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Abstract

Behavioral responses of organisms with respect to changing environment have a wide area of research
possibility. For a palaeontologistit is a challenge to interpret the organism-sediment interaction from the
study of the trace fossils preserved in the ancient rock record. Theethological significance which is
derived out of different intentional or accidental activities of the organisms may be preserved within the
rock and is largely controlled by the substrate stability, grain size of the sediments, energy and rate of
sedimentation of the driving process, typesof nutrients and its supply, salinity, temperature and oxic/sub-
oxic/an-oxic conditions etc.So, the viability of this study insensustricto depends on the preservation
potential of the organism as a whole or in parts or its activities (indirect evidences) on or within the
substrate upon which they have survived thousands and millions of years ago. The indirect evidences of
the organism’s activities may beits locomotory/respiration/feeding/resting/dwelling/predating traces etc.
which have different nomenclature based on their morphological classification.The study area
encompassing the major river section of the Barakar, Khudia, Ajoy holds partly enriched and partly
impoverished trace fossils within the sedimentary rocks hosting huge reserves of coal. There are several
concepts regarding the depositional setting of the studied basin likeformerly interpreted fluvio-lacustrine
depositional model to recently reinterpreted fluvio-tide-wave dominateddepositional model.Several
invertebrate traces have been recorded from the study area namely Planolites, Thalassinoides,
Ophiomorpha, Palaeophycus, Cylindrichnus, Diplocraterionwhich indicatesdiverse environmental
settingsranging from supratidal/intertidal/subtidal to continental shelves whereasother solo/uniform
traces observed like Chondrites, Skolithos,Rhizocoralliumetc. are indicator of shallow subtidal to marine
quite water setting. Here the additional challenges include the lack of ample exposures, weathered
exposed rock sections, inaccessible mine cut sections, absence of body fossils and controversial
identification of trace fossils in differential erosive surfaces. This chapter in short has tried to mitigate
these problems by the integrated sedimentary and ichnological facies association studies indelineating

the depositional environment of the studied basin.
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1. Historical Background

Sedimentary rocks may hold record of organism activities in the form of burrows, trails, tracks, boring
etc. As a result, the study of the trace fossils thereafter evolved looking into the different aspects on the
behavioral pattern of the trace makers and trace fossil assemblage with response to different sedimentary
depositional setting. For an ichnologist (a special branch of palaeontology) it is a challenge to interpret
the organism-sediment interaction from the study of the trace fossils preserved in the ancient rock
record. Sediments are bioturbated for numerous reasons and among various types of bioturbations,
burrows are the prime topic of discussion in this chapter. Organisms may produce traces intentionally or
accidently, for suspension/deposit/surface feeding, dwelling, resting, respiratory, ploughing, escaping
processes etc. [1]. However, traces produced by burrowing for protection is also very common where
sediments may shield the organism’s giving protection from the predators [1]. The ichnological study
since its inception bears two-fold manifestations in respect of biology and sedimentology [2]. There is
distinct sedimentological, morphological, biological and other physico-chemical contrast between
burrows within softground, looseground, soupground, firmground and hardground where organisms
accustomed to a particular habitat may not survive in different one [1,2]. The tendency of assessing
paleo-depositional environment with the aid of ichnology is much older and examples of interpreting
trace fossils for entitling the sedimentary succession of Apennines by Leonardo da Vinci as marine may
be cited [3]. These biogenic structures have been classified as toponomically — in connection with
preservation within the substrate, biologically — in connection with the responsible organism,
ethologically — in connection with organism’s behavioral response and systematically — in connection
with morphology[4]. So, the concept and modern methodology on the ichnology/trace fossil study has
started taking its shape from 1950s and 1960s and after that many modifications have been made into the
classification system [5,6]. Among these four classifications only the systematically one is known as
ichnotaxonomy and is used for providing names to these biogenic activities [2].Initially, the standardized
terminology was used[7] for describing a trace fossil and subsequent development was seen in the
manuscript of many workers [8,9,10].Recent development ofichnological studies have penetrated the
limit of facies interpretation, palaeo-environmental reconstruction, identifying discontinuities and
prospecting and exploring hydrocarbon resources [2].Ichnologist, who works with the trace fossils must
pay attention during diagnosis at places where the absence of body fossils imparts partial knowledge
about the trace making organisms. Vertebrates are not as sensitive as invertebrates to environmental

conditions [11,12], and their behavioral traits preserved as traces (e.g., trackways) cross environments
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with different physicochemical characteristics.Sedimentary processes that lead to the formation of
sedimentary rock record simultaneously affect the biological remnants (both fossils and trace fossils) [2]
and so the substrate properties determining different habitat of organism is of outmost importance [13].
There are several concepts regarding the depositional setting of the Barakar Formation, Raniganjbasin,
India,from formerly interpreted as fluvio-lacustrine depositional setting[14-21]to recently reinterpreted
fluvio-tide-wave dominated depositional model [22-29]. The sedimentary rocks of Barakar Formation
from other basins of India hosts evidences of trace fossils [30-33]. Since the above mentioned
sedimentary depositional setting of the recent study reflect a mixed fluvio-estuarine environment
[34]reassessment of the inferred model from ichnological point of view seems essential.

2. General Geology of the Study Area

The Raniganj basin in the eastern part of peninsular India within Son-Damodar Valley lineament which
hosts approximately 2000 meters thick rock successions of lower and upper Gondwana supergroup [35].
The study area of Barakar Formation, Raniganj Basin, India encompassing the major river section of the
Barakar and Khudia and few mine cut sections (Figure 1) holds partly enriched and partly impoverished
trace fossils and imprints of some Gondwanan flora (lower Permian) within the sedimentary rocks
hosting huge reserves of coal. The E-W trending southern boundary fault of Raniganj basin extends
between Panchet hill in the west to Andal in the east. This fault is normal fault produced by rifting [36]
is responsible for the development of half-graben type basin for which the thickness of the basin
increases towards south. Apart from this, intrabasinal growth faults [37,38] formed during the process of
sedimentation is evident by sudden appearance of coarser sediments, splitting of the coal seams across
faults etc. within this basin. There are several concepts regarding the depositional setting of the studied
basin like formerly interpreted fluvio-lacustrine depositional model [14-21]to recently reinterpreted
fluvio-tide-wave dominated depositional model [22-29]. The lower Barakar is characterized by alternate

sandstone-shale-coal with finer clastics predominates in the upper part of the Barakar Formation [27,28].

3. Sedimentary Facies

Along with the study of trace fossils understanding the sedimentary facies and stratigraphy is also
essential. A single or multiple distinctive sedimentary rock bed/ beds formed under certain conditions,
reflecting particular process is known as sedimentary facies [39]. The lithofacies of the study areas are
classified on the basis of bulk composition of the sediments where the dominant sedimentary structures,
bed dimension, geometry, palaeocurrent directions, bed contacts and alternating coal horizon have

become the benchmark for the characterization of different facies. The sedimentary facies observed here
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are (i) channel-fill cross-bedded sandstone facies (F1), (ii) trough cross-stratified sandstone facies (F2),
(iif) massive to faintly laminated sandstone facies (F3), (iv) plane-parallel laminated sandstone facies
(F4), (v) planar cross - stratified sandstone facies (F5), (vi) ripple laminated sandstone facies (F6), (vii)
hummocky cross- stratified sandstone facies (F7), (viii) wavy-laminated siltstone-mudstone facies (F8),
(ix) heterogeneous mudstone-siltstone facies (F9), (x) laminated mudstone facies (F10), (xi) lenticular
laminated siltstone-mudstone facies (F11) and (xii) coal facies (F12).

4. Systematic Ichnology

The rock samples collected from the study area showing abundant traces are cut by rock cutting machine
which is then polished and scanned for better identification. The photographs used in this chapter are
either actual field photographs or aforesaid scanned photographs. Within the Barakar Formation,
Raniganjbasin several invertebrate traces have been recorded from the study area namely Planolites,
Diplocraterion, Skolithos, Palaeophycus, Rosselia, Rhizocorallium, Thalassinoides, Ophiomorpha,
Chondrites, Cylindrichnusichnotaxons. The traces that are obtained within the study area are seen to be
concentrated within some particular horizons, especially in F6, F8, F9, and F11. But its maximum
concentration is seen within F8 and F9. The identification and figure of these ichnotaxons is represented

in Table 2 and Figure 2.

5. Discussion

The sedimentary rocks as observed from the upstream towards downstream of the Barakar and Khudia
Nala sections show characteristic changes. So, the sedimentary facies are grouped into four facies
associations based on textures, structures, geometry, palaeo-current indicators and lateral facies
transition and position of the facies on the dip-oriented transact downdip.

The basal part of the Barakar Formation begins with the coarse-grained channel filled pebbly sandstone
units representing fluvial channel facies association (FA-1). Whereas the upper part is characterized by
tidal sand bar facies association (FA-2). In each sequence the thickness of individual bed decreases
upward and is in the range of millimeter scale alteration. Tidal flat facies association (FA-3) is
constituted of tide dominated sedimentary facies which include siltstone-mudstone heteroliths, lenticular
wavy laminated siltstone-mudstone facies. Heterogenous mudstone-siltstone facies, wavy laminated
siltstone-mudstone facies and hummocky cross-stratified sandstone facies characterize most of the upper
Barakar Formation and is represented as central estuary facies association (FA-4). The interpretation of
the depositional environment on the basis of sedimentary facies association characterizing the Barakar

Formation, Raniganj basin, India is given in Table 1.
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Similarly, depending upon the presence of the trace fossils within different lithounits they are broadly
clubbed into three ichnofacies assemblages viz. IFA 1, IFA 2 and IFA 3. The interpretation from the
ichno-assemblage studies may indicate the palaeo-environmental condition [40,41,42]. Hence, Table 2.
is constructed to analyze the environmental settingafter proper identification of the
ichnofaciesandstudying their ichnofacies-assemblages.

This integrated sedimentary facies association and icho-facies assemblages together reflects a
depositional / environmental setting where there are ample noises of tide and wave. Looking into the
sedimentary facies association where the FA-1 represent the lower part of the Barakar succession is
ascribed as fluvial dominated sedimentation. The further up-sections are successively represented as
sedimentation within tidal sand bar, tidal flat and central estuarine system.

Likewise, the ichno-facies assemblages viz. IFA 1, IFA 2 and IFA 3 are indicative of lower intertidal to
shallow subtidal, permanently subtidal and intertidal to subtidal settings respectively.

The generalized sedimentary log of the Barakar Formation, showing sedimentary facies associations and
ichnofacies-assemblages exposed along the Barakar river and Khudia Nala, Raniganj basin, India, is
given in Figure 3. Now, after seeing the arrangement of the sedimentary facies associations with respect
to the ichofacies-assemblage it could be narrated that the FA-1 is devoid of ichnofacies because of the
higher energy, fresh water condition and less supply of organic detrital that it might have received
further downstream by tide/wave action. But, further upward in the succession within tide/wave derived

sediments depauperate and sometimes enriched ichnotaxons have been observed.

6. Conclusion

e The sedimentary rocks of the Barakar Formation, Raniganj basin, holds ample signatures of tide
and wave, especially from the upper part of the Barakar succession. Likewise, report of such
marginal marine activities within sediments of Barakar Formation from other Gondwana basins
of India are also obtained[25,26].

e The trace fossils so obtained and their ichnofacies-assemblages signifies inter-tidal to sub-tidal
setting. Similar representations are also obtained by the analysis of the trace fossils study from
Barakar Formation of other Gondwana basins of India as well[30-33].

e The sedimentary facies coupled with the analyses of the ichno-facies assemblages recorded
within the sedimentary successions of Barakar Formation, Raniganj basin, India, further
strengthen the evidences of tide-dominated partly wave influenced associated with the fluvial

sedimentation.
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e After careful consideration of the variation of the processes inducing sedimentary structures and
distribution of the ichnofacies-assemblages which are controlled by various factors like process
operating, rate of sedimentation,variability of food etc. it may be concluded, that the Barakar
Formation, Raniganj basin, was a part of tide-dominated estuarine setting.Similar tide dominated
settings has been recorded during Carboniferous-Permian time from USA Midcontinent and are

preserved within equatorial carbonate / siliciclastic cyclothems.

Table 1: Establishing the relationship between sedimentary facies, sedimentary facies association and
sedimentary depositional environment of Barakar Formation, Raniganj basin, India[43].

SI. | Sedimentary | Sedimentary facies Sedimentary depositional environment
No. | facies Association

1 F1, F2, F3, Fluvial channel facies | The small-scale fining upward depositional
F4,F10 association (FA1) units of dominantly  cross-stratified
sandstone with erosional and concave-up
base indicate deposit within channels
[44,45]. The scattered unidirectional
palaeoflow pattern suggests meandering
fluvial nature of the channel. Presence of
basal pebble or granular clasts followed by
cross stratification, parallel laminated
sandstone and laminated mudstone within
channel geometry is the results of high and
low energy flow fluctuations of fluvial
environment. Moreover, numerous erosive
bases of episodic channel incision,
palaeocurrent data indicates often shifting
of the channel.

2 F4, F5, F11 | Tidal sand bar facies The sand / silt lenses, bi-directional cross-
association (FA2) strata, reactivation surfaces, sigmoidal
bedding indicates deposition from tidal
currents with fluctuating current speed and
direction [46-49].The heterolithic
stratification and high mud content in the
distal part of the tidal channel indicates
lower energy conditions and suggests
deposition along the flanks of the tidal
channels [50]. Such bars are characteristics
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of seaward portions of most macrotidal
environment  [51,52,53]. The overall
geometry and sediments indicate it to be a
part of tidal sand bar.

3 F4, F6, F9 Tidal flat facies The mm to cm scale cross strata bundles
association (FA3) characterized by sandy foresets and mud
drapes are interpreted as tidal bundles
produced by migration of bedforms. Mud
drapes indicate pause planes formed during
slack water phases. Reactivation surfaces
are the products of velocity asymmetry of
tidal energy.Vertically accreted tidal
bundles with planar laminated interbeds
attest to the development in the upper
intertidal-flat domain [54,55].Sandy ripple
troughs with mud flasers signify periodic
flow fluctuations in subtidal to intertidal
zones [25,46]. Presence of combined flow
ripples and association with other facies
associations  having combined  flow
signatures indicate that the wave ripples
actually formed in tidal flat.

4 F8, F6, F4, Central estuary facies | Wave dominated condition exists in the
F7 association (FA4) seaward flanks of the outer estuary [56,57].
The wave dominated part indicates open
coast adjacent to an estuary[58,59]. Wave
ripples forming the above wave base with
flat topped and presence of ladder-back
ripples suggest intermittent exposure of the
rock so the rocks are of shallow coastal
origin.The upper inter-tidal and supra-tidal
parts of the tidal flats, with very low
gradients and a muddy substrate, dampen
storm waves significantly [60] and may
preserve tide-generated structures under a
thick cover of wavy or hummocky
laminated deposit [61].
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Table 2. Showing the observed ichnotaxons, their identification, ichnofacies assemblages and their

environmental interpretation.

Ichnotaxons Identification Ichnofacies- Environment
assemblage
Ophiomorpha Ophiomorpha  burrow may be | IFA-1 Lower intertidal to
[62] horizontal / inclined or vertical lined _ shallow  subtidal
(Figure 2H) with  agglutinated  pelletoidal Skolithos settings, tidal inlets
sediments. Interiorly smoothly lined and channels,
but mammilated exteriorly. It is a sandy shoals and
simple to complex burrow system bars.
[63] lined at least partially with
. . . [64,65,66]
agglutinated pelletoidal sediment
[modified after 64].
Palaeophycus Essentially cylindrical,
[67] predominantly sub-horizontal,
(Figure 2E) straight or slightly curved or slightly
undulose, ornamented or smooth,
branched or unbranched, lined
burrows.  Bifurcation is  not
systematic, nor does it result in
swelling at the ramification points.
The burrows do not wind or coil.
Burrow filling typically massive,
similar to host rock.
Planolites Unlined, rarely branched, straight or | IFA-2 Permanently
[68] tortuous, smooth or ornamented, ) subtidal settings.
(Figure 2D) irregularly walled or annulate Cruziana
burrows, circular to elliptical in [65.80,81]
cross-section, predominantly
horizontal, but bedding penetrative.
The dimensions and configurations
are variable and the fill is essentially
massive.
Diplocraterion (After 76) “Vertical U-shaped
[69] spreiten burrows; dwelling burrows
(Figure 2A) of suspension-feeders.”
Cylindrichnus Vertical subcylindrical to subconical
[70] constitute of a central core and an
(Figure 2G) exterior wall concentrically
laminated. Circular to elliptical in
[JFMR23026843 Volume 5, Issue 2, March-April 2023
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cross-section [77].

Thalassinoides

Commonly cylindrical to elliptical

[71] burrows of variable diameter
(Figure 2C) forming three-dimensional network
connected where vertical shaft
connects to the surface. Burrows
show T- or Y-shaped bifurcations
and swellings at branches.
Planolites Already mentioned above. IFA-3 Intertidal to
Nicholson, 1873 _ subtidal settings.
Diplocraterion Already mentioned above. Skolithos-
Torell, 1870 Cruziana [64,65,80,81]
Rosellia Conical to irregularly bulbous or
[72] funnel shaped structures, vertical to
(Figure 21) horizontal, consisting either of a
small central burrow surrounded by
broad, concentric, cone-in-cone
laminae, or of spreite-like helicoid
swirls surrounding a cone, both
tapering downward to a
concentrically walled, subcylindrical
stem. Interpreted as feeding
structures of vermiform animals.
Chondrites Branched tunnel system forming
[73] dendritic pattern consisting of fewer
(Figure 2B) master shaft [78, 79].
Palaeophycus Already mentioned above.
Hall, 1847
Rhizocorallium U-shaped endichnial burrow,
[74] unbranched with protrusive
(Figure 2J) sprietened burrow. Limbs more or
less parallel and distinct; tube
diameter / diameter of spreite>1:5
[after 76].
Skolithos Straight tubes or pipes perpendicular
[75] to bedding plane, shafts parallel to
(Figure 2F) each other. Burrow wall distinct or
indistinct, smooth to rough, some
specimens annulated.
[JFMR23026843 Volume 5, Issue 2, March-April 2023
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Figure 1. (a) Map of India showing distribution of Gondwana provinces in Peninsular India [modified
after 82]. Note the location of Raniganj basin.
(b) Generalized geological map of the Raniganj basin [modified after 27,83]. The study areas are marked

as 1: Khudia River, 2: Barakar River, and 3: Ramnagar—Chapatoria open pit area.
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Figure2. Identified ichnotaxons from Barakar Formation, Raniganj basin, India. A — Diplocraterion, B —
Chondrites, C — Thalassinoides, D — Planolites, E — Palaeophycus, F — Skolithos, G — Cylindrichnus, H —

Ophiomorpha, | — Rosselia and J — Rhizocorallium.
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Figured4. Generalized sedimentary log of the Barakar Formation, showing sedimentary facies
associations and ichnofacies-assemblages exposed along the Barakar river and Khudia Nala, Raniganj
basin, India.

References

1. Bromley, R.G.,Animal Sediment Relationship, in: Trace Fossils: Biology, Taphonomy and
Applications, Second Edn., pp. 1-7, Springer Science, 1996.

2. Knaust D. and Bromley, R.G., A History of Ideas in Ichnology, in: Trace fossils as indicators of
sedimentary environments, v. 64, pp. 1-43,Development in Sedimentology, 2012.

3. Baucon, A., Leonardo da vinci, the founding father of ichnology, v. 25, pp. 361-367, Palaios, 2010.

4. Seilacher,A.,StudienzurPalichnologie. 1. Uber die Methoden der Palichnologie. Abh. 96, pp. 421-
452, N.Jb. Geol. Paldont, 1953.

5. Frey, R.W. and Seilacher, A., Uniformity in marine invertebrate ichnology, v.13, pp. 183-207,
Lethaia, 1980.

6. Miuller, A.H., Zurlchnologie, Taxiologie und OkologiefossilerTiere. FreibergerForschungs-hefte
C151, pp. 549, 1962.

7. Frey, R.W., Concepts in the study of biogenic sedimentary structures. J. Sediment.Petrol. v. 43, pp.
6-19, 1973.

8. Haintzschel, W., Trace fossils and problematica, in: C. Teichart (ed.), Treatise on Invertebrate
Paleontology, Pt. W, Miscellanea, Supplement 1. Geological Society of America and the University
of Kansas Press, Lawrence, p. 1-269, 1975.

9. Ekdale, A.A., Bromley, R.G., Pemberton, S.G., Ichnology. The Use of Trace Fossils in
Sedimentology and Stratigraphy. SEPM Short Course, v.15, pp. 317, 1984.

10. Bromley, R.G., Trace Fossils: Biology, Taphonomy and Applications. Chapman & Hall, London, pp.
361, 1996.

11. Wallwork, J.A., Ecology of soil animals. London: McGrawHill, 1970.

12. Hole, F.D., Effects of animals on soils, v. 25, pp. 75-112, Geoderma, 1981.

13. Bertling, M., Braddy, S.J., Bromley, R.G., Demathieu, G.D., Genise, J.F., Mikulas, R., Nielsen, J.K.,
Nielsen, K.S.S., Rindsberg, A.K., Schlirf, M., Uchman, A., Names for trace fossils: a uniform
approach. Lethaia, v. 39, pp. 265-286, 2006.

14. Casshyap, S.M., Sedimentary cycles and environment of deposition of the Barakar Coal measures of
Gondwana, India. Journal of Sedimentary Petrology, v. 40, pp. 1302-1317, 1970.

15. Casshyap, S.M., Paleocurrent and paleogeographic reconstruction in the Barakar (Lower Gondwana)
sandstones of Peninsular India. Sedimentary Geology, v. 9, pp. 283-303, 1973.

16. Casshyap, S.M., Pattern of sedimentation in Gondwana Basins. Proceedings Volume [Vth
International Gondwana Symposium, v. 2, pp. 525-551, 1979.

17. Casshyap, S.M., Qidwai, H.A., Palaeocurrent analysis of Lower Gondwana sedimentary rocks.
Panch Valley Coalfield. Madhya Pradesh (India). Sedimentary Geology, v. 5, pp. 135-145, 1971.

18. Raja Rao, C.S., Coalfields of India. Bulletin Series A, Geological Survey of India, v. 45, pp. 1-335,
1987.

19. Casshyap, S.M. and Tewari, R.C., Depositional models and tectonic evolution of Gondwana basins
of Peninsular India. The Palaeobotanist, v. 36, pp. 59-66, 1988.

IJFMR23026843 Volume 5, Issue 2, March-April 2023 13




Ny International Journal for Multidisciplinary Research (IJFMR)

m

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

20. Casshyap, S.M., Tewari, R.C., Depositional models and tectonic evolution of Gondwana Basin,in:
Venkatachala, B.S., Maheshwari, H.K. (Eds.), India Gondwana: Memoirs of Geological Society of
India, v. 21, pp. 195-206, 1991.

21. Veevers, J.J. and Tewari, R.C., Gondwana master basin of Peninsular India—between Tethys and
the interior of the Gondwanaland-Province of Pangea. Memoirs of Geological Society of America, V.
187, pp. 1-73, 1995.

22. Maitiet al.,1990

23. Mukhopadhyay, S.K., Trace fossils as palaeoenvironmental and sedimentological indices of coal
bearing Gondwana sequence. Proceeding Volume IXth International Gondwana Symposium, v. 1,
pp. 248-254, 1996.

24. Gupta, A., Early Permian palaecoenvironment in Damodar Valley Coalfields, India: an overview.
Gondwana Research, v. 2, pp. 149-165, 1999.

25. Chakraborty, C., Ghosh, S.K., Chakraborty, T., Depositional record of tidal-flat sedimentation in the
Permian Coal Measures of Central India: Barakar Formation, Mohpani Coalfield, Satpura Gondwana
Basin. Gondwana Research, v. 6 (4), pp. 817-827, 2003.

26. Ghosh, S.K., Chakraborty, C., Chakraborty, T., Combined tide and wave influenced on
sedimentation of Lower Gondwana coal measures of Central India: Barakar Formation (Permian),
Satpura Basin. Journal of the Geological Society of London, v. 161, pp. 117-131, 2004.

27. Bhattacharya, B., Bandyopadhyay, S., Mahapatra, S. and Banerjee, S.,Record of tide-wave influence
on the coal-bearing Permian Barakar Formation, Raniganj Basin, India, v. 267-268, pp. 25-35, 2012.

28. Bhattacharya, B., Bandyopadhyay, S. and Banerjee, S., Glossifungitesichnofabric signifying
Crustacean colonization in early Permian Barakar Formation, Talchir Coal Basin, India, Current
Science, v. 110, No. 1, pp. 86-91, 2016.

29. Bhattacharya, B., Bhattacharjee, J., Bandyopadhyay, S., Banerjee, S. and Adhikari, K., Early
Permian transgressive—regressive cycles: Sequence stratigraphic reappraisal of the coal-bearing
Barakar Formation, Raniganj Basin, India, Journal of Earth System Science, pp. 127:29, 2018.

30. Goswami, S., Das, M. and Guru, B.C., Permian biodiversity of Mahanadi Master Basin, Orissa, India
and their environmental countenance, Acta Palaeobotanica, v. 46(2): pp. 101-118, 2006.

31. Goswami, S., Saxena, A., Singh, K.J., Chandra, S. and Cleal, C.J., An appraisal of the Permian
palaeobiodiversity and geology of the Ib-River Basin, eastern coastal area, India, Journal of Asian
Earth Science, v. 157, pp. 283-301, 2018.

32. De, C., Upper BarakarLebensspuren from Hazaribag India, Journal of Geological Society India, v.
36 (4), pp. 430-438, 1990.

33. Srivastava, A.K., Chandra, S. and Singh, K.J., Permian biodiversity of Mahanadi Master Basin,
Orissa, India, and their environmental countenance, Acta Palaeobotanica, v. 46 (2), pp. 101-118,
2010.

34. Bhattacharya, B., Bhattacharjee, J., Banerjee, S., Roy, T. and Bandyopadhyay, S., Palaeogeographic
implications of ichnotaxa assemblages from early Permian Fluvio-marine Barakar Formation,
Raniganj Basin, India, Journal of Earth System Science, v. 130, pp. 12, 2021.

35. Gee, E.R., Geology and coal resources of the Raniganj coal field. Mem. Geological Survey of India,
v. 61, 1932.

36. Gibbs, A.D., Structural evolution of extensional basin margins. J. Geol. Soc. (London), v. 141, pp.
609- 620, 1984.

IJFMR23026843 Volume 5, Issue 2, March-April 2023 14




Ny International Journal for Multidisciplinary Research (IJFMR)

m

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

37. Miall, A.D., Principles of Sedimentary Basin Analysis, 2nd edn. Springer, New York, 1990.

38. Sengor, A.M.C., Sedimentation and Tectonics of Fossil Rifts. In: Busby, C.J., Ingersoll, R.V. (Eds.),
Tectonics of Sedimentary Basins. Blackwell, Oxford, pp. 53-117, 1995.

39. Reading, H.G., Sedimentary Environments: Processes, Facies and Stratigraphy (3™ eds.), Blackwell
Publishing, 1996.

40. Buaitois, L.A. and Mangano, M.G., Ichnology. Organism—Substrate Interactions in Space and Time;
Cambridge University Press, Cambridge, pp. 358, 2011.

41. MacEachern, J.A., Pemberton. S.G., Gingras, M.K., and Bann, K.L., The ichnofacies paradigm: a
fifty-year perspective. In Miller, W.M., 11l (ed.), Trace Fossils: Concepts, Problems, Prospects:
Elsevier, Amsterdam, pp. 52-77, 2007a.

42. MacEachern, J.A., Pemberton. S.G., Bann, K.L., Gingras, M.K., Departures from the archetypal
ichnofacies: effective recognition of environmental stress in the rock record. In: MacEachern, J.A.,
Bann, K.L., Gingras, M.K., Pemberton, S.G. (Eds.), Applied Ichnology, SEPM Short Course Notes,
v. 52, pp. 65-93, 2007h.

43. Banerjee, 2019

44. Dalrymple, R.W., Makins, Y., Zaitlin, B.A., Temporal and spatial pattern of rhythmite deposition on
mudflat in the macrotidal Cobequid Salmon River Estuary, Bay of Fundy, Canada. In: Smith, D.G.,
Reinson, G.F., Zaitline, B.A., Rahmani, R.A. (Eds.), Clastic Tidal Sedimentology Canadian Society
of Petroleum Geologist, Memoirs, v. 16, pp. 137-160, 1991.

45. Willis, B.J., Bhattacharya, J.B., Gabel, S.L. and White, C.D., Architecture of a tide-influenced river
delta in the Frontier Formation of central Wyoming, USA, Sedimentology, v. 46, pp. 667-688, 1999.

46. Reineck, H.E., Wunderlich, F., Classification and origin of flaser and lenticular bedding,
Sedimentology, v. 11, pp. 99-104, 1968.

47. Nio, S.D. and Yang, C.S., Sea-level fluctuations and the geometric variability of tide-dominated sand
bodies, Sedimentary Geology, v. 70 (2-4), pp. 161-193, 1991a.

48. Nio, S.D. and Yang, C.S., Diagnostic attributes of clastic tidal deposits: a review, in Smith, D.G.,
Reinson, G.E., Zaitlin, B.A., and Rahmani, R.A., eds., Clastic Tidal Sedimentology, Canadian
Society of Petroleum Geologists, Memoir, v. 16, pp. 3-28, 1991b.

49. Willis, B.J., Deposits of tide-influenced river deltas, in Giosan, L., and Bhattacharya, J.P., eds., River
Deltas—Concepts, Models, and Examples, SEPM, Special Publication, v. 83, pp. 87-129, 2005.

50. Tanavsuu-Milkeviciene, K. and Bjorklund, P.P., Recognizing tide-dominated versus tide-influenced
deltas: middle Devonian strata of the Baltic basin, Journal of Sedimentary Research, v. 79, pp. 887—
905, 2009.

51. Hayes, M.O., Morphology of sand accumulation in estuaries: an introduction to the symposium. In:
Cronin LE (ed) Estuarine research, Geology and engineering, Academic Press, London, v. 2, pp. 3-
22, 1975.

52. Harris, P.T., Large-scale bedforms as indicators of mutually evasive sand transport and the
sequential infilling of wide-mouthed estuaries, Sedimentary Geology, v. 57, pp. 273-298, 1988.

53. Dalrymple, R.W. and Zaitlin, B.A., Tidal sedimentation in the macrotidal, Cobequid Bay--Salmon
River estuary, Bay of Fundy. Can. Soc. Pet. Geol. Field Guide, 2nd Int. Symp, Clastic Tidal
Deposits, Calgary, Alta., 84, 1989.

IJFMR23026843 Volume 5, Issue 2, March-April 2023 15




Ny International Journal for Multidisciplinary Research (IJFMR)

m

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

54. Kreisa, R.D., Moiola, R.J., Sigmoidal tidal bundles and other tide-generated structures of the Curtis
Formation, Utah, Bulletin of the Geological Society of America, v. 97, pp. 381-387, 1986.

55. Bhattacharya, H.N., Bhattacharya, B., A Permo-Carboniferous tide-storm interactive system: Talchir
Formation, Raniganj Basin, India, Journal of Asian Earth Sciences, v. 27, pp. 303—311, 2006.

56. Pye, K., Evolution of the shoreline of the Dee estuary, United Kingdom. In: Nordstrom KF, Roman
CT (eds) Estuarine shores: evolution, environments and human alterations, Wiley, New York, pp.
15-37, 1996.

57. Tessier, B., Billeaud, 1., Lesueur, P., The Bay of Mont-Saint-Michel northeastern littoral: an
illustrative case of coastal sedimentary body evolution and stratigraphic organization in a
transgressive/highstand context, Bull Soc géol FR, v. 177, pp. 71-78, 2006.

58. Yang, B., Dalrymple, R.W., Chunn, S., Sedimentation on a wave-dominated, open-coast tidal flat,
south-western Korea: summer tidal flat — winter shoreface, Sedimentology, v. 52, pp. 235-252, 2005.

59. Yang, S. L., Zhang, J., Dai, S. B., Li, M., and Xu, X. J., Effect of deposition and erosion within the
main river channel and large lakes on sediment delivery to the estuary of the Yangtze River, J.
Geophys. Res., v. 112, F02005, 2007.

60. Coleman, J.M. and Gagliano, S.M., Sedimentary structures; Mississippi River deltaic plain, Soc.
Econ. Paleontol. Mineral., Spec. Publ., v. 12, pp. 133-148, 1965.

61. Chakraborty, C. and Bose, P.K., Internal structures of sandwaves in a tide-storm interactive system:
Proterozoic Lower Quartzite Formation, India. Sediment. Geol., v. 67, pp. 133-142, 1990.

62. Lundgren, B., Studier 06fverfossilforandelésa block. GeologiskaForeningensi  Stockholm
Forhandlingar, v. 13, pp. 111-121, 1891.

63. Uchman, A., Taxonomy and ethology of flysch trace fossils: revision of the Marian Ksigzkiewicz
collection and studies of complementary material, Annales SocietatisGeologorumPoloniae, Krakow,
v. 68, pp. 105-218, 1998.

64. Howard, J. D. and Frey, R.W., Characteristic trace fossils innershore to offshore sequences, Upper
Cretaceous of east central Utah, Can. J. Earth Sci., v. 21, pp. 200 — 219, 1984.

65. Seilacher, A., Biogenic sedimentary structures. In: Imbrie, J., Newell, N. (Eds.), Approaches to
Paleoecology, Wiley, New York, pp. 296-316, 1964.

66. Hiscott, R.N., James, N.P. and Pemberton, S.G., Sedimentology and ichnology of the lower
Cambrian Bradore Formation, coastal Labrador: fluvial to shallow-marine transgressive sequence,
Bull. Can. Petrol. Geol., v. 32, pp. 11-26, 1984.

67. Hall, J., Palaeontology of New York, C. van Benthuysen, Albany, State of New York, v. 1, pp. 338,
1847.

68. Nicholson, H. A., Contributions to the study of the errant annelides of the older Palaeozoic rocks,
Royal Society of London Proceedings, v. 21, pp. 288-290, 1873.

69. Torell, 0., PetrificataSuecanaFormationisCambricae, Lunds. Univ. Arsskr. 6. Avdel., v. 2 (VIII), pp.
1-14, 1870.

70. Howard, J. D., Characteristic trace fossils in Upper Cretaceous sand stones of the Book Cliffs and
Wasatch Plateau, Utah Geological and Mineralogical Survey Bulletin, v. 80, pp. 35-53,1966.

71. Ehrenberg, K.,  ErgdnzendeBemerkungenzu  den  sienerzeitaus dem  Miozan  von
BurgschleinitzbeschreibenenGangerkern und BautendekapoderKrebse, Paldont, v. 23, pp. 345-359,
1944,

IJFMR23026843 Volume 5, Issue 2, March-April 2023 16




m

International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com
72. Dahmer, G., Lebensspurenaus dem Taunusquarzit und aus den SiegenerSchichten (Unterdevon),

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Jahrbuch der Preul3ischGeologischenLandesanstalt, v. 57, pp. 523-539, 1937.

Sternberg, G.K., VersucheinergeognostischbotanischenDarstellung der Flora der Vorwelt, 1V Heft.
V., pp. 48, 1833.

Zenker, J. C., Historisch-topographischesTaschenbuch von Jena and seiner Umgebungbesonders in
naturwissenschaftlicher und medicinischerBeziehung, Wackenholder, Jena, pp. 338, 1836.
Haldeman, S.S., Supplement to number one of ‘A monograph of the Limniades, and other freshwater
bivalve shells of the apparently new animals in different classes, and names and characters of the
subgenera in Paludina and Anculosa’ J. Dobson, Philadelphia, pp. 3, 1840.

Firsich F.T., Ichnogenus Rhizocorallium. PaldontologischeZeitschrift, v. 48, pp. 16-28, 1974.
Firsich F.T., Ichnogenus Rhizocorallium. PaldontologischeZeitschrift, v. 48, pp. 16-28, 1974.
Osgood, R. G. Jr., Trace fossils of the Cincinnati area, Palaeontographica Americana, v. 6, pp. 277-444, 1970.
Farsich F.T., Corallian (Upper Jurassic) trace fossils from England and Normandy,
StuttgarterBeitrNaturkun., Sr. B (GeolPaldont), v. 13, pp.1-51, 1974b.

Pemberton, S.G., and Frey, R.W., Ichnology of storm-influenced shallow marine sequence: Cardium
Formation (Upper Cretaceous) at Seebe, Alberta: in STOTT, D.F., and GLASS, D.J., eds., The
Mesozoic of Middle North America: Canadian Society of Petroleum Geologists, Memoir 9, pp. 281-
304, 1984,

Frey, R.W., Trace fossils and hummocky cross-stratification, Upper Cretaceous of Utah. Palaios, v.
5, pp. 203-21, 1990.

Chandra, K., Srivastava, D.C., Sharma, R. and Pal, M., Hydrocarbon prospects and status of
exploration in Gondwana basins of India. IXth International Gondwana Symposium, 2. Oxford and
IBH Publication, New Delhi, pp. 1177-1198, 1994.

Ghosh, P.K., Mitra, N.D., History of Talchir sedimentation in Damodar Valley Basin, Memoirs of
Geological Survey of India, v. 105, pp. 1-115, 1975.

IJFMR23026843 Volume 5, Issue 2, March-April 2023 17




