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Abstract

This manuscript enlists Indian research laboratories that are equipped with sophisticated instrumental facilities to cater the
needs of Indian geoscientific community for high precision metal isotopic and geochronologic measurements. This status
report of 2020-2024 includes research outcomes of these facilities in India that are aggressively producing high quality iso-
topic and geochronologic data for improving our understanding about the Earth and its geologic processes. In this report, key
publications and research findings are presented, based on data produced exclusively in Indian laboratories. There has been
a huge jump in research activities and high impact publications that incorporates high precision metal isotopic composition
and geochronologic applications during the past 4 years. This has been possible through generous funding from government

agencies to bolster cutting-edge research by the Indian geoscientific communities.
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Introduction

With the advent of sophistication in analytical instrumenta-
tion and efficient data processing, the geological science has
seen a sea change in its approach and thinking. Ability to
measure composition of the geological materials at resolu-
tion from bulk to micron level, added a new dimension to our
understanding of geological past, the underlying processes
and sources. To this effect, precise isotopic composition and
geochronological information has played a pivotal role.

>4 Pankaj Kumar
pkb@iuac.res.in

National Geochronology Facility, Inter University
Accelerator Center (IUAC), New Delhi, India
Wadia Institute of Himalayan Geology, Dehradun, India

Department of Geology and Geophysics, Indian Institute
of Technology, Kharagpur, India

National Centre for Polar and Ocean Research, Goa, India

National Centre for Earth Sciences Studies,
Thiruvananthapuram, India

Formerly at Department of Earth Sciences, Indian Institute
of Technology Roorkee, Roorkee 247 667, India

@ Springer

Realizing the importance and to cater the needs of Indian
geoscientific community, Government of India through its
funding agencies, created several states of art instrumenta-
tion laboratories across the country to foster cutting-edge
research in Geosciences keeping pace with international
developments. Adaptation and development of various appli-
cations of metal isotopic geochemistry in conjunction with
geochronological constraints has contributed enormously in
better understanding of our planet earth and its processes
through its entire period of existence.

In this report, we present an overview of developments
in new and existing isotopic and geochronological facilities
in the country and key research activities and outcome sur-
rounding these modern high-end facilities in India during
the last 4 years and this effort is in continuation with the
earlier summary by Bhaskar Rao et al. (2020). Major centres
of instrumental facilities for isotopic and geochronologic
measurements are summarized in Table 1.

A brief account of these facilities and research outcome
during the last four years are given in the following sections.
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Table 1 Currently available major metal isotopic and Geochronologic facilities in India

Name of Institution and Laboratory Analytical facilities

Make & model

Isotopic & Geochronologic Appli-
cations

1.HR-SIMS 2.HR-ICPMS
3.Femto-second Laser

1 National Geochronology Facility,

Inter-University Accelerator Cen-
tre, New Delhi

Wadia Institute of Himalayan Geol-
ogy, Dehradun

Department of Geology and
Geophysics, Indian Institute of
Technology, Kharagpur

National Centre for Polar and
Ocean Research (NCPOR), Goa

National Centre for Earth Science

4. ICPMS(Q)

5. Accelerator Mass Spec-

trometer (AMS)

1. MC-ICPMS
2. Laser Ablation

1. ICPMS(Q)
2. MC-ICPMS
3. Laser Ablation

MC-ICPMS

1. Laser Ablation

1.Cameca- IMS 1300HR?

2. ThermoFisher Sci.- Element XR

3. Teledyne-Cetac Excite Pharos,
Teledyne CETAC (206/257 nm)

4. ThermoFisher Sci.- iCAP-Q

5. NEC, USA- XCAMS

1. Thermo Fisher Sci.- Neptune
Plus

2. Teledyne-CETAC Analyte G2
193 nm Excimer

1. ThermoFisher Sci- iCAP-Q

2. ThermoFisher Sci- Neptune plus

3. New Wave Res 193 nm Excie-
mer

ThermoFisher Sci.: Neptune plus

1. Teledyne-Cetac: LSX-213
G2+213 nm Nd YAG laser

2. Agilent: 7800

3. Nu Instruments: Nu Plasma IIT

1. Nu Instruments: Nu Plasma II
2. Agilent: 7900
3. ASI RESOlution 193 nm

-O-isotopes in silicate,
-U-Pb dating
-Al-Mg Isotopes in CAI

-14C dating

- 19Be & 26A1 Cosmogenic Radio
Nuclide Dating

-U-Pb dating

-Lu-HF in zircon

-Sr, Nd, Li isotope

-U-Pb dating
-Lu—Hf in zircon
-Sm-Nd, Rb-Sr, Li and B-isotopes

-Sr, Nd and boron isotopes
-Sr & Nd isotopes
-U-Pb dating

-Lu-Hf in zircon

-U-Pb geochronology
-Lu-Hf in zircon

Studies (NCESS), Thiruvanan- 2. ICPMS(Q)

thapuram, 3. MC-ICPMS
National Geophysical Research 1. MC-ICPMS

Institute (NGRI) 2. ICP-MS(Q)
Hyderabad 3. Laser Ablation

-Sr—Nd tracer isotopes
Excimer

National Geochronology Facility,
Inter-University Accelerator Centre
(NGF-IUAC), New Delhi

(i) HR-SIMS

With the successful installation of new Large Geometry
High Resolution Secondary Ion Mass Spectrometer (LG-
HR-SIMS; CAMECA make IMS-1300HR?) at ITUAC,
New Delhi in 2021, India became among the few coun-
tries to have this state of art isotopic measurement facil-
ity. The combination of high resolution, high precision
and high spatial resolution makes it unique and a class
apart. This facility is capable of measuring radioactive
as well as stable isotopic compositions with high preci-
sion at high spatial resolution. A wide range of geological
applications can be developed for in situ isotopic analy-
sis keeping textural context intact. This is likely to give
much needed impetus to the geoscientific research in the
country. The facility is equipped with a dual source Pri-
mary beam, Cesium ion microbeam (Cs+) and Hyperion
RF ion (O*, O,7) sources and secondary double-focusing
mass spectrometer with ten detectors (Faraday cups and

Electron Multiplier detectors). Secondary ion collection
is realized with the help of a double-focusing design of
the mass spectrometer utilizing an ElectroStatic Ana-
lyser (ESA) and a dipole electromagnet. A large radius
(585 mm) of the magnetic sector helps to optimize the
transmission of the system even at high mass resolving
power (MRP). The instrument contains two fixed Fara-
day Cups (FCI1 and FC2) and one fixed electron multi-
plier (EM) detectors. Further, it is also equipped with a
versatile multi-collection system that has five movable
trolleys with detectors (L2, L1, C, H1 and H2) which can
be used for simultaneous isotopic ratio measurement for
elements from lithium up to uranium. In this instrument,
the preamplifier board of multi-collection FC H1 can be
operated with 10'? Q resistor which can be used to collect
low signal of 70 making it a state-of-the-art spectrometer
for in-situ measurement of high-precision triple oxygen
isotope measurement. Use of 10'? Q resistor instead of
usual 10! Q resistor improves the signal to noise ratio for
170 signal and hence gives better precision. HR-SIMS at
IUAC is now fully functional and applications like meas-
urement of O-isotopic compositions in silicate minerals,
U-Pb geochronology and AlI-Mg isotopic measurements
have been established.

@ Springer
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(i) FsLA-HR-ICPMS

IUAC is also equipped with a High Resolution Sector Field
ICPMS interfaced with a high energy 206/257 nm Femto-
second Laser ablation (FsLA) exclusively U-Pb geochronol-
ogy of accessory minerals. HR-ICP-MS (model: Thermo
Scientific, Element XR) coupled with a femto second Laser
Ablation (model: Excite PHAROS, Teledyne-CETAC make)
is now being extensively used for U-Pb dating and REE
measurements in different minerals.

A Field Emission Scanning Electron microscope facility
with CL imaging system available at NGF-IUAC, is used
to study the zircon internal structure that helps in delineat-
ing the different age domains within tiny zircon crystals for
dating multiple thermal events suffered by a zircon grain.
NGF is also equipped with an appropriate sample prepara-
tion laboratory consisting of mineral separation, picking,
mounting and polishing units to augment the sample require-
ment of the analytical instruments such as HR-SIMS and
FsLA-HR-ICPMS.

(iii) Accelerator Mass Spectrometer (AMS)

An Accelerator Mass Spectrometry facility for the measure-
ment of '*C, '°Be and 2°Al, based on a dedicated 500 kV ion
accelerator is in operation since March 2015. Carbon sample
processing and graphitization are performed in a dedicated
comprehensive graphitization laboratory while °Be and
26Al samples are processed in a clean chemistry laboratory.
TUAC-AMS facility (Kumar et al. 2022; Sharma et al. 2019)
has been utilized in various domains of science research
including paleoclimatic reconstruction, sea level change,
archaeology, glacial dynamics, carbon budgeting, climate
change, source apportionment and biobased assessment etc.

">Research outcome HR-ICPMS: Devi et al. (2024)
reported a wide spectrum of U-Pb zircon ages from the
Exotic sandstone block underlying Disang Group (Manipur)
and ultramafic units of ophiolites yield four distinct popula-
tions at~ 500, 1200, 1650 Ma and an older Archean core
dates. Nongdon et al. (2023) found both, Neoproterozoic
(987-675 Ma) and Cambro-Ordovician (533—444 Ma) zircon
ages from Granitic bodies in Chota-Sigri granitoid complex
in Himachal Pradesh. Pandey et al. (2023) reported distinct
Zircons ages populations from proximal and distal sites
of the East Antarctic Shield (EAS). The age spread in the
proximal site varies from Paleoproterozoic to Pan-African,
while the distal site shows concordant ages of ~650-700 Ma
and suggested the presence of a Tonian-Cryogenian event in
the interior of (Princess Elizabeth Land) PEL sector (Pan-
dey et al. 2023). Sarkar et al. (2023) found a Cryogenian
(~800 Ma) magmatic emplacement age and an Ediacaran-
Cambrian metamorphic overprint (~ 570 Ma) in porphyritic
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charnockites from Madurai Block of in the Southern Granu-
lite Terrane (SGT).

TUAC-AMS facility has been utilized in various domains
of geoscience research, such as- Paleoclimatic studies,
Ocean research, dating of paleo-seismological events and
in geoarchaeological investigations. Some selected ones are
highlighted in following research publications appeared in
last four years.

Paleoclimatic reconstruction in different parts of India
has been studied through lake sediments, where '“C chronol-
ogy has played crucial role are, Mid-late Holocene climate
(-4600y) reconstruction in climatically sensitive region at
Khaijjar lake (Himachal Pradesh) that are affected by both
ISM and IWM (Kotlia et al. 2024); paleoclimatic recon-
struction of northwest Himalaya since CE 475 using lake
sediments from Tadag Taal, Kumaun, India (Kaushik et al.
2023); high resolution Holocene palaeoclimate records
reconstructed based on geochemical and isotopic data from
the Chilika Lagoon (Orissa) focusing on understanding of
the Holocene aridification events dated at 8.2 and 4.2 ka
(Shah et al. 2022); The late Holocene hydroclimate variabil-
ity in the Northwest Himalaya from sediment core collected
from the Wular lake, Kashmir Valley (Lone et al. 2022)
identifying wetter phase (~4.2-3.4 cal kyr BP) followed
by relatively drier conditions and extreme drought before
the wet Little Ice Age (LIA) and identification of a shift
in Paleo-monsoon intensity during ~13,700 to 3100 yr BP
in the central Ganga Basin, India evidencing a severe arid
phase at ~4.2 ka, resulting in culmination of a river channel
to Lilauar lake transition (Singh et al. 2022b).

Under the Paleo-seismic research, radiocarbon dating has
been used to measure the slip rate and strain release pat-
tern in complicated and deformed landforms in the frontal
Siang and Mishmi ranges of the Eastern Himalayan Syntaxis
(Singh et al. 2023b).

Application of '*C dating was used in various oceano-
graphic research. These include—Surface and thermocline
ocean circulation intensity changes in the western Arabian
Sea during ~ 172 kyr (Khan et al. 2023); Late-Holocene
paleoceanographic and climatic changes and their impact on
Indian socio-economic conditions with Benthic foraminif-
eral evidence from the Bay of Bengal (Mohanty et al. 2023);
Late Quaternary variations in the Oxygen Minimum Zone
linked to monsoon shifts as seen in the sediment of the outer
continental shelf of the eastern Arabian Sea (Majumder et al.
2022) and a 51 ka records for paleoceanographic and pale-
oclimate conditions with the help of sedimentary sequence
in a seamount basin, Eastern Arabian Sea (Kannaiyan et al.
2022).

Application of high resolution '*C carbon dating and Cos-
mogenic Radio Nuclides (CRN) (""Be & 2°Al) chronology
in glacial dynamics studies of Himalayan glaciers have been
attempted in different parts of Himalayas and some of them
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are—the Reconstructing the Quaternary glacial history of
Lahaul Himalaya, northern India (Das et al. 2023b) identify-
ing four local glacial stages, viz. the Chandra (152 + 37 ka),
Batal (43 +3 ka), Dali (21 +2 ka) and Mayar that correspond
to the Little Ice Age (LIA); Reconstruction of landscape and
climate of the largest drainage basin in the Ladakh Range,
NW Trans Himalaya during the last 7000 years (Joshi et al.
2023); Paleo-glacial reconstruction of the Thajwas Glacier
in the Kashmir Himalaya (Paul et al. 2022); and the Role of
Indian Summer Monsoon and Westerlies on glacier vari-
ability in the Himalaya (Kumar et al. 2021).

AMS 'C carbon dating facility found its application in
Geoarchaeology to precisely date some of historic events or
archaeologic artefacts. Some notable discoveries includes-
Episodic habitation and abandonment of Neolithic civiliza-
tion sites in the Vaigai River Basin, Southern India (Ram-
kumar et al. 2022); Evidences of fossiliferous localities in
Manjra valley Latur Maharashtra (Sathe et al. 2022); Migra-
tion of a Pastoralist People c. 3500 cal. Years BP inferred
from climate change driven Palaeofire and Lipid Biomarker
Records in the Montane Western Ghats, India (Kavil et al.
2023); and the evidence of mid- to late- Holocene vegetation
and climate change from a Neolithic settlement in western
fringe of Central Ganga Plain (Tripathi et al. 2021).

Notable improvements in precision and accuracy of the
AMS measurements were achieved by innovative adaptation
of measurement strategies and sample preparation protocol
by Kumar et al. 2022) and developing the improvised proto-
col for quartz-feldspar separation for CRN chronology were
also taken up (Singh et al. 2022b).

Wadia Institute of Himalayan Geology,
Dehradun

Isotope Geochemistry and Geochronology Facility at WIHG
has the combination of a state of art Multi-Collector ICPMS
(ThermoFisher Neptune Plus) coupled with a 193 nm Exci-
mer (Cetec-Teledyne Anlyte-G2) Laser ablation system for
in situ micro-chronologic measurements. The multi-collector
is equipped with an array of 17 detectors consisting of both,
Faraday Cups and Ion counters to cater a wide range of iso-
topic analytical applications. The MC-ICPMS is tuned for
analysis in both solution mode as well as in solid sampling
mode in combination with Laser Ablation system. It also
has a 10,000 class clean chemistry lab for chromatographic
treatment of samples for separation and isolation of target
element for precise isotopic analyses. Typical applications
include U-Pb and Hf-Lu isotopic analyses of accessory
U-bearing minerals, chiefly zircon in solid mode. In liquid
mode, the facility here is being routinely used for generating
high quality data isotopic analyses of Sr-Rb, Nd-Sm and Li-
isotopic systematics.

Research outcome In last four years, the LA-MC-ICPMS
laboratory has generated very significant isotopic and geo-
chronological data from the Himalaya and adjoining ter-
rains (Jain et al. 2024). The work from this laboratory is not
only focussed to the solid mode (U-Pb zircon geochronol-
ogy and Hf isotopic measurement of the Zircon mineral) but
also liquid mode (Sr and Nd isotopic measurement).

U-Pb zircon detrital geochronology (DZ) data from the
Lesser Himalaya reveal that the Inner Lesser Himalaya
(iLH) sedimentary rocks were deposited ~ 1850 Ma. The
Outer Lesser Himalaya (0LH) sedimentary succession was
much younger between 950 and 525 Ma. Thus, the Lesser
Himalaya is characterized by two distinct sedimentary belts,
which are juxtaposed against each other along the Tons—Dal-
ing—Shumar Thrust (TDST), at present (Jain and Mukher-
jee 2023). These terranes record a major stratigraphic break
around 1000-800 Ma, when the depocenter for sedimenta-
tion shifted southwards during the Tonian to the outer parts
of the Lesser Himalaya (Jain and Mukherjee 2023).

Pundir et al. (2022) reported a Neoproterozoic tonalite
gneiss (~ 806 Ma) in the Karakoram Terrane (KT), North-
west India for the first time based on zircon geochronology.
This paper proposed that the tonalite gneiss from south-
east Karakoram is a result of Neoproterozoic Andean- type
orogeny formed on the NW margin of the Rodinia super-
continent. Singh et al. (2020b) presented new data sets on
U-Pb zircon geochronological aspects of the garnet-bearing
amphibolites from the eastern Karakorum (Pangong-Tso),
Ladakh suggested a maximum depositional age of 131 Ma
with peak metamorphism at 114 +0.38 Ma. Zircon geo-
chronological studies of the granitic and associated rhy-
olitic rocks from the Karakoram batholith in Shyok suture
zone reveal that subduction of the Neo-Tethyan oceanic
crust under the southern Asian plate initiated around ca.
160 Ma and the ductile deformation along the Karakoram
Fault (KF) initiated around ~27 Ma and the fault zone wit-
nessed continuous deformation until 15 Ma (Pundir et al.
2020a, b). Lakhan et al. (2020, 2023) constrained the age
of the Khardung Volcanic suite between 69 Ma for basaltic
andesitic rocks and 59 Ma for the more fractionated felsic
(dacite-rhyolite) members. These are inferred to be the last
phase of Ladakh Batholith magmatism. Sharma et al. (2022)
used detrital zircon population to identify distinct variations
in the sediment source and relative contribution to Zanskar
and Indus River flood plain deposits during the Quaternary
period.

Singh et al. (2023a, 2020a) suggested that the zircon
U-Pb age (~925 Ma) as the crystallization of Chaur grani-
toids complex of the Jutogh Thrust (JT) represents evidence
of the Neoproterozoic magmatism in the NW-Himalaya with
two more possible younger episodes of magmatism inferred
at~825.0 and~910.0 Ma. Sen et al. (2022) reported the
U-Pb zircon geochronology of Tethys Himalayan Sequence
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(THS) and granites from Bhagirathi valley of Western Hima-
laya. The zircon geochronology from THS has most promi-
nent peak at~ 1000 Ma indicating their derivation from
Higher Himalayan Crystallines. The U-Pb zircon geochro-
nology of the Bhairoghati Granite shows the crystalliza-
tion age of ~512 Ma and the Gangotri Leucogranite has the
crystallization age of ~21.7 Ma. Negi et al. (2023) carried
out extensive detrital Zircon geochronology of the Prote-
rozoic clastic successions of the Garhwal-Kumaon Lesser
Himalaya. The zircon age distribution from Inner Lesser
Himalaya and Outer Lesser Himalaya varies from Paleo-
proterozoic to Neoproterozoic. The age data reveals that
the sedimentation of the Rautgara formation sourced from
Neoproterozoic source too. Dhiman and Singh (2021) used
smaller Laser spot size (12—15 pm) in combination with high
sensitive MC-ICPMS to date the finely overgrown younger
age domains in zircon to identify the imprints of Cambro-
Ordovician tectono-thermal event with episodic overgrowth
and reworking of Neoproterozoic zircon cores observed in
granitic intrusions along Dalhousie and Dhauladhar range
(Himachal Himalaya).

Based on U-Pb zircon ages of mafic enclaves (500-
473 Ma) and felsic Abor volcanics 145-132 Ma) with dis-
tinct Sr and Nd isotopic signatures, Oinam et al. (2022) sug-
gested that the Indian sub-continent was an integral part of
the Gondwana supercontinent with multiple magmatic epi-
sodes during the Gondwana assembly and break-up events.
Oinam et al. (2020) further reported magmatic zircon U-Pb
age (521 Ma and 568 Ma) of the gabbro from the Pangin
mafic intrusive complex of the Siang window, eastern Hima-
layas. This new information gives the idea for two pulses of
mafic magmatism in Late Neoproterozoic and Early Cam-
brian respectively.

In a major development, Singhal et al. (2021) developed
the protocol for in situ Hf isotopic measurement at higher
spatial resolution by LA-MC-ICPMS. Conventionally, Hf-
isotopic measurements are carried out by LA-MC-ICPMS
at spot size of 40-50 pm. However, it was demonstrated that
without compromising on the precision of measurements,
Hf-Lu isotopic analyses can be performed at spot sizes down
to>25 pm under specific optimized instrumental conditions
using well characterized reference zircons as test samples.
This will benefit the users seeking Hf-isotopic information
on different age domains with a single crystal.

In addition to the U-Pb and eHf, analysis of the 87Sr/86Sr
and eNd in the rock, sediments and water samples (in liquid
mode) have the potential to infer the genesis and trace the
provenance of the same. However, most of the work car-
ried out in the liquid mode on the MC-ICPMS corresponds
to the provenance identifications of natural samples (Panda
et al. 2020, 2022; Das et al. 2022, 2023a). The study of the
extreme sedimentation events in the Arunachal Himalaya by
Panda et al. (2020) traces the source of the flood deposits
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using 87Sr/86Sr and ¢eNd compositions of the same. The
results conclude that the sediments transported by Siang
River during mega flood events are sourced from northern
Tibetan Plateau instead of Higher Himalaya which domi-
nates the sedimentary budget during normal flow conditions.
The dissolved 87Sr/86Sr compositional study of the Teesta
river system (Das et al. 2022) found a dominant role of sili-
cate lithology in 87Sr supply to the World Ocean and Ceno-
zoic marine 87Sr/86Sr evolution. The sediments provenance
fingerprinting of the Late-Quaternary relict alluvial fan in
the Brahmaputra plains (Panda et al. 2022) using 87S1/86Sr
and eNd compositions concludes an equal proportion of sed-
iment supply from both higher and lesser Himalaya during
multiple phases of fan development. Similar study incorpo-
rating the modern day alluvial deposits of Teesta river basin
(Das et al. 2023a) estimates the sediment contribution of
lesser Himalaya to be > 60%, making the same an excep-
tional Himalayan river system.

Status of low-temperature
Thermochronological studies, NE and NW
Himalaya (2020-2024)

NE-Himalaya To quantify the exhumation history of the
Arunachal region of the NE-Himalaya along the Lohit val-
ley, apatite/zircon U/He thermochronological studies has
been carried out by Mukherjee et al. (2022a) and suggest that
the Mishmi crystalline exposed at the southwestern moun-
tain front experiences the slowest exhumation, whilst rapid
exhumation in the Demwe Thrust (DT) zone suggests an out-
of-sequence thrusting at late Miocene (~7 Ma). Pebam et al.
(2021) studied three transects along the Kurung, Subansiri
and Siyom Rivers in the Arunachal Himalaya and suggests
the high exhumation rates controlled by structural windows
within the Lesser Himalaya between 8 and 6 Ma over blind
Main Himalayan Thrust (MHT) in eastern Himalaya. Geo-
morphological and geo/thermo-chronological responses of
the Indian plate deformation during the Neogene-Quaternary
period along the Eastern Himalayan Syntaxis suggest the
formation of the Manabhum anticline. The uplift rate is
higher in the Quaternary period (i.e.~3.2 mm/yr) as com-
pared to the Neogene uplift rate (i.e. ~2.3 mm/yr, Chakra-
barti et al. 2024) in the NW-Himalaya.

Kumaun Lesser Himalaya The compilation of AFT ages
of the Garhwal-Kumaun region suggests the spatial-tem-
poral variation in the exhumation rates and ages versus the
horizontal distance plot from the MBT to the South Tibetan
Detachment System (STDS) mirrors the exhumation pat-
terns as predicted in the out-of-sequence (O—O-S) model
of the Mio-Pliocene exhumation of the Himalaya (Singh
et al. 2022c). Apatite and zircon fission track thermochro-
nological data of Amritpur Granite Body (AGB) suggests
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that the MBT was developed during the middle Miocene
(~13-14 Ma) and solely responsible for exhuming the AGB
body to the surface as ‘Tectonic Slivers’. Furthermore, the
AFT age of ~5 Ma from the contact zone revealed the reac-
tivation of the MBT and associated faults during Pliocene
period (Singh and Patel 2022). Additionally, the scattered
pattern of seismicity also indicates that tectonic activity
along the MBT has almost ceased in the later phase of the
Quaternary periods (Singh et al. 2024). Moreover, detrital
FT ages revealed that the provenances of Siwalik sediments
are mainly located in the MBT hinterland areas and Amrit-
pur granite, the outer Lesser Himalayan meta-sedimentary
(LHMS) zone, Almora klippe, Ramgarh thrust sheet, and the
overlying THS are the nearest sources during the late Mio-
cene to Pliocene (i.e.~9 to 4 Ma) (Singh and Patel 2024).

Karakoram Fault zone The Fission Track ages of the
Southeast (SE) Karakoram region, Karakoram transpression
(KT) zone and Ladakh region has been reported by Pundir
et al. (2021). The Fission Track ages across the dextral
Karakoram Fault (KF) suggest that transpression controlled
exhumation from ~10 to 8 Ma. The study revealed that the
under thrusting of the Indian Plate below Tibet during the
late Mio-Pliocene was responsible for the rapid exhumation
rates of the Tibetan margin in the late Mio-Pliocene.

Department of Geology and Geophysics,
Indian Institute of Technology, Kharagpur

In the last four years, the Radiogenic Isotope facility of IIT
Kharagpur has generated significant geochronological and
isotopic data that are helping researchers in understanding
the geological evolution of the Indian Cratonic landmass,
and the formation of ore deposits, especially the strategic
metals such as uranium, tungsten, and rare earth elements,
among others. This facility houses a Multi Collector Induc-
tively Coupled Plasma Mass Spectrometer (MC-ICPMS), a
quadrupole ICPMS, and a 193 nm Excimer Laser Ablation
system and specializes in high-resolution and high-precision
mass spectrometry of geological and synthetic materials.
Currently, it is carrying out in-situ U-Pb isotope dating of
zircon, rutile, monazite, and baddeleyite, Hf isotope meas-
urements in zircon, B- and Li-isotope measurements in
tourmaline, clinopyroxene and micas, and in-situ Sr isotope
measurements in apatite, scheelite, calcite, and plagioclase.
In addition, methodologies have been developed using ion
exchange chemical separation protocols for determining the
isotopic composition of Sr, Nd and Hf for geochronology
and isotopic tracing.

Research outcome Some of the important recent publi-
cations that have come out from the data generated in this
laboratory are summarized below.

Ranjan et al. (2020a) described U-Pb ages, Hf isotope
composition and trace element chemistry of 3.95-3.10 Ga
detrital zircons from the Singhbhum Craton. The authors
noted a transition in the chemistry of the zircons from higher
Nb/Th, Nb/U, crust-like Hf isotope composition, and longer
crustal residence times of the protoliths prior to 3.7-3.6 Ga,
to lower Nb/Th, Nb/U, mantle-like Hf isotope compositions,
and shorter protolith residence times post 3.7-3.6 Ga.

Ranjan et al. (2022, 2020b) used the U-Pb-Hf iso-
tope composition of detrital zircon in metasedimentary
rocks from the Western Dharwar Craton and reported
major episodes of granitoid crust formation in the cra-
ton at 3685-3638 Ma, 3573-3524 Ma, 3471-3411 Ma,
3373-3341 Ma, 3277-3249 Ma, 3172-3148 Ma,
3084-2996 Ma, and 2659-2647 Ma while metamor-
phic overgrowths were observed at 2536-2516 Ma, and
2478-2460 Ma. Authors also assigned the maximum dep-
ositional ages of older Sargur and Bababudhan Group at
Holenarsipur region at 3160 Ma and found younger Sargur
Group at Sargur region is much younger (<c. 2650 Ma).
They also noted that majority of zircons from this region
have radiogenic compositions reflecting 3850-3250 Ma
juvenile sources.

Ravindran et al. (2023) found that U-Pb zircon ages of
granitoids vary between 3.6 and 3.0 Ga of different intrusive
and extrusive felsic and sedimentary rocks from the Western
Dharwar Craton. Hf-Pb-Sr isotope compositions and trace
element chemistry indicate that the oldest granitoids were
derived by partial melting of mafic material and mantle
rocks. The authors argued that the Mesoarchean felsic crust
of the Western Dharwar Craton formed by differentiation of
amphibolite/eclogite-derived melts with increasing contribu-
tions of reprocessed crustal material between 3.6 and 3.0 Ga.

Chakraborty and Upadhyay (2020) used Li isotopic com-
position of muscovite and B-isotopic composition tourma-
line from S-type pegmatites and their host granites to find
that they become lighter from the wall to core zone of inter-
nally zoned pegmatites resulting from Rayleigh fractional
crystallization operating in tandem with vapor exsolution.
Chakraborty et al. (2022) used B isotope composition of
tourmaline from schists, quartzites, and tourmaline-quartz
veins of the Gangpur Schist Belt in eastern India to constrain
the source of boron and the physicochemical evolution of
B-rich fluids during prograde dehydration metamorphism.

Singh et al. (2021a) reported shock metamorphism in
melt breccia in the Simlipal complex (Singhbhum Craton).
U-Pb zircon dates from impact melt rock and granophyre
yield concordia ages of 3107-3108 Ma and 3108-3113 Ma
respectively, which may date the bolide impact. Singh
et al. (2021b) also reported an extensive detrital zircon
U-Pb ages from the metasedimentary rocks of the complex
with major age peaks at 3.63 Ga, 3.46-3.26, 3.17-2.95,
2.87-2.75 Ga, and 2.54 Ga which suggest that the bulk
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of the sediments were derived locally from the Singhb-
hum Craton and assigned the deposition of the sediments
between ca. 2.8 Ga and 2.5 Ga.

Hazarika et al. (2021) measured 8''B values between
-14 and -3.3 %o for tourmaline from the Hutti and Kolar
orogenic gold deposits in the Eastern Dharwar Craton and
modelled the release of boron and associated B-isotope
fractionation during prograde metamorphic dehydration
of representative mafic and pelitic greenstone rocks using
mass balance approach. They noted that the majority of
measured tourmaline 8''B values from orogenic gold
deposits of all ages can potentially be explained by dif-
ferent peak metamorphic temperatures with a single fluid
source.

Mondal et al. (2021) used textural relations, major-trace
element chemistry and Li-isotope composition of pyrox-
ene and amphibole in the Siwana peralkaline granite of the
Malani Igneous Suite to constrain the magmatic evolution of
the granites and the mechanism of hydrothermal rare earth
element (REE) mineralization.

Panicker et al. (2021) obtained an emplacement age of
3242 + 17 Ma for the Doddakadanur anorthosite complex
in the Holenarsipur greenstone belt using U-Pb dating of
zircon. The zircon ages also help to constrain two metamor-
phic events at 3159 +25 Ma and 2538 + 11 Ma. The results
suggest that the mafic—ultramafic rocks of the Holenarsipur
greenstone belt are at least 3.24 Ga old.

Dora et al. (2021) described whole-rock geochemistry,
U-Th-Pb ages of zircon and monazite from Neoarchean
TTGs, sanukitoids, and Paleo to Mesoproterozoic granites,
and Sm—Nd isotope data from mafic enclave within TTGs
of the Western Bastar Craton. U-Pb ages of zircon helped
to constraint the TTG magmatism at 2544-2496 Ma, while
3259-3142 Ma Nd-model ages of mafic enclaves within
the TTGs suggest the presence of Paleoarchean crust in
the craton. Zircon and monazite ages were also used to
constrain the emplacement of the younger Mul granite at
1666-1547 Ma,

Dora et al. (2023) reported Sm—Nd isotope composition,
and U-Th-Pb geochronology of rocks from the Betul belt.
The authors obtained a U-Pb zircon age of 2167 + 11 Ma for
basement gneisses, a Sm—Nd isochron age of 2051 + 80 Ma
for mafic volcanics, U-Pb zircon age of 1715+ 10 Ma
for rhyolite, 1671 +29 Ma age for Morka granite, and
954 + 10 Ma age for the younger Nawagaon granite.

Meshram et al. (2021) attempted to constrain the petro-
genesis of the Gondpipri granulites from the Bhopalpatnam
granulite belt. Zircon U-Pb ages indicate that charnockites
from both granulite belts were emplaced at c. 2.5 Ga, and
also recorded a metamorphic overprint at c. 2.47 Ga. The
authors argued that the similarity in protolith composition
and U-Pb ages of zircons in charnockites across the Goda-
vari rift suggest that they constitute a cogenetic and coeval
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suite emplaced in an undivided and continuous Paleo-Mes-
oarchean landmass.

Mabhapatro et al. (2022) reported a U-Pb zircon magmatic
emplacement age of 1626 + 15 Ma for the Chaitma Alkaline
complex of CITZ and proposed it presumably formed during
a short period of crustal extension.

Bhuyan et al. (2023) reconstructed the B-isotopic com-
position of Paleoproterozoic seawater using 8''B of tour-
maline from the Paleoproterozoic Pb—Zn deposits and of
Rajpura-Dariba, Zawarmala, and Rampura-Agucha in the
Aravalli-Delhi Fold Belt, as well as non-mineralized tourma-
line bearing metapelites from the Mangalwar Complex and
the Gangpur Schist Belt to constrain the source of mineral-
izing fluid. Baidya et al. (2023) used U-Pb isotope ages of
monazite from the Khetri Copper Belt to constrain the tim-
ing of alteration/mineralization in the Khetri Copper Belt.
The U-Pb ages were used to argue that the IOCG minerali-
zation in the KCB is recursive and took place at c. 1.31 Ga
and 0.85-0.82 Ga.

Ghosh et al. (2021) used B-isotope composition of tour-
maline from the Balda and Motiya tungsten belt to constrain
the nature of the tungsten-bearing hydrothermal fluid and
the processes involved in the precipitation of wolframite
and inferred that it was primarily granite-derived. Ghosh
et al. (2023a) used Li-isotope composition of zinnwaldite
from Degana, to constrain the source and evolution of the
ore fluid, the precipitation mechanism of W and the roles
of fractional crystallization, fluid exsolution and fluid-rock
interaction in the mineralization process. A U-Pb concordia
age of 838 +9 Ma retrieved from magmatic domains of zir-
con from the Degana granite is inferred to represents the age
of emplacement and maximum age of the W-mineralization.

Patel et al. (2021) used the chemical and B-isotope com-
position of tourmaline that co-precipitated with uraninite
in schistose rocks of the Mohuldih and Bagjata uranium
deposits (Singhbhum Shear Zone) to constrain the sources
and the nature of the mineralizing fluids, along with the
mechanism of primary uraninite precipitation. The 8''B of
the tourmaline are consistent with IOCG-type mineralization
along the Singhbhum Shear Zone. U-Pb dating of textur-
ally-constrained hydrothermal monazite grains of 1855 Ma
obtained from early core regions of monazite corresponds
to the earliest stage of uraninite mineralization while the
1.65 Ga, 1.44 Ga and 0.96 Ga events correspond to meta-
morphic overprints and associated hydrothermal alteration
(Patel et al. 2023).

Chandra et al. (2022) reported for the first time, in-situ
measured 37Sr/*®Sr isotope ratios of apatite from Amba
Dongar and Kamthai carbonatite complex using LA-MC-
ICPMS. The Sr isotopic compositions of the Kamthai and
Amba Dongar carbonatites were found to be similar and
correlate well with the uncontaminated Ambenali Formation
(®7St/%Sr;: 0.7044 +0014) of the Deccan LIP.
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Pradhan et al. (2022) reported U-Pb dates of texturally-
controlled peak metamorphic rutile grains in the hottest HP
granulite sole rocks of the Nagaland-Manipur Ophiolite
complex which yielded cooling ages of c. 181 +4 Ma. These
findings provide critical new information on the thermal his-
tory during subduction initiation, and constitutes the oldest
recorded subduction event yet from the Yarlung-Tsangpo
Suture Zone in the Nagaland-Manipur Ophiolite complex.

Mukherjee and Vadlamani (2023) used precise combined
garnet Lu—Hf and Sm—-Nd chronology of amphibolite-and
granulite-facies rocks of Bhopalpatnam orogen, developed
between the Eastern Dharwar and Bastar cratons to con-
strain orogeny duration of ~38+19 Mya (1721 + 14 Ma to
1683 + 6 Ma) and its paleogeographic implications. Nandi
et al. (2023a, b) used U-Pb dietrital zircon ages to constrain
maximum depositional ages at <3.10 Ga for Sukma Group
and 2.4 Ga for Bengapal Group of rocks; thus defining a
considerable hiatus in depositional history of the two supra
crustal succession. Nandi et al. (2022) further identified
Mesoarchean tectonothermal relict at 2.99-2.94 Ga over-
printed in Sukma Group metasediments in Baster craton.

Using Lu—Hf and Sm—Nd garnet isochron ages, Mukher-
jee et al. (2022b) constrained the Neoarchean (2.73-2.70 Ga)
accretionary history of the Karimnagar granulite facies
supra-crustal enclaves in eastern Dharwar Craton.

In Singhbhum craton, Adhikari et al. (2021a, b)
reported Sm—Nd isochron age for Paleoarchea basal-
tic (3573 £63 Ma), Komatitic basalt and dacitic
(3507 + 180 Ma) volcanics of Iron Ore Group and were
suggested to have produced from a plume activity. Whereas
the Jagannath Volcanics (2799 + 67 Ma) and Ghatgaon
(2762.4 +£2.0) and Keshargaria (2800.2 +£0.7 Ma) dyke
swarms resulted from an interaction of enriched-DMM
derived magma with metasomatised subcontinental lith-
ospheric mantle. In order to constrain the depositional age of
the Western Iron ore group, Adhikari and Vadlamani (2022)
estimated Sm—Nd isochron ages of the interbedded volcano-
sedimentary rocks at~3.06 Ga.

National Centre for Polar and Ocean
Research (NCPOR), Goa

National Centre for Polar and Ocean Research (NCPOR)
performs research activities in the polar and Southern
Ocean realms. The isotope geochemistry lab at NCPOR is
equipped with a Neptune Plus Multi-collector ICPMS and
a metal free clean laboratory equipped with sample treat-
ment including column chemistry. In an innovative attempt
to reconstruct past atmospheric CO,, Tarique et al. (2021)
measured B-isotopic composition (5!'B) in marine carbon-
ates (planktonic foraminifera and cores) from the Arabian
Sea. A protocol was developed for precise measurement of

B-isotopic composition of planktonic foraminifera and cor-
als by Tarique et al. (2021, 2023). B-isotopic composition of
corals and foraminifera samples from the Arabian Sea were
used as proxy for surface ocean pH to assess the role of the
tropical Indian Ocean in past atmospheric CO2 variability
and recent ocean acidification trends caused by anthropo-
genic CO2 emissions. This groundbreaking achievement,
carried out at the NCPOR, showcase the first successful
demonstration of its kind from an Indian laboratory.

In a recent study, Prabhat et al. (2022) made a successful
attempt to reconstruct past deep water circulation history of
the Indian Ocean based on Nd isotope record and explained
“when and how” changes from ancient to modern-like deep
water circulation occurred in the Indian Ocean. The first
long-term deep water circulation record of the past~11 Ma
from the Indian Ocean reveals profound and widespread
impact of the tectonic closure of the Central American Sea-
way and timing of the onset of modern-like deep-water cir-
culation in the Indian Ocean since the past~6 Ma (Miocene-
Pliocene transition).

National Centre for Earth Science Studies
(NCESS), Thiruvananthapuram

In the past few years, NCESS has made significant progress
in building state-of-the art analytical infrastructure related
to the different spectra of Earth Science. Recently, NCESS
established an Isotope Geochemistry Facility. This Facility
at present hosts an Agilent make 7800 Quadrupole ICP-MS
and a Nu-PLASMA-III Multi Collector -ICP-MS. A Tel-
edyne CETAC LSX-213 G2 + Laser Ablation System with
two volume HeLEx II Sample Ablation Cell is used for
in situ micro sampling for isotopic analyses either by inte-
grating with quadrupole ICP-MS for U-Pb geochronology
or with MC-ICPMS for Hf isotopic analyses. MC-ICPMS
is also used in solution mode for precise Sr—Nd isotopic
measurements. Highlights of important contributions from
the facility are summarised at the end of this article.
Research outcome New zircon U-Pb/Hf isotopic data
from basement charnockites, gneisses, granitoids, and alka-
line intrusive units from the central part of Southern Granu-
lite terrane suggest a common Paleoproterozoic ancestry for
the Southern Granulite terrane and its corresponding Gond-
wanan fragments, proposing a revision to the existing geody-
namic models (Tomson and Amal Dev 2023). P—T-t history
of HT-UHT metapelites were determined using combined
phase equilibrium modelling and zircon-monazite-apatite-
rutile geochronology, an attempt was made to understand
tectonothermal evolution of the Madurai Block, which is
the largest crustal block in the SGT. This study identified
for the first time that the Madurai block has a differential
cooling history, which is slow cooled followed by ultra-slow
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cooled pattern (Dev et al. 2021, 2022, 2023a). To investi-
gate in detail, the relation between HT-UHT metamorphism
and mafic magmatism within the SGT, U-Pb ages and Hf
isotope data of mafic granulites within Madurai Block
were determined. The study shows that mafic magmatism
pre-conditioned the crust to generate the HT-UHT meta-
morphism (Dev et al. 2023b). Extending the study to the
southernmost crustal block of the SGT known as the Nager-
coil block, U-Pb ages and Hf isotope signatures of mafic
granulites from the area were determined to understand in
detail about their petrogenesis and significance vis-a-vis the
550 Ma regional metamorphic event (Sajna et al. 2022).
the Cuddapah basin, new geochronological and geo-
chemical data (zircon U-Pb), reveal that that the sedimen-
tation in the Srisailam sub-basin initiated after ca. 1840 Ma
and continued till <ca. 1770 Ma and the sediments were
mainly sourced from Neoarchaean to Paleoproterozoic ter-
rains including the Dharwar Craton (Mukherjee et al. 2023).
Ghosh et al. (2023b) reported crystallization age of felsic
quartzo-feldspathic gneissic protoliths as ~2.52 Ga gneisses
from Sandmata Complex in Aravalli Craton, NW India,
while Zircon and monazite geochronology show that peak
metamorphism occurred at ~ 1.90-1.78 Ga in the area.

Concluding remarks

This report includes research outcome of some key facilities
in India that are aggressively producing high quality isotopic
and geochronologic data, applied for better understanding
of the Earth and its geologic processes. Key publications
and research finding included in this report are based on
indigenously measured isotopic compositions in the Indian
Laboratories only. However, there may be many more pub-
lications inadvertently missed out or overlooked. There
has been a huge jump in research activities and publication
around high precision isotopic composition and geochro-
nologic applications during the last decade or so. This has
been possible through generous funding from the govern-
ment agencies to bolster the needs of the Indian geoscientific
communities. Our dependency on foreign collaboration and
isotope laboratories have now minimised with the availabil-
ity of the latest equipments and manpower, bolstering the
quality research in isotope geochemistry and geochronology,
that are likely to grow many folds in near future.
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