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Abstract

In Bikaner-Nagaur Basin lignite bearing horizons occur within Late Paleocene–Earliest Eocene age of
Palana formation and located in Bikaner district. Petrographic study entails lignites of Bikaner-Nagaur
Basin dominated by huminite followed by inertinite and liptinite. The concentration of mineral matter also
recorded in these lignite deposits which reveals carbonate mineral matters are dominating over the pyrite
and argillaceous mineral matter. The huminite reflectance (%Ro) indicates that lignite samples of the
Bikaner - Nagaur Basin are thermally immature in nature and lignite to sub-bituminous B in rank. The
organic petrographic indices reveal that these lignite deposits originated in the bog forest under
ombrotrophic to mesotrophic hydrological conditions. Gelification Index (GI) and the Tissue Preservation
Index (TPI), suggests an accumulation of peat in the wet forest swamp. The result from the rock-eval
pyrolysis reveals lignites of Bikaner-Nagaur Basin contained Type III kerogen and grading to mixed Type
III–II kerogens and considered that it can generate the hydrocarbons on maturation.
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Introduction

In the current scenario, coal has been an important primary source of energy and lignite is one of the
low-rank coal type. The lignite sequences are found worldwide, including China and other Asian
developing countries (Singh and Kumar, 2017a). As increase, the price of high-rank coals people's
approaches the low-rank coal as an important resource. The numbers of researcher have made efforts to
understand the properties of lignites for its better utilization (Singh et al., 2016; Singh et al., 2017; Singh
and Kumar 2017a & b). The lignite deposits of the Bikaner - Nagaur Basin is one of the major lignite
resources in India & located in the western part of the Rajasthan. These lignite horizons deposited during
Late Paleocene–Earliest Eocene age of Palana formation (Singh and Kumar, 2017a). The lignite deposits
of Bikaner-Nagaur Basin are industrially very important because of its vast reserves in the region. Hence,
in the present paper, an attempt has been made to study about the Paleo-depositional environment as
well as hydrocarbon potential of lignite deposits of the Bikaner-Nagaur Basin, Rajasthan using organic
petrography and geochemistry.

Method of study

To achieve the above mention objectives, lignite samples have been collected from all the working and
exposed lignite seams from Barsingsar and Gurha lignite mines from Bikaner following the pillar sampling
method. The petrographic study has been done following the International Committee for Coal and
Organic Petrology (ICCP-94 system; 2001, 2005 & 2017) and ISO norms (ISO 7404-5, 2009). The Rock-
Eval pyrolysis was performed on Rock-Eval 6 analyzer.

Result & Discussion

The petrographic study indicates that the lignite of Bikaner-Nagaur Basin mainly comprises macerals of
different groups and a considerable amount of mineral matter. The lignite deposits of Bikaner-Nagaur
Basin are dominated by maceral of huminite group (13.7-91.5%) followed by Inertinite (1.9-76.0%) and
liptinite (2.2-16.8%) group macerals. The mineral matters represented by pyrite, carbonate and clay



minerals and which varies between 3.8% and 33.6%. The huminite reflectance is low and varies from
0.22 to 0.36 %Rom. The Rock Eval pyrolysis shows that the value of S1 peak ranges from 0.7–4.5 mg
HC/g Org C, S2 from 51.6–142.1 mg. CO2/g OrgC, for S3 peak form 6.5–21.8 mg CO2/g OrgC, TOC from
21.14–59.89 % and Tmax from 415 0C and 4320C. Hydrogen index (HI) and oxygen index (OI) values
range from 98–366 (mg HC/g Org)nand 27–43 mg CO2/g TOC respectively.

Petrographic constituents of coals are widely used to infer the paleoenvironmental condition. Various coal
facies diagrams and indices derived from maceral ratios by Diessel (1986) and Calder et al. (1991)
modified by Kalkreuth et al. (1991) which provides the key information about the coal facies and
paleoenvironmental condition during peat accumulation. In order to assess further information about peat-
forming conditions and predominant peat forming vegetation in the study area, TPI vs. GI and GWI vs. VI
have also been used. These indices gelification index (GI), vegetation index (VI), groundwater index
(GWI) and tissue preservation index (TPI) were derived from the macerals ratios use to identification of
depositional and environment. GI vs TPI plot, suggests an accumulation of peat in the wet forest swamp
(Figure 1a), whereas GWI vs VI showing that these lignites deposits originated in the bog forest under
ombrotrophic to mesotrophic hydrological conditions (Figure 1b).





To determination of type of organic matter, thermal maturity and hydrocarbon potential of organic Rock-
Eval Pyrolysis is widely used method (Peters et al., 2005). The total organic content (TOC) provides the
source rock richness for hydrocarbon generation (Peters et al., 2005). Hydrogen Index (HI) plot with the
Tmax entails lignites of Bikaner-Nagaur Basin contains Type III kerogen and grading to mixed Type and
thermally immature to marginally mature in nature (Figure 2a) which is also supported by HI vs %R0 plot
(Figure 2b). In addition maceral concentration entails these lignite generate hydrocarbon mostly gases on
maturation (Figure 2c) & excellent source rock for hydrocarbon generation (Figure 2d).

Conclusion

Petrographic investigation entails that of lignites of Bikaner-Nagaur Basin dominated by huminite group of
maceral followed by inertinite and liptinite with significant concentration of mineral matters. Petrographic
indices indicate the accumulation of peat in the wet forest swamp and these lignites originated in the bog
forest under ombrotrophic to mesotrophic conditions. Geochemical study reveals these lignite deposits
thermally immature in nature, mainly contains type III kerogen and excellent source rock for hydrocarbon.



Acknowledgement

The authors are thankful to the Director, Rajiv Gandhi Institute of Petroleum Technology, Amethi, India,
for extending all the necessary facilities. Financial support from Department of Science & Technology
(Project No. SB/S4/ES- 681/2013), Government of India is thankfully acknowledged.

Reference

Calder, J. H., Gibling, M. R., Mukhopadhyay, P. K., 1991, Peat formation in a Westphalian B piedmont
setting, Cumberland basin, Nova Scotia: implications for the maceral-based interpretation of rheotropic

and raised paleomires. Bulletin de la Société géologique de France, vol. 162, pp. 283–298.

Diessel, C. F. K., 1986, On the correlation between coal facies and depositional environments. Proc. 20th

Symp. Dep. Geol., Univ. Newcastle, N.S.W, pp. 19-22.

ICCP, 2001, The new inertinite classification (ICCP System 1994). Fuel, vol. 80, pp. 459–471.

ICCP, 2005, Classification of huminite (ICCP System 1994). International journal of coal geology, vol. 62,
pp. 85–106.

ICCP, 2017, Classification of liptinite (ICCP System 1994). International journal of coal geology, vol. 169,
pp. 40–61.

ISO, 7404-5 2009, Methods for the petrographic analysis of coals Part 5: Method of determining
microscopically the reflectance of vitrinite, pp. 1–20.

Kalkreuth, W., Kotis, T., Papanicolaou, C., Kokkinakis, P., 1991, The geology and coal petrology of a
Miocene lignite profile at Meliadi Mine Katerini, Greece. International journal of coal geology, vol. 17, pp.
51–67.

Peters, K. E., Walters, C. C., Moldowan, J. M., 2005, The Biomarker guide: Biomarkers and isotopes in
petroleum exploration and Earth history, second ed., Cambridge University Press, Cambridge.

Singh, A., Shivanna, M., Mathews, R. P., Singh, B. D., Singh, H., Singh, V. P., Dutta, S. 2017,
Paleoenvironment of Eocene lignite bearing succession from Bikaner-Nagaur Basin, western India:
Organic petrography, palynology, palynofacies and geochemistry. International journal of coal geology,
vol. 18, pp. 87-102.

Singh, A. K., Kumar, A. 2017a, Petro-chemical characterisation and depositional paleoenvironment of
lignite deposits of Nagaur, Western Rajasthan, India. Environmental Earth Sciences, vol. 76, 692.

Singh, A. K., Kumar, A. 2017b, Liquefaction behavior of Eocene lignites of Nagaur Basin, Rajasthan,
India: A petrochemical approach. Energy Sources A: Recovery, Utilization, and Environmental Effects vol.
39(15), pp.1686–1693.

Singh, P. K., Rajak, P. K., Singh, V. K., Singh, M. P., Naik, A. S., Raju, S. V. 2016, Studies on thermal
maturity and hydrocarbon potential of lignites of Bikaner-Nagaur basin, Rajasthan. Energy Exploration
and Exploitation, vol. 34 (1), pp. 140–157.




