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Celebrating the beginning of the 36th IGC in March 2020,
two special volumes of PINSA were published as the Indian
Report to IUGS (2016-2020). Nature played a dirty game
with the humanity and the whole world got engulfed in the
Covid 19 pandemic. With complete lockdown promulgated
by the Indian Government, 36th IGC could not be inaugu-
rated on 8th March. The 36th IGC has now become of a part
of the IUGS-IGC history, which was finally held ritualisti-
cally in March 2022 in a virtual mode. Those two PINSA
volumes and the Special EPISODE volume were formally
released by the dignitaries during the inauguration of the
Virtual 36th IGC. The publication of a PINSA volume every
four years, covering the period between two IGCs is taken
as the Indian Report of the INSA National Committee to the
TUGS. These volumes highlight major geoscientific develop-
ments in India in the time period between two IGCs.

In our 2016 report it was stated that “the past decade has
seen substantive progress in the growth of research in Earth
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System Sciences in India and can be considered truly an
unprecedented decade of “abundant resources being made
available to the community”. The two volume 2020 report,
one with 776 pages of text and figures and the second with
a new Tectonic Map of India with 100 pages of explana-
tory text showcased the Indian contribution to the World of
Geoscience. These reports were only indicative of the state
of progress in short period of 4 years, hence are by no means
exhaustive. The redeeming part of the 2020 report was the
release of the first compilation of an updated tectonic map
after the last one issued by the Geological Survey of India
in 2005.

The present report is considerably short due to cover-
age period between the two IGCs remained substantially
punctuated by the COVID19 intervals. Between the first
COVID19 wave in March 2020 and the second wave lasting
up to middle of 2021, the overall field activities remained
drastically curtailed. Many laboratories and institutions were
also closed for unspecified periods. As a result, the status
reports of this period is slimmer than the last one. Most of
the articles are summaries of the work done by other Indian
Geoscientists, while a few have gone beyond and included
new data generated in their individual capacity. The articles
have been serialized following the stratigraphic principle:
geologically oldest article first, followed by process—based
reports and then the institutional reports. We feel sorry for
not being able to include reports from all Indian geoscience
organizations. We wished to have wider coverage to show-
case our geological institutions. Those included in this report
are doing commendable work in solving geological and geo-
physical problems faced by the country. All these articles
pertain to geological research activities in India in the last
4 years—the period between the two IGCs, 2020 and 2024.

C. Manikyamba, Dewashish Upadhyay and M. Ram
Mohan discussed the new insights from the Paleo-Neoar-
chean Singhbhum, Dharwar and Bastar Cratons and high-
lighted all the scientific publications. The Paleoarchean
granitoids of Singhbhum Craton are sourced from reworked
depleted mantle derived juvenile crust and experienced a
compositional transition from sodic TTG to more potassic
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transitional TTG and granites at 3.4 Ga. [sostatic model-
ling suggests that the Singhbhum Craton became subaerial
by 3.3-3.2 Ga. The studies show that the circular Simlipal
Complex is an impact structure with 2.84 Ga volcanic rocks
and sediments derived from 3.63 to 2.54 Ga granitoids. In
the Dharwar Craton, the Holenarsipur nucleus represents
the oceanic plateau, oceanic arc and oceanic crust which
accreted through horizontal tectonics. Stable isotopes and
the U-Pb zircon ages of the sediments, were used to deter-
mine the Archean ocean composition, ocean oxygenation
events and biogeochemical processes. A new tectonic clas-
sification of Bastar Craton into western, eastern and central
Bastar orogens has been proposed.

Parampreet Kaur, Naveen Chaudhri, Lopamudra
Saha and Pritam Nasipuri synthesised the literature
published on the crustal evolution of the Archean nuclei
of North Indian Block comprising the Archean, Aravalli
and Bundelkhand cratons. The early Paleoarchean crustal
age of 3.59-3.54 Ga is supported by zircon xenocrysts in
3.44-2.55 Ga tonalite-trondhjemite-granodiorite gneisses.
The oldest rock records in the Aravalli and Bundelkhand
cratons are represented by localized exposures of ca. 3.55
and 3.31 Ga TTGs. The Archean crust in these cratons is
2.58-2.50 Ga K-rich granitoids and sanukitoids. Integrated
microstructure, petrological, geochemical, phase equilibrium
modelling and isotopic data for the Bundelkhand Craton
show craton-wide exhumation from 2.4 to 2.3 Ga., magma-
tism at ca. 2.71 and 2.68 Ga, deposition of the BIF between
3.44 and 2.80 Ga and peak metamorphism at ca. 2.5 Ga.

Santanu Kumar Bhowmik, Sankar Bose, Anupam
Chattopadhyay, Shreya Karmakar and N. C. Pant
reviewed of the published literature on the magmatic, meta-
morphic, geochronological and tectonic evolutionary history
of the Proterozoic mobile belts of western (cf. Aravalli-Delhi
Mobile Belt), central (cf. Central Indian Tectonic Zone),
eastern (cf. Chotanagpur Gneissic Complex), north-eastern
(cf. Shillong-Plateau Gneissic Complex) and eastern (cf.
Eastern Ghats Belt) India Proterozoic mobile belts deal-
ing with magmatism, metamorphism, geochronology and
tectonics in the context of formation of the Greater Indian
Landmass. The key findings advocate a model of three-
stage orogenesis at ca. 2.1-1.7 Ga, ca. 1.75-1.54 Ga and
ca. 1.06-0.90 Ga to produce the final configuration of the
Greater Indian Landmass as a miniature Rodinia.

Aditi Sharma and P. P. Chakraborty collated data from
Indian Proterozoic basins, highlighted new geochronologi-
cal age data from the Vindhyan, Mahakoshal and Kurnool
basins, discussed the revision of stratigraphy of the Cud-
dpah Basin, new taxonomical attributes of microfossils of
the Owk shale Formation (Kurnool Basin), and new geo-
chemical and paleohydrological data on Vindhyan, Bayana,
Kurnool Basin successions. They enumerated the contempo-
rary depositional models for different lithostratigrahic units,
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the basin successions and documented a distal ephemeral
sandy meandering fluvial deposit from the Banganapalle
Formation of Kurnool Group, which is a major addition to
our knowledge.

Santosh Kumar, Talat Ahmad and Shailendra Pundir
summarized the literature on petrotectonic-magmatic evolu-
tion of Himalaya and Trans-Himalaya, that were published
in recent years. A wealth of field, petrographic, mineral,
whole-rock elemental, petrochronological, and isotopic data
were published, providing deep insights into the contribution
of different geological components.

A. K. Jain, Malay Mukul, N. C. Pant, P. K. Mukher-
jee, Paramjeet Singh, Tejpal Singh, C. P. Rajendran,
James Pebam, Preeti Singh, Gargi G. Deshmukh and
Rahul Dixit discussed the Indian contributions in the field
of tectonics of the northwestern Himalaya, Sikkim and
Eastern Himalaya, summarizing the results of various geo-
logical, geochemical and geochronological aspects. These
include large-scale tectonic and evolutionary models, major
unconformities, structure and geochronology of major tec-
tonic boundaries, geochemistry and U-Pb dating of the Abor
Volcanics, Neoproterozoic and Paleozoic magmatic bodies
in the Jutogh Group, and the exhumation patterns. Active
tectonic patterns from the frontal Sub-Himalaya belt are also
worked out.

Soham Dey and Saibal Gupta prepared the status report
on the structural and metamorphic studies published on the
Sikkim Himalaya based on the various publications that
appeared in the recent time.These studies show consider-
able addition to our knowledge about this far-east Himalayan
terrain.

Irfan Maqgbool Bhat, Hiredya Chauhan and Talat
Ahmad have highlighted the recent petrological and tec-
tono-magmatic studies on ophiolites, blueschists, eclogites,
volcanics, and granitoids of the Trans Himalaya in Ladakh
and Karakoram ranges. A wealth of mineralogical, petro-
logical, geochemical, geochronological, and isotopic data
have provided better understanding of the geochemical
and geodynamic processes. Subduction-initiation and ces-
sation, subducting slab-dehydration, mantle-wedge meta-
somatism and melting, nature of the sub-arc lithospheric
mantle, active margin magmatism, crust-mantle interaction,
and continent—continent amalgamation in the context of the
India—Eurasia continental plates are now explained with
more clarity.

Pitambar Pati, Rajkumar Kashyap and Pradeep Sriv-
astava have reviewed the literature related to late Quaternary
evolution of Himalaya and its foreland. Review of 120 pub-
lished articles highlighted (i) the role of basement tecton-
ics on stratigraphy and seismicity of Ganga foreland, (ii)
explained the role of fluvial aggradation, incision studies
and terrace formation in understanding the tectonic evolu-
tion of Himalaya, (iii) past and present records of extreme
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hydrological events and mitigation, (iv) soil quality and
agricultural practices, (v) long term stratigraphic records
of Ganga foreland using sedimentology and pedo-morphol-
ogy, (vi) paleoclimate, paleo-glaciation, and (vii) the idea
of Anthropocene.

Om N. Bhargava, B. P. Singh, U. K. Shukla, J. Ganai,
P. Singh, Alono Thorie and Priyanka Mazumdar
reviewed 82 Indian publications that came out in the last
four years pertaining to the Proterozoic-Phanerozoic time
period. In addition, Field Guide Books of IGC 2020, GSI
publication on the Precambrian sequences and a paper on
the evolution of the Lesser Himalaya provide glimpses of
regional geology. These papers showcased new addition to
our knowledge on geochemistry, sedimentology, isotope
geology, palacontology, and stratigraphy of Proterozoic and
Phanerozoic rock formations.

Santanu Kumar Bhowmick and B. Pradhan reviewed
the recent developments on the metamorphic and tectonic
evolution of the Nagaland-Manipur Ophiolite belt (NMOB)
in the Indo-Myanmar Ranges. Metamorphic findings and
chronological constraints in the NMOB demonstrate an
exceptional record of the full life cycle of the thermal and
dynamic history of the Early Mesozoic intra-oceanic sub-
duction system within the eastern arm of the Neo-Tethys
from its infancy to its cold-mature stage. The earliest stage
of an Early Jurassic-aged oceanic subduction under warm
thermal conditions, and within the first 1-2 Myrs since
subduction initiation is recorded in the newly discovered
high- and low-temperature metamorphic sole rocks of the
Tusom CV area in the Manipur segment of the ophiolite
belt. This metamorphism has been related to the end stage of
the Early Jurassic-aged intra-oceanic subduction, when the
Neo-Tethys evolved into a cold-mature stage of subduction.

Harsha Dhiman and Guntupalli V. R. Prasad pro-
vided an update of recent advances on the faunal and floral
diversity of the volcano-sedimentary sequences of the Dec-
can Volcanic Province (DVP). The review deals with the
Deccan infra- and intertrappean beds and their taxonomy,
palaeoecology and palaeobiogeographic significance in the
context of India’s northward journey. Some of them were
considered to have originated on the Indian plate during its
physical isolation phase and some with Gondwanan origin
support the ‘Out-of-India’ dispersal hypothesis. The absence
of a well-defined K/Pg boundary section within the DVP
does not permit figuring out the effects of volcanism on K/
Pg boundary extinctions.

Sanghmitra Ray reviewed the diversity of Triassic
non-marine vertebrate of India. These studies have indi-
cated an impoverished terrestrial vertebrate diversity just
after the end-Permian Mass Extinction Event, the onset of
Triassic period. End-Permian extinction event succeeded
by the advent of new and diverse fauna peaked during the
Late Triassic. Such variations in vertebrate diversity are

reflected in the fossil record of the Gondwana basins. In
the last four years, Triassic vertebrate record show addi-
tion of new tetrapods, like a proterosuchian from the Early
Triassic, a large, herbivorous and horned azendohsaurid
and an erythrosuchid from the Middle Triassic, and vari-
ous phytosaurs, aetosaurs, dome-headed archo-sauro-
morph and a small carnivorous azendohsaurid from the
Late Triassic.

Vivesh Kapur presented an overview of the Paleogene
vertebrate faunal records, especially mammals, with an
emphasis on research conducted within the last 5 years. The
fossil records of early Paleogene vertebrates indicate that
India was a hot spot for biodiversity for several orders of ter-
restrial (such perissodactyls, primates, and artiodactyls) and
marine mammals (like cetaceans and sirenians). The direc-
tions of biotic migrations between India and its surrounding
continents between the ~ 66 to~50 Ma time slice remains
to be fully understood. It has discussed the plausible exist-
ence of corridor(s) for secular migration allowed for faunal
exchanges between India and Eurasia close to~56-57 Ma,
particularly for the large-sized mammals. Further, there is
now a revived interest in the early Paleogene vertebrate pal-
aeontology of India.

Dhirendra K. Pandey, Jitendra K. Sharma, Franz T.
Fiirsich and Matthias Alberti summarized our knowledge
in the last four years pertaining to the Jurassic sedimen-
tary succession of the basins along the western and north-
ern shelf areas of the Indian craton. The coverage included
the Jurassic lithostratigraphy of the Kachchh and Jaisalmer
basins, and the Spiti area of the Himalaya.

Rajeev Patnaik reviewed the new finding on the mam-
mals, insectivores and rodents from Siwaliks, Ladakh and
Kutch., and has thrown new light on our understanding
of their evolution and diversity, besides providing precise
biostratigraphic ages. New discoveries of snakes, lizards,
frogs and birds have been made. Dental enamel micro-
structure of elephants, rodents and sharks have contributed
towards their taxonomic and biomechanical interpretations.
Stable C and O isotope analysis of enamel carbonate of Late
Miocene large mammals indicate a dominantly C3 diet. Bio-
molecular studies on fossil fish scales reveal preservation of
ancient proteins in them.

Biplab Bhattacharya and Prantik Mondal presents a
brief appraisal of the present understanding regarding the
stratigraphy, depositional conditions, and paleogeography
of the marine and fluvial sedimentation in the Narmada
Valley in peninsular India in the background of global tec-
tono-eustatic events and relative sea-level changes during
the Cretaceous. The transgressive sequence in the epeiric
basin signifies the effect of sea level rise under the Late Cre-
taceous greenhouse condition in the Narmada Valley. The
transgressive Bagh Group is overlain by a continental fluvio-
lacustrine Lameta Group, and then by the Deccan basalts.
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Arun Deo Singh and P. Divakar Naidu presented an
overview of the Indian research contributions in the field
of marine micropaleontology and paleoceanography. Sig-
nificant contributions have been made in paleoceanographic
proxy development, Asian monsoon variability and dynam-
ics, Neogene-Quaternary evolution of the Indian Ocean in
relation to the global climate change, carbonate cycle and
ocean acidification, development of oxygen minimum zone
and its variability through time. The work concentrates on
the Indian Ocean paleoceanography while some are actively
engaged in understanding ocean-climate evolution of the
Atlantic and Pacific Oceans.

Rasik Ravindra, Anil V. Kulkarni, A. P. Dimri,
Kalachand Sain, Milap C. Sharma, Argha Banerjee,
Parmanand Sharma, Thamban Meloth, Irfan Rashid
and N. C. Pant summarized the recent Indian studies in
Himalayan cryosphere. The studies indicate most of the
Himalayan glaciers are retreating with an accelerated rate.
However, the retreat is not regionally uniform due to various
parameters such as location in a particular climatic zone, bed
rock topography, orientation, debris cover or clean nature
etc. Loss in the glacier mass in upper Indus basin, Bhaga
basin and Sikkim region amount to about 47-67%, 25%
and 20-30% respectively. This excessive ice mass loss has
resulted in formation/extension of glacial melt water lakes,
posing a threat of Glacial Lake Outburst Flow(GLOF).

N. C. Pant, Thamban Meloth, A. P. Dimri, Devsam-
ridhi Arora, Mohammed Sadiq, Mahesh Badnal, San-
dip Roy, Yogesh Ray, Mayuri Pandey, C. M. Laluraj, P.
Sabu, Siddarthan Venkatachalam, Rahul Mohan and
Rasik Ravindra have highlighted the recent Indian contri-
bution in the realms of polar studies covering mainly atmos-
phere, biology and geoscience domains in central Dronning
Maud land and Princess Elizabeth land (PEL) of eastern
Antarctica. New studies have included synoptic weather,
geophysics, glaciology, crustal evolution, Neoproterozoic,
Pan-African tectonics and metamorphic events in the mafic
granulites. The earth’s declining magnetic field and space
weather studies have dominated the geophysical investi-
gations. Ice sheet dynamics and deglaciation history have
indicated that the Antarctic ice shelf too is losing ice and
shrinking for the first time. The recent results of the South-
ern Ocean expeditions have revealed that the AABW have
become fresher (~0.002), warmer (0.04 °C), and subducted
by ~50-20 m toward the end of the past decade in the Indian
Sector of Southern Ocean.

Himanshu Paul and V. K. Gahalaut reviewed the seis-
mological imaging studies carried out in India and adjoining
regions. A high resolution image of the Main Himalayan
Thrust, exhibits a ramp-flat-ramp geometry. The estima-
tion of the crustal thickness by receiver function analysis
is routinely performed, hence the Moho topography is very
well-imaged throughout India. High-resolution velocity and
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attenuation characteristics of the crust and mantle obtained
from tomographic studies highlighted unprecedented fea-
tures in the Indian Shield region and north Indian Ocean.
Recently, fresh efforts have been made to image the deep
mantle structures, such as the Hales Discontinuity, X dis-
continuity, Lithosphere-Asthenosphere Boundary, Mantle
Transition zones and the ‘D’ layer over the Core-Mantle
boundary.

Nitin Sharma narrated the process of earthquake moni-
toring in India to understand the dynamic rupture processes
leading to identification and characterization of active faults
and zoning of regions. Continuous seismic monitoring pro-
vided valuable data for evaluation of the seismic hazard,
their impact on society and mitigation processes. Such moni-
toring is critical for India having diverse tectonic settings,
subsurface structures and earthquake source processes. All
such information come from precise monitoring of seismic
activities through a large number of permanent or temporary
seismic stations.

Dipankar Saha, S. N. Dwivedi and Shakir Ali high-
lighted the major scientific outputs of 170 published papers
concerning groundwater-linked researches. These studies
pertain to the use of geophysical techniques, remote sens-
ing/GIS, hydrogeological mapping, and resource assess-
ment. Many papers dealt with chemical quality estimations,
assessment of contamination and mathematical modelling of
flow. New equations were developed for artificial recharge,
rainwater harvesting and study the socioeconomic impacts
of over-exploitation. Gaps in our knowledge have also been
discussed in this article.

Tejasvi Chauhan, R. Gowri, Subimal Ghosh and P. P.
Mujumdar have highlighted recent advance researches on
the surface water hydrology. The focus remained restricted to
Anthropocene where human activities impacted all aspects
of water resources. These aspects include water availability
vis a vis societal demands and hydrologic extremes of floods
and droughts due to human induced climate change. High
impact research led to better understanding of feed backs
from land surface processes to climate. Studies show the
Indian Monsoon Rainfall governs the spatial and temporal
distribution of water resources in India. Methods have been
developed to quantify (i) changing frequencies and magni-
tudes of floods and droughts at a range of spatial scales, (ii)
groundwater surface water interactions and (iii) contribu-
tions of snow-melt to surface water.

P. K. Mukherjee, Pankaj Kumar, S. Singhal, Param-
jeet Singh, D.Upadhyay, W. Rahman, J. K. Thomson, S.
Das, A. K. Jain and S. Chopra provided an overview of
the geochronological and isotopic data generated in India
using the existing geo-analytical facilities and discussed
the role played by different Indian research laboratories
equipped with high quality geochronological and stable iso-
topic instrument facilities. A new “National Geochronology
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Center” has been established at the Inter University Accel-
erator Center, New Delhi with HR-SIMS, AMS, Fs-LA-
HR-ICPMS and other essential facilities. Existing and new
facilities at the WIHG, Dehradun, IIT-Kharagpur, NCESS
Thiruvanthapuram and NCPOR Goa have contributed
immensely in the Geo-scientific research in India.

Biswajit Mishra and Dewashish Upadhyay have
reviewed the recent contributions made on genetic aspects
of various Indian metallic ore deposits which include chro-
mite, platinum group minerals, gold, uranium-copper ores
of IOCG affiliation, rare earth metals, and lithium-tungsten.
Ore genetic models have been prepared using in-situ trace
element analysis of important common ore minerals such as
pyrite, chalcopyrite, sphalerite, magnetite and apatite, and
estimation of oxygen, carbon and sulfur isotopes. In-situ
isotopic measurement of boron and lithium, respectively in
tourmaline and micas, along with U-Pb dating of hydrother-
mal monazite, provided a quantum jump in our understand-
ing of ore-forming processes.

T. Srinivasa Kumar and P. A. Francis provided infor-
mation about INCOIS, an autonomous institute under the
administrative control of the Ministry of Earth Sciences,
Govt. of India. It is mandated to provide the best possible
ocean information and advisory services to society, industry,
government agencies and the scientific community through
sustained ocean observations and constant improvements
through systematic and focused research. They provide advi-
sories on Potential Fishing Zones and Ocean State Fore-
casts. It also hosts the Indian Tsunami Early Warning Cen-
tre ITEWC) used by the Indian Ocean Rim Countries, the
International Training Centre for Operational Oceanography
(ITCOocean), and National Oceanographic Data Centre.

Kalachand Sain, Devajit Hazarika, Koushik Sen
and R. Jayangonda Perumal elaborated the geo-scien-
tific research at the Wadia Institute of Himalayan Geology
(WIHG), Dehradun, which is involved in both basic and
applied research for understanding the geodynamics of the
mighty Himalaya. The disciplines covered include petrology,

geochemistry, structural geology, geophysics, sedimentol-
ogy, biostratigraphy, earthquake geology, geomorphology,
environment & engineering geology, quaternary geology,
hydrology, glaciology, etc. The institute is well equipped
with the state-of-the-art analytical laboratories which
strongly complement the field data. Researches are carried
on the seismology, landslides, minerals, ore bodies, hydro-
carbons, springs, geothermics, glacier dynamics and fluvial
systems. Crustal heterogeneity, elastic strain, crust-mantle
interactions are also probed.

Janardhan Prasad presented an overview of the field
investigations and laboratory investigations carried out by
the geoscientist of the Geological Survey of India. He nar-
rated new sophisticated analytical facilities recently created
in the different regions of the organization. Successful min-
eral exploration activity has also been highlighted.

As mentioned above, reports from several other national
and regional institutes engaged in the study of Earth System
Science could not be obtained for this special publication
targeted for the 37th IGC in Busan to be held in August
2024.

We thank all the contributors for the kind help and for
submitting meticulously summarized reviews and articles.
We thank Prof. Pradeep Srivastava, present Chair of the
INSA TUGS-INQUA Committee on whose behalf we have
edited this special issue for submission to the [UGS and
release at the 37th IGC. We thank INSA President Prof.
Ashutosh Sharma, Vice President Publications Dr. Viren-
dra M. Tiwari and Editor-in-Chief of PINSA Prof. Suman
Chakraborty for giving our editorial team a free hand to
manage publication of this special issue of PINSA. We
express our appreciation for the cooperation and assistance
that we got from Executive Director Dr. Brajesh Pandey,
Sunil Zokarkar, Brotati Chattopadhyay, Seema Mandal and
Sudhanshu Aggarwal. Our special thanks is reserved for
Ms. Richa, for efficiently managing our interactions with
our publisher and the printer M/S Springer India.
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