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ABSTRACT

Murthy S & Sarate OS 2016. Late Permian palynoassemblage from Chalburdi area, Chandrapur District, Maharashtra. The

Palaeobotanist 65(1): 85-95.

The study deals with the palynological dating and correlation of the sediments of Bore—hole No. CHB-5, Chalburdi area,

Chandrapur District, Wardha Valley Coalfield, Maharashtra. Based upon the palynological studies, two distinct palynoassemblages
have been identified; the first one at 57.00 m depth contains the dominance of an enveloping monosaccate genus Densipollenites
along with striate bisaccate Striatopodocarpites and Faunipollenites. The stratigraphically significant palynotaxa include
Crescentipollenites, Corisaccites, Klausipollenites, Alisporites, etc. The second palynoassemblage recorded at 51.00 m depth is
characterised by the dominance of Faunipollenites followed by Densipollenites, Striatopodocarpites, Arcuatipollenites, Striatites,
Microbaculispora, Microfoveolatispora and Scheuringipollenites. The recovered palynotaxa suggest that the sediments belong
to the Late Permian Period.

Key-words—Palynology, Correlation, Chalburdi, Late Permian, Wardha Valley, Maharashtra.
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INTRODUCTION

ARDHA Basin as such represents the north—western
extension of the Godavari Valley and displays almost
similar lithological as well as stratigraphic sequence. The
information so far available regarding the palynological
details of the Lower Gondwana succession of the Wradha

Valley Coalfield is skimpy. The major contributors in the
field of Lower Gondwana palaeopalynology include Agashe
& Chitnis, 1970, 1972; Bhattacharrya, 1997; Bharadwaj
& Anand—Prakash, 1974; Jha et al., 2007, 2011; Pauline
Sabina et al., 2007, 2008; Mahesh et al., 2011, 2014;
Kalkar et al., 2010). However, all these studies deal with
the palynological dating of sediments, though a few cover
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coal petrological study (Anand—Prakash & Khare, 1974) and
palacoenvironmental aspects as well (Mahesh et al., 2008;
Pauline Sabina ef al., 2010).

Palynological studies have been extensively utilized
in the biostratigraphic delineation of the Lower Gondwana
formations and in this regards several syntheses have been
published during the last few decades (Bharadwaj, 1969,
1971, 1975; Bharadwaj & Srivastava, 1969; Tiwari & Tripathi,
1988, 1992) provided spore and pollen based zonation for the
Permian sequence of the Indian peninsula.

The present study has been taken up from the sub—surface
sediments collected from Bore—hole CHB-5 representing
Chalburdi area in Chandrapur District of the Wardha Valley
Coalfield, to palynologically date the sequence, prepare the
biostratigaphic zonation and its correlation with the similar

palynoassemblages known from other Gondwana basins of
peninsular India.

GENERAL GEOLOGY

A major portion of the Wardha Valley Coalfield lies in
Chandrapur District of Maharashtra, while a small extension
of it occurs in Yeotmal District. This Coalfield covers an
area of 4,130 km? which extends across the length of 116
km demarcated between latitudes 19°30” and 20°27’ N and
longitudes 78°50” and 79°45’ E. Hughes (1877) conducted the
first systematic geological mapping of the entire coalfield. The
Wardha Valley Coalfield displays structure of a graben bound
on either side by NW-SE trending faults. Raja Rao (1982) has
provided the geological details of the coalfield.
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Fig. 1—Geological map of the Chalburdi area showing location of Bore—hole No. CHB-5, Wardha Valley Coalfield (after Raja Rao, 1982).
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Archaean rocks mostly occupy the eastern extremity
of the Wardha Basin, exist mostly in patches and includes
granite gneisses in predominance along with impersistent
quartzite bands. Pakhal limestone lies unconformably over
the Archaeans and display wide range of colour variation, the
most common and massive variety display, bluish hue with a
characteristic elephant skin type of weathering however, the
thin bands show pink coloration. Occasionally, limestones
contain patches of breccia with angular fragments cemented
in calcareous matrix.

The Sullavai Sandstone Sequence rests upon the Pakhal
limestone which in turn is deposited on Archaeans gneisses.
This sequence mainly includes white or light brown coloured,
coarse—grained quartzite sandstones.

The outcrops of glacially influenced sediments of the
Talchir Formation mostly cover areas near Wun in the northern
part of the basin and are also exposed covering the western
portion of Chandrapur and the sediments deposited along
the course of Erai river, their continuity is also noticed in
the south—westward direction right up to boundary between
Maharashtra and Telangana State. Similarly, the Talchir
exposures are known from northern part of the basin near
Karmana Village near Wun and also in Penganga River Valley.
The Talchir sequence displays the dominant association of
cross bedded green shales having thin laminations besides
medium—grained sandstones. An exposure of a complete
Talchir sequence deposited over Pakhal limestones with
thickness of about 235 m is seen at the confluence of Penganga
and Wardha rivers. Fedden (1875) has recorded the existence
of striated pavements, which proves the existence of glacial
regime. Smith (1963) also studied the glacial striations,
crecentric marks as well as plucking features from the
Proterozoic rocks, which indicates the northward flow of ice.

Tillites represent the basal member of the Talchir
Formation which are deposited on limestone rocks and
comprise clasts of limestones, granites, jaspers and shale.
At times rude cross—stratification and silt interbands, a few
of which are stromatolitic in nature are also observed. The
overlying sequence is represented by tabular cross bedded
sandstones containing conglomerate lenses. The succeeding
sandstone has graded beddings with sole marks and slump
folds. Recurrence of tillite with dispersed clasts having
maximum diameter of about 2 m is also observed. The topmost
tillite is covered by clay with green coloration. Its overlying
thin clay band contains varves, whereas the lower part is
thick and also displays dark colour. The upper most Talchir
unit contains coarse—grained cross bedded sandstones which
gradually upgrades into Barakar Formation.

The Barakar sequence conformably overlies the Talchir
Formation and covers vast area of the Wardha Valley.
Generally these sediments exist in narrow, discontinuous
patches and are rarely found as outcrop sections. They include
feldspathic coarse—grained sandstone and occasionally display
the existence of ferruginous nodules and a few carbonaceous
shales bands. The single coal seam found in the Valley
confined to Barakar Formation is referred as Main Seam
with thickness variation between 17 m and 20 m. This seam
is found sandwiched between 150 m thick fine— to coarse—
grained Barakar Sandstone sequence at its top and 200 m
sequence below it. At several places the Barakar sediments
have been subjected to denudation.

The entire strata unconformably overlying the Barakar
Formation with thickness range from 500 to 700 m is
described under the name Kamthi Formation. However, the
recent subsurface studies have proved the existence of the
sediments sandwiched between the underlying Barakar and
overlying Kamthi Formation and are described as Barren
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Fig. 2—Percentage frequency of various palynotaxa in Bore-hole CHB-5, Chalburdi area, Chandrapur District, Maharashtra.
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Measures Formation. The Kamthi Formation mainly includes
medium— to coarse—grained porous and friable brownish
yellow to red coloured sandstones, interspersed with the
granules and pebbles of quartz and quartzite, inter—bedded
with shale bands of red, grey, cream and white coloration,
sometimes the clay bands are silicified forming prominent
ridges (Table 1). The lower part of the Kamthi Formation of
Wardha, Godavari (Mukhopadhay ef al., 2010) and Mahanadi
(Singh et al., 20006) coalfields is considered as late Permian
in age and equivalent to the Raniganj Formation of Damodar
Basin and Bijori Formation of Satpura Basin.

MATERIAL AND METHOD

The sub—surface samples for palyno—dating have been
collected from a Bore-hole No. CHB-3, drilled at a distance
of approximately 2-2.5 km south—west of Majri Village (Fig.
1) in Chandrapur District of Maharashtra. The sedimentary
sequence intersected between 51.00-295.00 m depth range
from the sub—surface of Chalburdi area consists of green
shales, red shales and red mudstones. The lithological details
of the samples collected for palyno—dating has been given
in Table 2.

Approximately 10-15 gm of each sample was taken
and powdered. The samples having silica contents and those
of shaly nature were treated with HF (40%) for about 3—4
days. However, the coaly samples have been directly treated
with concentrated HNO,. The HF as well as HNO, treated
samples were made acid free by repeated dilution by addition
of distilled water (3—4 times) and its removal, after allowing
to settle for about 2 hours. The HF treated acid free samples
were observed under microscope and if required were further
treated with HNO, or KOH (10%). The macerate was passed
through successively placed two sieves of 150 mesh and
400 mesh respectively, placing 150 mesh sieve on the top
and 400 mesh sieve below it. The residue collected from the

400 mesh sieve has been used for palyno—dating. Five slides
of each productive sample were prepared for pollen—spore
study. The clean and dry slides were observed under the
transmitted light microscope (Olympus 51) and selectively
micro—photographed.

PALYNOLOGICAL ANALYSIS

Fifteen samples were analysed for the palynological
studies, out of which only two shale samples, i.e. CHB5/1
(51.00 m depth) and CHB5/2 (57.00 m depth) were found
productive enough to be used for palyno—dating. However,
CHB5/14 (224.00 m depth) contains palynomorphs but their
frequency distribution is very low. All the remaining samples
are devoid of any spore and pollen grains; however, they have
shown the existence of fairly well-preserved dark yellowish—
dark brown coloured amorphous matter. For describing this
palynoassemblage their existence is regarded as dominant (<
20%), subdominant (10—19%), fair (5-9%), common (2—4%)
and poor (> 2%).

The palynoassemblage (Fig. 2) at the depth of 57.00
m has shown the dominance of Densipollenites (45%) and
the sub—dominance of Striatopodocarpites (27%) followed
by Faunipollenites (10%), Crescentipollenites (9%).
The other commonly known components are Striatites,
Klausipollenites, Scheuringipollenites, Alisporites,
Corisaccites, Verticipollenites and Distriatites with a meagre
distribution of 1-2 per cent. The other palynoassemblage
recorded at 51.00 m shows the dominance of Faunipollenites
(24%) with sub—dominance of Densipollenites (20%), besides,
Striatopodocarpites (18%), Arcuatipollenites and Striatites
10% each, Scheuringipollenites and Microbaculispora
both having equal distribution of 5%. Microfoveolatispora,
Weylandites and Klausipollenites are recorded between 2—3%
(P1. 1.1-22).

PLATE 1
1. Godavarisporites sp. Slide No. 51/ 2, R67/1-2. S31/2
2. Insignisporites barakarensis Bharadwaj & Dwivedi, 1977; Slide No. 12.  Striatites communis Bharadwaj & Salujha, 1964; Slide No. 57/2,
51/2,R68/3 036/1-2
3. Microfoveolatispora foveolata emend. Tiwari, 1965; Slide No. 57/ 13.  Verticipollenites crassus Bharadwaj & Salujha, 1964; Slide No. 57/
1, T47. 2,033/1

4. Microbaculispora gondwanensis Bharadwaj, 1962; Slide No. 51/ 3, P38
5. Densipollenites magnicorpus Tiwari & Rana, 1981; Slide No. 57/1,

J-K54

6.  Densipollenites indicus Bharadwaj & Srivatsava, 1969; Slide No.
57/3,V4l/1

7. Densipollenites magnicorpus Tiwari & Rana, 1981; Slide No. 57/ 4,
Q36/1

8. Scheuringipollenites barakarensis (Tiwari) Tiwari, 1973; Slide No.
57/ 2, T64/2

9. Faunipollenites varius Bharadwaj emend. Tiwari et al., 1989; Slide
No. 57/3, T45

10.  Striatopodocarpites globosus Maheshwari, 1967a; Slide No. 57/3,
R39/3-4

11.  Crescentipollenites fuscus Bharadwaj et al., 1974; Slide No. 57/ 2,

14.  Distriatites bilateralis Bharadwaj, 1962; Slide No. 57/2, F51/2-F52/1

15.  Arcuatipollenites ovatus (Goubin) Tiwari & Vijaya, 1995; Slide No.
51/5,R31/1-3

16.  Arcuatipollenites pellucidus (Goubin) Tiwari & Vijaya, 1995; Slide
No. 51/3, K58/3—+4

17.  Dicappipollenites crassus (Sinha) Tiwari & Vijaya, 1995; Slide No.
57/ 4, U57/3-V57/1

18.  Corisaccites alutus Venkatachala & Kar, 1966; Slide No. 57/ 4, R68/3

19.  Alisporites grobus Bharadwaj & Tiwari, 1977; Slide No. 51/1, P30

20.  Klausipollenites sp. Slide No. 57/ 6, R36/3

21.  Brachysaccus sp. Slide No. 51/4, W51/1-3

22.  Weylandites minutus Bharadwaj & Srivastava, 1969; Slide No. 51/1,
M/33
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Table 1—The geological succession recorded from Chalburdi area of Chandrapur District, Maharashtra (after Raja Rao, 1982).

eastern extremity)

Age Group/Formation Lithology
Recent - Alluvial gravel beds, black cotton soil
? Eocene Deccan Trap Basalts
Unconformity:
Cretaceous Lameta Formation Limestones, cherts and silicified sandstones
Unconformity
Upper Triassic Maleri Formation (only in the south | Fine— to medium—grained sandstone and red

shales

Upper Permian—Lower Triassic | Kamthi Formation

Red, brown and variegated sandstones, reddish
siltstones and variegated shales

Unconformity:
Lower Permian Barakar Formation Light grey to white sandstones, shales and coal
seams
? Upper Carboniferous— Talchir Formation Tillites, turbidites, varves, needle shales and
Lower Permian sandstones
Unconformity:

Precambrian Sullavai sandstones White to light brown quartzitic sandstones,
conglomerates
Overlap
Pakhal Limestone | Grey bluish or pinkish limestones and cherts
Unconformity:
Archaean | Quartzites, granite gneisses, etc.

CORRELATION WITH THE GONDWANA BASINS
IN INDIA

DAMODAR BASIN

The present assemblage compares well with latest
Permian, Densipollenites magnicorpus dominant assemblage
recorded from the Raniganj Formation of Damodar Basin
(Tiwari & Tripathi, 1992).

The Striatopodocarpites—Faunipollenites assemblage in
association with high incidence of Densipollenites recorded
from the Chalburdi area closely corresponds with Late
Permian assemblages recorded from several areas of Raniganj
Coalfield, viz. {Srikanta Murthy (2010); Srikanta Murthy et
al., (2010); Vijaya (2011); Vijaya & Tiwari (1987); Bharadwaj
& Tiwari (1977); Tiwari & Singh (1983); Singh & Tiwari
(1982); Rana & Tiwari (1980) and Tiwari et al., (1992)}.

East Bokaro Coalfield
The Chalburdi palynoflora is also comparable with

the latest Permian palynoassemblage retrieved at the depth
interval of 13.00-91.00 m from Bore—hole EBM—-1 (Vijaya

et al., 2012a) from East Bokaro Coalfield of the Damodar
Basin, as it contains the prevalence of Densipollenites
and Striatopodocarpites along with Faunipollenites,
Crescentipollenites, Verticipollenites, Arcuatipollenites,
Rhizomaspora and Playfordiaspora.

North Karanpura Coalfield

Kar (1968) reported a palynoassemblage from Bore—hole
K-3 from North Karanpura Coalfield, having the dominance
of striate bisaccates Strotersporites and Striatopodcarpites
and sub—dominance of Densipollenites. This assemblage
may be compared with the present finding with respect
to the sub—dominance of Densipollenites. A similar
palynoassemblage has also been recorded from the south
Karanpura Coalfield by Srikanta Murthy et al. (2014) having
dominance of striate bisaccates chiefly Striatopodocarpites
besides, Crescentipollenites, Klausipollenites, Falcisporites,
Krempipollenites and Arcuatipollenites. However, the genus
Densipollenites is absent in the latter and therefore, the
assemblage of South Karanpura Coalfield is comparatively
older than the present findings.
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Table 2—Showing the details of the lithological succession intersected in the Bore—hole CHB-5 from Chalburdi area, Chandrapur District, Maharashtra.

Sample No. Depth (in meter) Lithology Remarks

1 51.00 Greenish clay Productive

2 57.00 Green shale Productive

3 66.00 Green shale Non productive
4 72.10 Red shale Non productive
5 78.00 Red shale Non productive
6 84.00 Red shale Non productive
7 87.00 Red shale Non productive
8 93.00 Red shale Non productive
9 108.00 Red mudstone Non productive
10 117.00 Red mudstone Non productive
11 126.00 Red mudstone Non productive
12 207.00 Red mudstone Non productive
13 213.00 Green shale Non productive
14 224.00 Red mudstone Non productive
15 295.00 Greenish shale Non productive

RAJMAHAL BASIN Arcuatipollenites, Alisporites and Klausipollenites which

The palynoassemblage VIII recovered from Pachami
area, (Vijaya, 2006) correlates well with the Chalburdi
palynoassemblage in view of dominance of Striatopodocarpites
followed by Densipollenites. It also compares well with
palynoassemblage VIII recovered from Deocha—Pachami
area of the Birbhum Coalfield (Vijaya, 2009) in having
dominance of Densipollenites and sub—dominance of
Striatopodocarpites along with Crescentipollenites and
Faunipollenites. Palynological studies carried out by Tripathi
(1986, 1989) from Rajmahal Basin has shown the abundance
of Striatopodocarpites followed by Faunipollenites,
Crescentipollenites, Alisporites Verticipollenites, Striatites,
Rhizomaspora and Lunatisporites and is broadly comparable
with the present study. However, it differs from the present
assemblage as it has shown absence of genus Densipollenites,
thus, the Rajmahal palynoflora is comparatively older in age
than the present assemblage.

SATPURA BASIN

The palynoflora recorded from the sediments exposed
in Sukh Tawa Nala section of Bijori Formation from the
Satpura Basin (Bharadwaj ef al., 1978), Tamia Ghat Road,
Chhindwara District, Madhya Pradesh (Kumar, 1996) and
palynoassemblage IV recovered from the area of Parasia,
Pench Valley Coalfield (Srikanta Murthy et al.,, 2013) has
shown the dominance of Striatopodocarpites associated
with Faunipollenites, Densipollenites, Playfordiaspora,
Corisaccites, Guttulapollenites, Crescentipollenites,

corresponds closely with the present palynofloral assemblage.
SON-MAHANADI BASIN

The palynoassemblages of Chalburdi area is also
comparable with that of Singrauli Coalfield (Vijaya et al,
2012b), Assemblage B from Middle Pali out—crop exposed
near Dargaon and Salaia villages (Ram—Awatar, 1987; Tiwari
& Ram—Awatar, 1986), Gopat River bed, east of Nidpur
bed (Maheshwari, 1967b), Jeer—Daser Road, Son Valley
(Tiwari & Anand-Prakash, 1974), and Bore-hole JHL 24
of Johilla Coalfield (Tiwari & Ram—Awatar, 1987, 1989)
with regards to the abundance of Densipollenites along with
Striatopodocarpites and Faunipollenites. The other taxa of
significance, viz. Crescentipollenites sp., Weylandites sp.,
Guttulapollenites hannonicus and Arcuatipollenites pellucidus
are found in relatively fair quantity.

Similarly, the palynoassemblage—II of Bore—hole
SKM—6 from Mithauri—Kelmania Sector, Sohagpur Coalfield
(Ram—Awatar et al.,, 2004) has indicated the presence of
Striatopodocarpites, Faunipollenites, Crescentipollenites,
Rhizomaspora, Arcuatipollenites and Alisporites. However,
the present assemblage lacks the existence of Densipollenites
and therefore appears to be older than the assemblage recorded
from Chalburdi area.

The assemblages known from the sediments exposed
in Madalia River Section and representing the westernmost
part of Talcher Coalfield (Tiwari et al., 1991) and several
sub—surface sediments collected from different bore—holes
from same areca by Tripathi and Bhattacharya (2001) also
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compare well with the present finds in having dominance
of Densipollenites, Striatopodocarpites, Faunipollenites,
Crescentipollenites, Verticipollenites and Rhizomaspora.

WARDHA-GODAVARI BASIN

The comparable palyno—assemblages displaying the
existence of Striatopodocarpites—Faunipollenites complex
along with high frequency of Densipollenites are also known
from Mailaram area (Jha & Aggarwal, 2012), Budharam area
(Srivastava & Jha, 1995), Sattupalli area (Srivastava & Jha,
1994), Gattugudem area (Jha, 2002), Bottapagudem area
(Jha, 2004), Gauridevpet area (Jha et al., 2014), Manuguru
area (Srivastava & Jha, 1992) of the Godavari Basin and
palynoassemblage I of Bore—hole DGW—6 from Bazargaon
area of Kamptee Coalfield (Srivastava & Bhattacharyya,
1996) .

DISCUSSION AND AGE

The Gondwana sediments of peninsular India display
dissimilarities in the sedimentation patterns in individual
basins and therefore, are described under varied names,
e.g. the sequence described as Motur and Bijori formations
in Satpura Gondwana Basin, is believed to be the time
equivalent of Barren Measures Formation and the Raniganj
Formation of the Damodar Basin respectively. Similarly, the
lower part of the Kamthi Formation of the Godavari Valley
Coalfield (Mukhopadhyay et al., 2010) also correlated with
that of the Raniganj Formation of Damodar Basin. However,
these sediments display broad palynofloral similarities which
suggest that there existed almost similar vegetational pattern
in different Indian Gondwana basins.

Tiwari and Tripathi (1992) have recorded three
palynoassemblage zones for the late Permian sediments of
Damodar Basin. (1) Densipollenites densus assemblage or
zone VII, (2) Gondisporites raniganjensis assemblage or
zone VIII and (3) the youngest Densipollenites magnicorpus
assemblage or zone IX. The zone VII belongs to Barren
Measures Formation (early late Permian), while zone VII
and IX are assigned to Raniganj Formation (late Permian).

The palynocomposition recorded from Chalburdi
area equates well with the Densipollenites magnicorpus
assemblage or zone IX of Damodar Basin (Tiwari & Tripathi,
1992) with respect to the dominance of Densipollenites in
association with subdominance of striate bisaccate such as
Striatopodocarpites and Faunipollenites. Other significant
palynomorphs includes Crescentipollenites, Striatites,
Distriatites, Corisaccites, Arcuatipollenites, Alisporites
and Klausipollenites. In view of this, the palynoassemblage
described herein, has been assigned a late Permian age.
The present palynoassemblage also compares with the late

Permian palynoassemblage recorded form other Gondwana
basins of peninsular India.

Although minor discrepancies in the palyno—composition
may be noticed between the palynoassemblages of the
Godavari Graben and those of Chalburdi area, still a broad
correlation is feasible. The taxa similar to and shared between
the two include Densipollenites and Striatopodocarpites
along with Faunipollenites, Crescentipollenites,
Verticipollenites, Corisaccites, Arcuatipollenites, Alisporites
and Klausipollenites.

The age control for the present sequence from Chalburdi
area is ascertained from its comparison with previously known
similar palyno—assemblages from several other Gondwana
basins of the peninsular India (Table 3). Comparison and
tentative correlation with similar zones has been erected in
the region. However, considering the limiting factors, such as
the disparity in the frequency and distribution of palynotaxa
in different Gondwana basins of peninsular India, some local
variations might exist in the area.

CONCLUSIONS

Based upon the palynological studies, it is inferred that
late Permian (Lower Kamthi) Sequence has been deposited in
Chalburdi area, Chandrapur District, Wardha Valley Coalfield
Maharashtra. This palynoassemblage has displayed closer
degree of similarity with the Late Permian palynoassemblages
recorded from the Damodar, Son-Mahanadi and Rajmahal
basins in having the dominance of Densipollenites followed
by Striatopodocarpites palynomorphs. It also resembles
closely with the late Permian palynoassemblage of Wardha—
Godavari and Satpura basins as it contains sub—dominance of
Striatopodocarpites and Faunipollenites and shows presence
of Densipollenites. However, minor differences have been
noticed between the palynoassemblages of Godavari and
Satpura basins and the assemblage recorded from Chalburdi
areca which suggests that almost similar Glossopteris rich
floral elements proliferated with existence of warm and humid
climatic conditions prevailed in these different basins with
sufficient water availability.

Tiwari and Singh (1986) based upon their palynological
studies from Johilla Coalfield, South Rewa Gondwana Basin
Madhya Pradesh have noticed that the genus Densipollenites
exhibits maximum diversity in Raniganj Formation. The
species recorded include Densipollenites indicus, D. invisus,
D. densus, and D. magnicorpus in assemblage. It is further
inferred that the species Densipollenites magnicorpus is
recorded from the uppermost part of the Raniganj Formation.
In present palynoassemblage of Chalburdi area the dominance
of Densipollenites magnicorpus has been observed which
justifies the inference that these sediments represent the Lower
part of the Kamthi Formation equivalent to the Raniganj
Formation of Damodar Basin indicating a late Permian age.
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Table 3—Latest Permian palynoassemblage known from the Indian Peninsula.

Gondwana Basins Coalfields/Area

References

Raniganj Coalfield

Damodar Basin

Srikanta Murthy et al., 2010; Vijaya, 2011; Vijaya & Tiwari,
1987; Bharadwaj & Tiwari, 1977; Tiwari & Singh, 1983; Singh
& Tiwari, 1982; Rana & Tiwari, 1980; Tiwari et al., 1992

East Bokaro Coalfield

Vijaya et al., 2012a

Karanpura Coalfield Kar, 1968; Srikanta Murthy et al., 2014
Rajmahal Basin Birbhum Coalfield Vijaya, 2006, 2009; Tripathi, 1986, 1989

Singrauli Coalfield Vijaya et al., 2012b

Talchir Coalfield Tiwari et al., 1991; Tripathi & Bhattacharya, 2001

Johilla Coalfield Tiwari & Ram—Awatar, 1987; Tiwari & Ram—Awatar, 1989
Son—-Mahanadi Basin Sohagpur Coalfield Ram—Awatar et al., 2004

Dargaon and Salaia village | Ram—Awatar, 1987

Gopat River Bed Maheswari, 1967b

Jeer—Daser Road

Tiwari & Anand—Prakash, 1974

Shivapura Coal Mine Srikanta Murthy et al., 2013
Satpura Basin Tamia Ghat Road Kumar, 1996

Near Sukh Tawa Nala Bharadwaj et al., 1978

Kamptee Coalfield Srivastava & Bhattacharyya, 1996

Mailaram area

Jha & Aggarwal, 2012

Budharam area

Srivastava & Jha, 1995

Sattupalli area

Srivastava & Jha ,1994

Wardha—Godavari Basin Gattugudem area

Jha, 2002

Bottapagudem arca

Jha, 2004

Gauridevpet area

Jha et al., 2014

Manuguru area

Srivastava & Jha, 1992

Chalburdi area

Present study
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