams), Vastan mine (lower and upper lignite seams) and

Fig.3e. Vertical variation of ash and some elements in Tadkeswar lower lignite seam.

Carbonaceous Shale

Stratified matrix rich, brown with pyrite specks

Unstratified matrix rich, brown with pyrite specks

Stratified matrix rich, brown with pyrite specks and resin

Unstratified matrix rich, brown with pyrite specks and resin

Unstratified matrix rich, brown

Grey Shale
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Rajpardi mines of Cambay basin. The samples were
subjected to petrographic and chemical studies and were
analysed for major and minor elements like Fe, Ca, Na, K,
Mg, and Mn and trace elements like Cu, Co, Cr, Cd, Ni, Pb
and Zn with the help of Atomic Absorption Spectro-
photometer. Based on the study the following conclusions
are drawn:

1. Cambay basin lignites have a dominance of huminite
group (59-77%) whereas liptinite (9-17%) and
inertinite (3-10%) occur in subordinate amounts. The
mineral matter varies from 9-20% in various seams.

2. Element analysis shows that Cu content is high in all
the lignite seams and in few sections of Rajpardi seam
it is over 100 times higher when compared with the
Clarke values. Ni, Cd, Cr, Co and Pb occur in very
high concentration in few sections.

3. Occurrence of elements in these lignites has been
discussed on the basis of indirect evidences such as

correlation coefficient of elements with ash content,
pattern of distribution of elements with increase in ash
content, correlation of elements with Fe content and
correlation matrix among the elements.

4. The elements have shown their affinity with various
macerals. Correlation study reveals that in Tadkeshwar
upper seam Fe is associated with huminite while Mg
and Na have their affinity with liptinite:  in Tadkeshwar
lower seam Na is associated with liptinite. In Vastan
upper seam Mn and Cu relate with inertinite and Na
with huminite whereas in Vastan lower seam Cu has an
affinity with huminite and Cd with liptinite and
huminite. Ca and Co relate to huminite in Rajpardi
seam.
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