T ot € 7w - Tt gedt er—
ﬁmﬂa?imﬂ% Azadik,

Amrit Mahotsav

MoES - NATIONAL CENTRE

FOR EARTH SCIENCE
STUDIES

ANNUAL REPORT
a021-2022

Committed to Earth and its Future gedf} 3R 3 wfaw & forg ufqag



FRONT COVER

Left Panel (from top):

1. Establishment of a broadband seismological observatory at Larsemann Hills,
Antarctica.

2. Map and Digital Elevation Model (DEM) of hydrological study area (Periyar basin)
in Western Ghats with location of sampling stations.

3. Spatial distribution of PM2.5 mass concentration during the winter season of 2007—
2021 over India.

Right Panel (from top):

1. Location and panoramic view of Taliye landslide in Maharashtra, India.

2. SEM images of activated carbon prepared from pistachio shell, before and after
adsorption of malachite green dye.

3. Map of the hydrographic study area in Eastern Arabian Sea indicating the
Conductivity — Temperature - Depth (CTD) measurement locations.

Annual Report 2021 — 2022

Published by Director,
National Centre for Earth Science Studies

Coordination & Compilation Dr. A. Krishnakumar
Dr. C. K. Unnikrishnan
Shri. S. R. Unnikrishnan



CHLERIGEE]

ANNUAL REPORT

2021-2022

TH 3N $ U — ISR gl fage sruad o
(gedl fa= #3TeTd, ARA WRBR)
&l =, 7250, 3fdhed, frod=dyRA — 695011, AT

MOoES - National Centre for Earth Science Studies
(Ministry of Earth Sciences, Govt. of India)
P.B. No. 7250, Akkulam, Thiruvananthapuram — 695011, India

XYY / Phone: +91-471-2442213, 2511720, 2511501
%ad / Fax: +91-471-2442280

-9l / E-mail: director@ncess.gov.n

Jearge / Website: www.ncess.gov.in



RESEARCH AND DEVELOPMENT ACTIVITIES

Vision: To excel in solid earth research and its applications.

Mission: Foster multi-disciplinary research in emerging areas of solid earth science and provide

services by utilizing the knowledge for earth sciences applications and generate leadership capabil-
ities in selected areas.



Contents

From the Director’s Desk vii

Committees ix

Preface xiii

1. Research Highlights 1

1.1 A new broadband seismological observatory at Larsemann Hills, Antarctica

1.2 Development of analytical protocol for chemical dating of monazites in NCESS

1.3 Timings of heating and cooling episodes in the Southern Granulite Terrain (SGT)

1.4 Understanding fore-arc processes from mud volcanoes of the Andaman Islands

1.5 Weathering and solute transport in small catchment rivers of southern Western
Ghats

1.6 Moisture recycling and evaporation processes along the Western Ghats

1.7 Holocene monsoon and sea-level variability from coastal lowlands of Kerala

1.8 Wave analysis at Valiathura beach using coastal video monitoring techniques

1.9 Submarine Groundwater Discharge — Phase-1

1.10  Assessment of PM2.5 using satellite lidar observations

2. Awards, Honours & Human Resource Development 5

2.1 Awards

2.2 Membership in committees outside NCESS

2.3 Invited Lectures / Chairing of Technical Sessions

2.4 Human Resource Development

3. Research Activities 11

3.1 Solid Earth Research Group 11

3.1.1  Broadband Seismological Observatory at Larsemann Hills, Antarctica
3.1.2  Chemical dating of monazite

3.1.3  Timing of metamorphism and cooling in south Indian granulites: New
results

3.1.4  Pulsed tectonic evolution in long-lived orogenic belts: An example from
the Eastern Ghats Belt

3.1.5  Structural variability and magnetization contrasts beneath SGT

3.1.6  Sub-crustal mantle lithospheric modification beneath the thick
sedimentary fan of Bay of Bengal

3.1.7  Geochemistry of meta-sediments from Neoproterozoic Shimla and Chail
Groups of Outer Lesser Himalaya

3.1.8  C-Srisotope stratigraphy of carbonate formations of the Marwar
Supergroup, western India

3.1.9  Origin of breccia in mud volcanoes of the Andaman accretionary prism

NCESS Annual Report 2021-22 il



32

3.3

34

v

3.1.10 Evaluating the connectivity of the Yamuna and the Sarasvati during the
Holocene
3.1.11 Heavy minerals in provenance studies
3.1.12  Gravity inversion for heterogeneous sedimentary basin
3.1.13  Gravity inversion of 2D fault having variable density contrast
3.1.14  Gravity inversion of basement relief using Particle Swarm Optimization
3.1.15 Structure estimation of 2D listric faults
Crustal Dynamics Group 24
3.2.1  Slope stability and landslides
3.2.2  Paleo-fluids in the petroliferous basins of western offshore, India
Hydrology Group 25
3.3.1  Groundwater chemistry of a mountainous catchment
3.3.2  Freshwater sources of Kerala - Hydrometeorological scenarios,
environmental threats and management strategies
3.3.3  Major element chemistry of the Bhavani River, SW India
3.3.4  Spatiotemporal variability of rainfall and its effect on hydrological
regime in Western Ghats
3.3.5  Moisture recycling and evaporation processes along the Western Ghats
3.3.6  Impact of flood on groundwater hydrochemistry
3.3.7  Water quality assessment of tropical freshwater lakes of Kerala
3.3.8  Implications of methane emissions in biogeochemical budgeting
3.3.9  Groundwater quality assessment using Entropy Water Quality Index
3.3.10 Geochemical analysis of soils and sediments in Western Ghats
3.3.11 Geochemical aspects and contamination evaluation of major and trace
elements in the sediments of Kallada river, southern Western Ghats, India
3.3.12  Indian thermal springs
3.3.13  Paleoclimatic and paleoceanographic records from the Bay of Bengal
sediments during the last 30 ka
3.3.14 Linkage of Indian monsoon with the North Atlantic climate during the
Holocene
3.3.15 Holocene monsoon and sea-level variability from coastal lowlands of
Kerala
3.3.16 Holocene changes in fluvial geomorphology, depositional environments,
and evolution of coastal wetlands
3.3.17 Holocene climate and sea-level changes in South Kerala Sedimentary
Basin
3.3.18 Holocene evolution of coastal wetlands - A case study from Southern
Kerala
3.3.19 Dating techniques used in late Quaternary Period
Biogeochemistry Group 42
3.4.1  Hydrogeochemistry of the Indian thermal springs

NCESS Annual Report 2021-22



3.5

3.6

4.2
4.3
5.
6.
7.
7.1
7.2
7.3
8.
8.1

3.4.2  Mechanisms controlling the dissolved load, chemical weathering and CO,
consumption rates of Cauvery River
3.4.3  Identification of groundwater potential zones in southern India
3.44  Assessment of land degradation vulnerability in Kasaragod, Kerala (humid
tropics) and Virudhunagar, Tamil Nadu (sub-tropics)
3.4.5  Groundwater hydrochemical characteristics and saltwater intrusion in
Cauvery deltaic fluvial plains
3.4.6  Identification of groundwater potential zones in Karumeniyar river basin
(semi-arid region)
3.4.7  Effect of trace metal contamination in sediments on the bioaccumulation
of bivalve Meretrix meretrix
3.4.8  Anenvironmental green approach for the effective removal of malachite
green from estuarine waters
Marine Geoscience Group 49
3.5.1  Nearshore wave analysis from coastal video monitoring techniques
3.5.2  Reconstruction of the paleoenvironment of the Late Quaternary sediments
of the Kerala coast
3.5.3  Palaeoredox reconstruction in the eastern Arabian Sea since the late
Miocene
3.5.4  Salinity and temperature profiling for the submarine groundwater
discharge simulations
3.5.5  Numerical modelling of submarine groundwater discharge in the coastal
catchments of SW India
Atmospheric Science Group 53
3.6.1  Assessment of PM2.5 using satellite lidar observations
3.6.2  Raindrop size distribution of stratiform precipitation over southwest India
Research Output 57
Publications
4.1.1  Papers in Journals (SCI)
4.1.2  Papers in Journals (non-SCI)
4.1.3  Papers in Edited Volumes / Monographs
Books
Papers presented in Conferences / Seminars / Symposia
External and Consultancy Projects 69
New Facilities 73
Conference, Seminar & Workshop 75

Webinar on Recent Advances in Atmospheric Sciences

Webinar as part of Azadi ka Amrit Mahotsayv celebrations

NCESS Foundation Day 2022

Extension Activities 77

Inauguration of New Entrance Gate

NCESS Annual Report 2021-22 v



8.2 Swachhata Pakhwada

8.3 Hindi Fortnight Celebrations

8.4 Vigilance Awareness Week

8.5 World Hindi Day

8.6  India International Science Festival (I1ISF) 2021
8.7 Earth Science Forum

9. Staff Details 81
9.1 Director’s Office

9.2 Solid Earth Research Group

9.3 Crustal Dynamics Group

94 Hydrology Group

9.5 Biogeochemistry Group

9.6 Marine Geoscience Group

9.7 Atmospheric Science Group

9.8 Central Geomatics Laboratory

9.9 Library

9.10  Administration

9.11 Retirements

9.12  New Appointments

10. Balance Sheet 83

vi NCESS Annual Report 2021-22



From the Director’s Desk

OC hen the future

generations look back on
the events of the year 2021-
2022, they will not only see
the entire world in the grip
of a novel coronavirus but
also witness the power of indomitable human spirit.
Future Indians would particularly feel proud for the
nation’s effort in successfully tackling the pandemic
by producing, administering, and distributing
vaccines. We at NCESS made sure that the spread is
contained and everybody was vaccinated. Except for
the first few months of the year, we were back to the
normal mode of working. I applaud my colleagues
for navigating through those difficult times and
producing some excellent scientific results.

Mandated to carry out research and development
in Solid Earth Sciences, NCESS is funded through
the Seismology and Geoscience (SAGE) scheme
of the Ministry of Earth Sciences (MoES). In the
new Plan period that began in the Financial Year
2020-2021, the six research groups of NCESS
began implementing 15 research projects under the
theme of “Geodynamics and Surface Processes
(GSP)”. The year 2021-2022 probably was one
the most productive years for NCESS in recent
times. Our researchers had published a total of 83
peer-reviewed research articles and 3 books. Four
research scholars were awarded PhD degrees, a
scientist own the certificate of merit award from
MOoES, and two young researchers got best paper
awards in conferences. Several colleagues were
invited to serve as Chair/Member in editorial boards
of journals, board of studies of universities, various
national expert/advisory committees. Our scientists
delivered 24 invited talks in various institutes/
conferences/symposia.

In the research front, the following important

results had been reported by the researchers of
NCESS.  LA-ICPMS U-Pb  geochronological
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studies on zircons and monazites from
granulite of Southern Granulite Terrane
revealed two distinct thermal events;
a Paleoproterozoic high-T event and
associated crustal anatexis at ~2.5 Ga,
and a Neoproterozoic Ultra high-T event
at ~550 Ma, with the latter monazite
data hinting at a prolonged (50-60 Ma)
thermal event, attributed to collisional
orogenesis. Mineralogical, geochemical
and Sr-Nd-Pb isotopic study of mud
breccia, ejected at the mud volcanoes
of the Andaman accretionary prism,
located at the Indian Plate-Burma
Plate convergent margin, suggested
that these mud volcanoes originate
from the tectonic mélanges located
near the décollement, thus providing
a window to the fore-arc processes.
The water isotopic compositions of
precipitation in the humid regions of
the Western Ghats showed limited
altitude effect; however, these rains
did contain an appreciable amount of
recycled moisture (~8.5%). NCESS, in
collaboration with nine working groups,
had successfully completed the Phase-1
of the national network program on
Submarine Groundwater Discharge
(SGD). This project had identified nine
perennial fresh SGD zones along the
southwest coast of India that leaked
about 6% of the rainwater into the sea.
The evaluation of project proposals
from various institutes are in progress
for the implementation of Phase-11 of
the project, which envisages to quantify
the amount of SGD long the entire
Indian coast and understand its impact
on the coastal ecosystems.

NCESS had established a Broad Band
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Seismometer (BBS) at the Bharti Station in
Antarctica, during the 41° ISEA to study the
crust/mantle structures of East Antarctica.
Partnering  with NCPOR, NCESS had
initiated a study on the polar region air-ice-sea
exchange, at Prydz Bay of Antarctica. NCESS
had undertaken two scientific cruises during
the year 2021-22; one to the Arabia Sea (SK-
369) to study the coastal processes along the
west coast of India and one to the Bay of
Bengal and the Andaman Sea (SK-373) to
study palacoceanography, paleoclimate, and
subduction zone processes using sediment
(core) and (volcanic) rock samples.

To improve the academic activities within
the institute, a seminar series called the
“Earth Science Forum” was revived with
weekly seminars by scientists/scholars of the
institute as well as by invited speakers. NCESS
celebrated Azadi Ka Amrit Mahotsav, the 75%
year of Indian Independence, with a webinar
lecture by Padma Shri Michel Danino of IIT
Gandhinagar on “The Sarasvati River’s Decline
in the Holocene”, on 22 April 2021. NCESS
observed its 8" Foundation Day on 3 January
2022 with an online lecture by the Chairman of
the Research Advisory Committee of NCESS,
Prof. SK. Tandon, on “The Anthropocene
Concept: Focus on the Terrestrial Hydrosphere”.
Dr. Satish C. Tripathi, General Secretary, The
Society of Earth Scientists, delivered an online
talk on “Geo-conservation and Geo-tourism”
in Hindi to commemorate the World Hindi Day
on 10" January 2022.

viii

In the organizational front, several objectives
were achieved during the year 2021-2022.
Three scientists were recruited and action
was initiated to fill the vacancy in another
three posts. The National Geosciences Data
Centre (NGDC) was established in NCESS
and the portal will be open to users upon
completion of the security audit by the
National Informatics Centre. Although the
renovation of the administrative block was
delayed due to various reasons including
the pandemic, a state-of-the-art transformer
could be brought in for NCESS to cater
to the requirements of all sophisticated
laboratories. Through limited consultancy
activities, NCESS could generate some
amount of corpus funds, which shall be

utilized for various welfare schemes for the
staff.

In spite of the pandemic related difficulties
during early part of the year, NCESS had
made significant progress in terms of
scientific research during the year 2021-2022.
Each member of the institute contributed
to this effort. We are proud to be part of an
institute that not only works toward achieving
the mandate set by the central government,
but also caters to the local/state needs. On
behalf of NCESS, I am extremely happy
to place this Annual Report before all well-
wishers of the institute.

Dr. Jyotiranjan S. Ray
Director, NCESS
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Preface

The research activities of NCESS are carried out under the theme “Geodynamics and Surface
Processes (GSP)”, which focusses on Geodynamic Evolution of the Indian Plate, Complexities
of Coastal Processes, Surface and Groundwater Hydrology, Critical Zone Processes and
Natural Hazards. Fifteen research projects are currently being implemented by the six Research
Groups of the Centre; Solid Earth Research Group (SERG), Crustal Dynamics Group (CDG),
Hydrology Group (HyG), Biogeochemistry Group (BgG), Marine Geoscience Group MGG),
and Atmospheric Science Group (ASG).

The projects under “Geodynamics and Surface Processes” are:

1. Geodynamic evolution of Archean cratons, Proterozoic mobile belts, and Active
subduction zones

Internal structure of volcanic eruptive centers by Muon Tomography

Deep lithospheric and Asthenospheric structures and Origin of shear zones
Early Earth Differentiation Processes

Hydrocarbon Fluid Inclusions in Sedimentary Basins of India

Slope Stability and Landslide

Coastal ocean dynamics and boundary exchanges, their role on climate regulations

e o

Origin, evolution and paleoclimatic implications of estuarine-continental margin sediments

9. Submarine Groundwater Discharge

10. Critical zone studies of Peninsular India

11. River and Groundwater hydrology of Peninsular India

12. Evolution and water potential of natural springs of India

13. Bio-geochemistry and nutrient fluxes of rivers and coastal environments

14. Thermodynamical and microphysical processes of Clouds & Cloud-aerosol feedback
processes and its influence on weather systems

15. Dynamics of thunderstorms and lightning

Solid Earth Research Group (SERG): The main research objective of the Solid Earth Research
Group is to understand the origin and evolution of the planet Earth and its various reservoirs
such as the crust, mantle and the core. To achieve this the group focuses on deciphering the
timescales and understanding the processes of geodynamic evolution of the Archean cratons,
Proterozoic mobile belts, Purana Basins and mountain belts of Peninsular India. In addition,
the research of the group aims at understanding the chemical evolution of the Earth’s mantle
since the earliest differentiation events by studying mantle derived rocks of different ages, at
different tectonic settings, including active subduction zones. Other activities of the group
include delineation of lithospheric structures under various Indian crustal blocks and shear
zones, evolution of Quaternary landscapes, and muon tomography of Indian volcanoes.

Crustal Dynamics Group (CDG): This Group addresses scientific issues related to near
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surface dynamic processes on land. The focus has been understanding the causes and effects of
slope failures. With the help of satellite imagery, field studies and geochemical characterization
of soil/rock, the group attempts to help predict landslides and suggest mitigation. The activities
of the group also include understanding of hydrocarbon fluid movements in sedimentary basins
leading to mineralization.

Hydrology Group (HyG): The Hydrology Group focuses on basic and applied aspects of
research in hydrology and water resources with specific reference to Earth’s Critical Zone. Earth’s
Critical Zone is a complex natural environment where rock, soil, water, air, acrosols, solar energy
and living organisms interact and shape the Earth’s surface. The Critical Zone is experiencing
ever increasing pressure from rapid economic developments. A better understanding of the
processes taking place from tree to the aquifer bottom is very essential in the context of India’s
rapid economic developments and global climate change scenario.

Biogeochemistry Group (BgG): Biogeochemistry Group focuses on the study of
physicochemical, geological and biological processes and reactions that govern the characteristics
of natural environment. The Group also studies the changes in the biogeochemical cycles of
elements in the current climate change scenario. The group employs geochemical/isotopic and
microbiological modeling to interpret environmental processes and their effects on the global
biogeochemical cycles. The thrust areas of research include biogeochemical studies is waters
of estuaries, coastal oceans, springs and fresh water bodies on land with an emphasis on solute
fluxes/dynamics and speciation, pesticide/organics fragmentation and degradation, water quality
monitoring, pollution assessment and mitigation strategies.

Marine Geoscience Group (MGG): The focus of the Marine Geoscience Group has been
the understanding of waves, currents and sediment transport and their effects on beaches and
nearshore environment, with a special emphasis on modelling of coastal processes along the
west coast of India. The activities include running high-resolution numerical models capable
of simulating coastal ocean dynamics and boundary exchanges, establishing video based
Coastal Monitoring network and investigating the evolution coastal ocean terraces. The national
network project on Submarine Groundwater Discharge, aimed at quantifying the amount and
understanding the impact of fresh groundwater discharge to the Bay of Bengal and the Arabian
Sea, also forms a major activity of the group.

Atmospheric Science Group (ASG): The Atmospheric Science Group in NCESS is actively
engaged in the basic and applied research on atmospheric clouds, aerosol-cloud interaction,
thunderstorms, lightning and atmospheric electricity, and regional climate over Western Ghats
to improve the forecasting of meteorological hazards.
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1. Research Highlights

11 A new broadband seismological
observatory at Larsemann Hills, Antarctica

A new Broadband Seismological Observatory
near the Bharati station, East Antarctica was
successfully  established. Continuous time
series data were collected and analysed to
check the quality. These data along with global
seismological data will be utilized for a detailed
mapping of crustal and mid-to-upper mantle
structures beneath the Prydz Bay region of
Princess Elizabeth Land of Antarctica and
Eastern Ghats Belt of India to decipher
the patterns of crust/mantle deformation.
Combining this information with the geological
data sets attempts will be made to understand
the geodynamic evolution of Antarctica and
India, since the time of Gondwanaland, when
both the continents were together.

1.2 Development of analytical protocol for
chemical dating of monazites in NCESS

The calibration and quantification set-up
conditions  for monazite geochronology
(analytical protocol for U-Th-total Pb) using
an SXFive Tactis EPMA have been successfully
established at NCESS. Consistency in the
chemical-chronological data from monazites
of known ages confirms the reliability of
the NCESS-EPMA facility for the U-Th-Pb
chemical age dating. By applying the same
analytical setup, monazites from metapelites
of the Madurai Block of Southern Granulite
Terrain, India yield two peak ages in probability
density diagram; ~505 Ma and ~590 Ma, which
are similar to the *Pb/**U ages (ca. 506 Ma
and ca. 585 Ma) obtained using LA-ICPMS at
NCESS.

https:/ [ doi.org/ 10.1007 / s12040-021-017384

1.3 Timings of heating and cooling episodes
in the Southern Granulite Terrain (SGT)

A significant amount of high to ultrahigh-
temperature (HT-UHT) metamorphic rocks
occur the Kambam belt in the central part of

the SGT in the Madurai block. Geothermo-
barometry and pseudo-section modelling of
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the granulite using mineral chemistry, zircon
geochronology and Lu-Hf isotopic data reveal
that the HT-UHT metamorphic conditions in
these rocks had a clockwise P-T path, which
suggests significant decompression and cooling,
The results classify the Madurai block as a
classic slow cooled granulite terrane with long
lived UHT orogenic history. This has significant
implications for the presently proposed tectonic
models for SGT and its linkage with other
continental fragments of the East Gondwana.

bttps:/ [ doi.org/ 10.1016 /. precamres.2022.106582

1.4 Understanding fore-arc processes from
mud volcanoes of the Andaman Islands

A detailed mineralogical, geochemical and St-
Nd-Pb isotopic study of the matrix of the
mud breccia ejected at the mud volcanoes of
the Andaman accretionary prism, located at the
Indian Plate-Burma Plate convergent margin
suggests that the mud volcanoes originate
from the tectonic mélanges located near the
décollement. The mud matrix is made up of
argillaceous material derived from the altered
oceanic crust and terrigenous sediment of the
slab, with the former contributing more than
80%. All data point to a scenario that only a
small fraction of the terrigenous sediment of
the slab gets recycled into the mantle at the
Andaman subduction zone.

https:/ [ doi.org/ 10.1016/j.chemge0.2021.120595

1.5 Weathering and solute transport in small
catchment rivers of southern Western Ghats

Over 600 small rivers originate from the Western
Ghatsand contribute ~18% of thetotaldischarge
from the Indian peninsula. Weathering process
in these river basins produces saprolite and soil
in the subsurface domain of the Critical Zone.
The computed CO, consumption rate (CCR),
for a west flowing river, the Thuthapuzha (1030
km?/ 1821 MCM), and an east flowing river, the
Bhavani (6200 km?®/1615 MCM), reveals that the
former river accounts for a CCR of 2.18 x105
molkm™.y™! and the latter for 1.39 x105 mol.
km™.y~". This study reveals that the interplay
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between the climatic factors and the geologic
factors of the catchments assumes a significant
role in determining the solute transfer and
hydrochemical composition of the rivers.

https:/ [ doi.org/ 10.1007/s12665-021-09862-6

1.6 Moisture recycling and evaporation
yclung P
processes along the Western Ghats

The water isotopic composition (8180 and
82H) of the rains in the humid regions of
the Western Ghats has limited influence from
isotopic elevation (altitude) effect due to low
temperature gradient, high relative humidity, and
moisture feedback processes operating there.
However, a pseudo effect is observed across
the south-western flank of the Ghats due to
moisture supply from reservoirs and lakes. The
contribution of recycled moisture, estimated
using back trajectories, does not exceed 8.5% of
the rainfall over the midland region. Although
the study did not find any signature of recycling
in the highlands, the lc-excess, and the d-excess
of surface waters suggest higher rates of
evaporation from lakes and reservoirs and their
role in generating local rainfall. Statistically
significant amount effects are visible only along
coastal areas having lower precipitation and
higher temperature, which in turn indicate that
precipitation along the Ghats (midland and
highland) is significantly controlled by both the
orographic moisture uplift and locally recycled
moisture.

https:/ | doi.org/ 10.1016/ j.atmosres.2021.105863

1.7 Holocene monsoon and sea-level
variability from coastal lowlands of Kerala

The Holocene sea-level and climate variability
were studied based on geochemical and
palynological proxies supported by 10 AMS
radiocarbon ages on a 32 m long sediment
core (L7) raised from Upper Kuttanad Kole
wetlands (Kuttoor), Kerala, Southwest India.
The study demonstrates high sea-level along
with warm and wet climate due to Indian
summer monsoon (ISM) intensification during
9.69-7.56 ka corroborating with the Holocene
Climate Optimum (HCO). However, a break in
the sediment deposition is observed between
7.56 and 3.51 ka, the reason for which is yet to

be fully understood. During 3.51-2.55 ka, the
gradual weakening of ISM has been invoked
with an intermittent monsoon spell during
3.20-3.40 ka. Presence of coarser clastics, after
2.55 ka, suggests sediment deposition by the
migrating distributary channel of the Pamba-
Manimala rivers. The high sea level during
HCO attests that the core location plausibly
represented the southward extension of the
Vembanad lagoon which transformed into part
of the terrestrial system due to the gradual sea
regression during the mid-late Holocene period
followed by deposition of alluvial sediments
from the hinterland tivers.

https:/ [ doi.org/ 10.1016/j.quaint.2022.03.005

1.8 Wave analysis at Valiathura beach using
coastal video monitoring techniques

NCESS has initiated a pilot project for
continuous coastal monitoring, adopting the
video-based monitoring method in India through
an indigenous Video Beach Monitoring System
(VBMS). The fist VBMS station, was installed
at Valiathura, a typical high energy beach in
SW coast of India. The open-source toolbox
ULISES was found to be suitable for planview
generation. A new modulated transfer function
(MTF) designed through Thomson’s multi
tapered method has been introduced. With this
non-linearities can be reduced to an acceptable
level. The transformed intensity spectra are
showing a reasonably good agreement with the
in-sitn measurements by giving a correlation of
more than 90%, with low RMSD, throughout
the day. Mean bias and RMS error have been
brought to within the permissible limits by
considering long-term variations. Tt is found
that the use of multi-tapered methods in transfer
function estimation can significantly reduce the
noise and local influences in the estimation of
nearshore wave parameters from video images.

https:/ | doi.org/ 10.1016/ j.rsma.2022.102205

1.9 Submarine Groundwater Discharge —
Phase-I

NCESS, in collaboration with nine working
groups, has successfully completed the Phase-I
of the national network program on Submarine
Groundwater Discharge (SGD). Multi-proxy
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methods (thermal imaging, hydraulic head,
spatial, electrical resistivity surveys and temporal
hydrochemical observations) were employed
to identify the potential SGD zones along the
Indian coastline. Along the southwest coast of
India, nine perennial fresh SGD (FSGD) zones
were delineated with a net coastal stretch of
103.22 km. The reverse mechanism of seawater
intrusion zones was found to be concentrated
towards the south in Kanyakumari district and
in some parts of Malappuram and Kozhikode
districts. Using water balance approach the
average flux of groundwater per unit length of
the shoreline was estimated to range from 36
to 1213 m’/y/m, suggesting that an average of
6% of rainfall is lost through the SGD. Studies
on estimation of SGD and solute flux, nutrients
inputs to Indian Ocean through SGD and the
environmental impacts of the SGD will be
carried outin the Phase-II of the SGD program.

https:/ [ doi.org/ 10.1016/}.rsma.2021.10196 3

1.10 Assessment of PM2.5 using satellite
lidar observations

The particulate matter with aerodynamic
diameters less than 2.5 pm (PM2.5) was
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estimated over the Indian sub-continent using
near-surface retrieval of aerosol extinction
coefficient (2007-2021) of Cloud-Aerosol
Lidar with Orthogonal Polarization (CALIOP)
on board Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observation (CALIPSO)
satellite. Climatology of wintertime PM2.5
during the last 15 years shows the highest
concentration over the middle Indo-Gangetic
Plain (IGP) and northwest India with a 3 to
4-fold increase in magnitude compared to the
peninsular India. Surface-level PM2.5 mass
concentration during winter (December to
February) shows statistically significant positive
trends over the Indian subcontinent. It increases
at a rate of ~3% over the IGP and arid regions
of northwest India, and ~4% over peninsular
India during the last fifteen years (2006—-2020).
Inter-annual variability of average near-surface
PM2.5 concentrations over the Indian sub-
continent during the fog occurring season
(December to February) shows a statistically
significant correlation with the post-harvest
agro-residue burning over the western IGP
(Punjab and Haryana) during November.

https:/ [ doi.org/ 10.1016/j.scitoten.2022.155215
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2. Awards, Honours &

Human Resource Development

2.1 Awards

Dr.  Jyotiranjan S.  Ray,
Director, NCESS has been
awarded the ‘Lifetime
Achievement Award -
2022°  instituted by the
Indian Society of Applied
Geochemists  (ISAG) to
honour eminent earth
scientists.

As a part of Nari Gyan Badhe
Vigyan initiative, MoES
celebrated the achievements
of Dr. K. Maya, Scientist
F, Biogeochemistry Group
on 28% March 2022, whose
research interests include

Environmental Geology,
Sedimentology and
Geochemistry.

Dr. S. Kaliraj, Scientist-C,
Crustal Dynamics Group has
been awarded ‘Certificate of
Merit Award - 2021’ by the
Ministry of Earth Sciences,
Govt. of India.

Ms. Harsha  Mahadevan,
has been awarded PhD
degree under the TFaculty
of Science, University
of Kerala for her thesis
“Synthesis, characterization
and application of surface
tuned clays and activated
carbons to control nutrients
in urban drainages: focus
on adsorptive kinetics and
isotherm modelling” on 07"
May 2021. Dr. K. Anoop
Krishnan, Scientist-D,
Biogeochemistry Group was
her supervising guide.
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Shri. M. Ratheesh Kumat,
has been awarded PhD
degree under the Faculty
of Applied Sciences &

Technology, University
of Kerala for his thesis
“Seasonal investigation

and evaluation of water
quality ~ parameters  of
Mangalore coast, Karnataka,
India: Hydrochemical,
marine biological and
microbiological —approach”
on 23* July 2021. Dr. K.
AnoopKrishnan,Scientist-D,
Biogeochemistry Group was
his supervising guide.

Ms. P. Saranya, has been
awarded PhD degree under
the Faculty of Applied
Sciences &  Technology,
University of Kerala for her
thesis “Stable isotope studies
on moisture source variation
and associated water cycle
dynamics in Periyar river
basin, Southern Western
Ghats” on 28" October
2021. Dr. A. Krishnakumar,
Scientist-D, Hydrology
Group was her supervising
guide.

Smt. Parvathy K. Nair,
has been awarded PhD
degree under the Faculty of
Applied Sciences, University
of Kerala for her thesis
“Hydrogeological and
hydrochemical appraisal of
Vembanad wetland system”
on 01* February 2022. Dr. D.
S. Suresh Babu, Scientist-F,
Marine Geoscience Group
was her supervising guide.

el
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Shri. Vipin T. Raj, DST-
INSPIRE Research
Scholar, Hydrology Group
received the “Best Poster
Award” in Earth and
Planetary Sciences section
of 34" Kerala Science
Congress  held  during
10-12 February, 2022 at
Thiruvananthapuram,
Kerala for the poster titled
“Chemical denudation of
mountainous  catchments
in Southern Western
Ghats - a case study using
hydro chemical tools and
modelling”.

Shri. R. K. Sumesh, Project
Scientist B, Atmospheric
Science Group received the
“BestPaper Award”in Earth
and  Planetary  Sciences
section of 34" Kerala
Science  Congress  held
during 10-12 February, 2022
at  Thiruvananthapuram,
Kerala for the paper titled
“Tracing the precipitation
microphysics of mesoscale
weather events over
Kerala”.

2.2 Membership in Committees
outside NCESS

Dr. Jyotiranjan S. Ray

Chairman, Expert Committee on Earth and
Atmospheric Sciences, Science and Engineering
Research Board, Govt. of India.

Member, Research Advisory Committee, Birbal
Sahni Institute of Palaeosciences, Lucknow.

Member, Board of Studies, Faculty of Earth
Sciences, Cotton University, Guwahati.
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Dr. V. Nandakumar

Member, Scientific  Advisory Committee,
Geochronology  Facility,  Inter-University
Accelerator Centre (IUAC), New Delhi.

Member, Editorial Board, Energy Geoscience
Journal.

Drt. D. Padmalal

Member, Dam Safety Authority, Govt. of
Kerala.

Member, Editorial Board, Journal of Coastal
Sciences.

Member, Board of Studies in Earth Sciences,
KUFOS.

Member, Expert Committee on Teachers
Associateship for Research Excellence (TARE),
SERB, DST.

Member, Expert Committee constituted for
evaluating DPR for river rejuvenation of 5
Kerala Rivers, IRDB, Govt. of Kerala.

Member, Advisory Committee of the project
‘Facilitating Multilevel Climate Governance in
Kerala’, World Institute of Sustainable Energy,
Pune.

Dr. L. Sheela Nair

Member, Board of in Physical Oceanography,
Cochin University of Science and Technology.

Member, Shoreline Monitoring Committee
for the VISL Project - constituted as per the
direction of NGT to study the impact due to
the International Sea Port Construction at
Vizhinjam, Thiruvananthapuram.

Nominated Member, Coastal Protection and
Development Advisory Committee (CPDAC),
Central Water Commission, Dept. of Water
Resources, Ministry of Jal Shakti.

Member, Alappad Beach Wash Mining
Environment Damage Assessment Committee
- constituted by Govt. of Kerala to reassess the
damage caused by M/s Kerala Minerals and
Metals Limited (KMML) and M/s Indian Rare
Earths Limited (IREL) as per the directions
given by NGT.

Member, Technical Advisory Committee
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appointed by Govt. of Kerala for overseeing all
the coastal protection works in the State.

Dr. Tomson J. Kallukalam

Member, Board of Studies of Geology, Farook
College (Autonomous), Kozhikode, Kerala.

Dr. A. Krishnakumar

Member, Doctoral Committee of
Environmental Sciences, Faculty of Applied
Sciences, University of Kerala.

Member, Academic Committee, Sree Narayana
Guru Open University, Kerala.

Member, Editorial Board, Journal of Geoscience
Research, Gondwana Geological Society.

Member, Academic and Research Team, River
Centre Project for guidance, participation
and financial support to Swadeshi Science
Movement (SSMK), the Kerala Chapter of
Vinjanabharati for implementing Nila Project
as part of empowering the society to progress
towards the Sustainable Development Goals
(SDG).

Dr. E. A. Resmi

Member, Board of Studies, Department of
Atmospheric Sciences, Cochin University of
Science and Technology.

Dr. B. Padma Rao

Co-Scientist, Working Group on applications
based on AI/ML/DL tools, constituted by
MOoES, Govt. of India.

Member, Technical committee for wvalidation
of the security schemes at Sree Padmanabha
Swamy Temple, Kerala.

Dr. Chandra Prakash Dubey

Chair, Society of Exploration Geophysicists
(SEG) - Student Leadership Symposium (SLS) /
Student Education Program (SEP) Travel Grant
Review Committee, USA

Chair, Society of Exploration Geophysicists
(SEG) - Near Surface Research Grant Review
Committee, USA

Chair, Society of Exploration Geophysicists
(SEG) - Field Camp Grant Review Committee,
USA.
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Dr. S. Kaliraj

Life Member, Indian Society of Remote Sensing
(ISRS).

Member, International Society for
Photogrammetry and Remote Sensing (ISPRS).

Dr. C.K. Unnikrishnan

Member, Scientific Instrumentation Technical
Committee, National Atmospheric Research
Laboratory, ISRO.

2.3 Invited Lectures / Chairing of
Technical Sessions

Dr. Jyotiranjan S. Ray

Delivered a talk on “Quaternary Volcanism
in India” organized by Wadia Institute of
Himalayan Geology, Dehradun on 18™ June
2021.

Delivered a talk on “Outstanding Research
Questions in Indian Ocean Tectonics” in the
Ocean Society of India Conference held on 18"
August 2021.

Delivered a talk on “Some Interesting Research
Questions in Indian Geology” organized by
Physical Research Laboratory, Ahmedabad on
27" September 2021.

Delivered the keynote address on “Retracing
Sarasvati: the lost river of the Harappan
Civilization” in the webinar conducted as part
of Azadi ka Amrit Mahotsav celebrations
jointly organized by Vikram Sarabhai Space
Centre (VSSC) - Liquid Propulsion Systems
Centre (LPSC) - ISRO Inertial Systems Unit
(IISU) - Indian Institute of Space Science and
Technology (IIST), Thiruvananthapuram on
07" November 2021.

Delivered a talk on “Retracing Sarasvati: the lost
river of the Harappan Civilization” organized
by Institute of Geoscientists of Odisha on 13™
February 2022.

Delivered a talk on “Origin of Andaman Mud
Volcanoes: A geochemical perspective” in the
Annual General Body Meeting of the Indian
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Society of Applied Geochemists ISAG) on 17"
March 2022.

Dr. L. Sheela Nair

Delivered a talk on “Coastal monitoring - data
requirement, availability & gaps for coastal
design with reference to Kerala coast” at the
Virtual International Workshop on Coastal
Information System - Management and
Engineering organized by the Dept. of Ocean
Engineering, II'T Madras on 06™ May 2021.

Delivered a talk on “Coastal erosion and
protective measures” as part of the online
training program conducted by the Irrigation
Department of Kerala for the engineers held
on 25" June 2021.

Delivered a talk on “Coastal Structures” as guest
speaker in the 5-day online Short-Term Training
Programme (STTP) on ‘Recent advances in
marine vehicles and structures (RAMVS),
organized by Department of Civil Engineering,
National Institute of Technology, Calicut during
04-08 October 2021.

Dr. K. Anoop Krishnan

Delivered a talk on “Applications of CHNS
Analyzer in assessing the hydro-geochemical
candidature of River Basins” in the ‘National
Workshop on NMR Spectroscopy, BET
Surface Area Analyser, X-Ray Photoelectron
Spectroscopy and CHNS /O Analyser organized’
by CLIFE, University of Kerala, Trivandrum on
17" March 2022.

Delivered a talk on “Methods of sampling
and test (physical and chemical) for water and
wastewater” in the VIT Quality Week 2022
lecture program organized by Vellore Institute
of Technology, Tamil Nadu on 23" February
2022.

Delivered a talk in the ‘National Webinar on
Research Opportunities in India and Abroad
for Young Research Aspirants’ organized by
Nesamony Memorial Christian College, Tamil
Nadu on 08" July 2021.

Delivered a talk on “Integrated monitoring
and mitigation approaches in containing water
pollution: An overview” in the ‘Webinar on
Advances in Civil Engineering’ organised as

part of the Faculty Development Programme
by Department of Civil Engineering, Atria
Institute of Technology, Bengaluru on 01* July
2021.

Delivered a talk on “Restoration Ecology and
Chemistry” on the occasion of the ‘World
Earth Day-2021 Celebrations’ organized by the
Kerala State Biodiversity Board, Trivandrum on
22 April 2021.

Dr. A. Krishnakumar

Delivered a talk on “Climate change and its
consequences: Increasing concerns” aired by
All India Radio, Thiruvananthapuram on 20
June 2021. The programme was organized by
Department of Soil Survey & Soil Conservation,
Govt. of Kerala.

Dr. E. A. Resmi

Delivered a talk on “Monsoon variability and
rainfall pattern over the Western Ghats” in
the training program on ‘Rainfall and weather
parameter analysis using geospatial technologies’
organized by KSCSTE-CWRDM, as part of
Water Resources Training Project at Kottayam
on 26™ October 2021.

Dr. Nilanjana Sorcar

Delivered a lecture on “Characterization of
partial melting in the continental crust: An
example from Kerala Khondalite Belt, India”
in the two-day Symposium on ‘Processes in the
continental crust’ organized by the Department
of Earth Sciences, IISER Kolkata during 23-24
October 2021.

Dr. B. Padma Rao

Delivered an invited talk on “Seismological
observatory at Bharati station” in the Decade
of Bharati Station (2012-2022) programme
organized by NCPOR as part of Indian
Antarctica Programme on 07" February 2022.

Dr. Chandra Prakash Dubey

Delivered an invited lecture on “Forward
modeling of gravity and magnetic data” as
part of the training program for early career
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researchers entitled ‘Inversion and Machine
Learning applications for geoscience data
analysis” organized by CSIR-NGRI, Hyderabad
sponsored by the Ministry of Earth Sciences,
Govt. of India on 14™ June 2021.

Delivered an invited lecture on “Subsurface
structural settings and density variations:
Insights from gravity data” as part of weekly
seminar of Earth and Climate Science, IISER,
Pune on 16™ November 2021.

Dr. K. Sreelash

Delivered an invited lecture on “Surface Water
and Groundwater Interactions” as part of
2-day online workshop on ‘Sustainable Water
Resources Management’ conducted by Dept. of
Civil Engineering, Mepco Schlenk Engineering
College, Sivakasi, Tamil Nadu on 16" November
2021.

Delivered seven lectures as a part of the 2-day
course on ‘Applications of Remote Sensing in
Critical Zone Studies’ conducted by Dept. of
Civil Engineering, Mepco Schlenk Engineering
College, Sivakasi, Tamil Nadu during 21-28
August 2021.

Dr. S. Kaliraj

Delivered an invited lecture on “Identification
of groundwater recharge potential zone and
site-specific groundwater recharge structure” as
part of the international training programme on
‘Practical application of GIS tools in planning
groundwater recharge activities’ for the staffs
of Uganda and Tanzania Water Resource
Department, organized by Centre for Science
and Environment (CSE), New Delhi on 11%
March 2022.

Delivered an invited lecture on “Disaster risk
with specific reference to coastal erosion” as
part of the ‘Spatial Information Technology
in Understanding Disaster Risk’ programme
organized by Kerala State Disaster Management
Authority (KSDMA) on 22 March 2022.
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2.4 Human Resource Development

NCESS has strong Human Resource
Development scheme. The programs under
this scheme are PhD program, Research
Associateship,  Visiting  Scientist program,
Visiting  Student program and  Student
Internship. Currently 41 junior and senior
research fellows are working for their PhD.

These fellows are registered in Cochin University
of Science and Technology (CUSAT) / Kerala
University through MoUs with NCESS. Six
Research Associates are carrying out their
postdoctoral research in NCESS at this time.
NCESS trains about 50 M.Sc. / B.Sc. students
each year as part of the internship program.
Besides, many scientists of NCESS co-supervise
Ph.D. / M.Sc. / M.Tech. students of other
organizations / universities for their project /
thesis works.

B Research Associate

B Research Scholar

m Visiting Student Visiting Scientist

® Student Intern
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3. Research Activities

3.1 Solid Earth Research Group

3.1.1 Broadband Seismological Observatory
at Larsemann Hills, Antarctica

The Antarctic continent and surrounding
oceans are key parts of the Earth’s System
and can provide vital information on the
crustal evolutionary processes operating on the
Earth’s surface. The basement of Antarctica
comprises a suite of crustal blocks that were
part of various supercontinents (e.g., Rodinia,
Gondwana) and preserves distinct high-grade
assemblages. Previous studies suggest that parts
of eastern Antarctica and Eastern Ghats Belt
(EGB), India were once adjacent to each other
in pre-Permian continental reconstructions.
Therefore, the terranes of East Antarctica and
EGB play a very crucial role in the Rodinia /
East Gondwana correlation. An interdisciplinary
approach utilising geophysical investigations
with igneous/metamorphic petrological studies
can provide a window into the geodynamic
evolution of the region in particular and of the
Earth in general.

The crust and mid-to-upper mantle are
characterized by discontinuitiesand strong special
variations of their structure. The continental
crust is extremely diversified as it indicates an
assemblage of different terrains having the
signatures of different tectonic episodes (e.g:,
Christensen and Mooney, 1995). Several studies
have been carried out to understand the crustal
and mid-to-upper structure of West Antarctica,
however, the knowledge on the crustal and mid-
to-upper mantle structure and deformation in
the region of East Antarctica is limited due to
the paucity of geophysical data sets. Thus, it is
essential to understand the detailed crustal and
mid-to-upper mantle structure and deformation
along with the geological analysis to decipher
the correlation between east Antarctica and
EGB, India.

A detailed reconnaissance survey has been
conducted (first phase of fieldwork) near
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the Bharati research station and finalized the
location for the establishment of a seismological
observatory (Fig, 3.1.1.1). Further, successfully
established the Broadband Seismological
Observatory near the Bharati station, East
Antarctica. The broadband seismometer has
been installed on the seismic pier within the
Igloo, which was constructed from the bedrock.
The instrument has covered with three layers
of the insulated box and mounted the heat
tracing cable on the walls of the insulated box
to maintain the temperature (Fig. 3.1.1.2). Later,
continuous time series data has been collected
from the instrument and analyzed to check the
quality of the data. An example of data recorded
at our newly established observatory is shown
in Fig. 3.1.1.3.

Generated data set along with the available BBS
datawill be utilized for the detailed understanding
of crustal and mid-to-upper mantle structure
(high-resolution structure) beneath the Prydz
Bay region of PEL, east Antarctica and EGB
of India ie., to decipher the (i) crustal and
mid-to-upper mantle structure; (ii) patterns of
crustal and mantle deformation by utilizing the
global and generated seismological data. These
results will be integrated with the geological
data sets, which will provide significant inputs
in continental correlation and reconstruction
in an integrative international approach.
Therefore, the outcomes from this project will
make a significant and novel contribution to
our knowledge of the geodynamic evolution of
East Antarctica and India.

Fig. 3.1.1.1: (a) Inverted triangle indicates the location of
broadband seismological observatory. (b) Indicates the
location of the observatory (red inverted triangle) and
Bharati research station (red open circle).
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Fig. 3.1.1.2: Setup of the seismological observatory at
Larsemann Hills, Antarctica and its inauguration.

Fig. 3.1.1.3: Location of the earthquake (Mw0.4), recorded
at our observatory (blue inverted triangle) (top panel) on
04-02-2022 and the corresponding three-component
seismograms (bottom panel).

Padma Rao B., Krishna [ha

3.1.2 Chemical dating of monazite: Testing
of analytical protocol for U-Th—-total Pb
using CAMECA SXFive Tactis EPMA at the
National Centre for Earth Science Studies,
Thiruvananthapuram, India

The calibration and quantification set-up
conditions of monazite chronology (analytical
protocol for U-Th-total Pb) using SXFive
Tactis EPMA, at the National Centre for Earth
Science Studies, Thiruvananthapuram, India
has been successfully established. Consistency
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in the chemical-chronological data of the
monazites starting from the Moacyr monazite
(chronologically well-constrained) data followed
by the analysis of monazite from the garnet-
cordierite gneiss of the Kerala Khondalite
Belt confirms the reliability of the NCESS-
EPMA facility for the U-Th—total Pb chemical
age dating of monazite. By applying the
same analytical setup of chemical dating, the
monazites from metapelites of Madurai Block
of Southern Granulite Terrain, India yield two
peak ages in probability density diagram of
ca. 505 Ma and ca. 590 Ma (23 spots) which is
similar to the 206Pb/238U age (ca. 506 Ma and
ca. 585 Ma; 34 spots) obtained by LA-ICPMS
(Fig. 3.1.2.1).

Fig. 3.1.2.1: Calculated ages of monazite grains from
Madurai Block (a) Probability density plot shows a
dominant peak at ca. 505 Ma and ca. 590 Ma, (b)
represents the probability density plot of acquired data
from LA-ICPMS showing a dominant peak at ca. 506 Ma
and ca. 585 Ma and (c) represents the Terra-Wasserburg
diagram, showing five major concordia age groups with

two prominent populations at ca. 585 Ma and ca. 507 Ma.

https:/ [ doi.org/ 10.1007/ s12040-021-01738-4

Nilanjana Sorcar, Sneha Mukherjee, Amal Dev |.,
Nishanth N.
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3.1.3 Timing of metamorphism and cooling
in south Indian granulites: New results
from EPMA and LA-ICPMS/MC-ICPMS
studies of HT-UHT rocks

The Precambrian granulite terrane of south
India is known for the preservation of regional-
scale high to ultrahigh-temperature (HT-UHT)
metamorphic rocks. In the Madurai block, the
largest crustal block in the terrane, a significant
proportion of these HT-UHT rocks occur along a
narrow belt referred to as the Kambam ultrahigh-
temperature belt (KUB). Understanding the P-T-t
evolution of these HT-UHT granulites is vital in
decoding the spatial and temporal evolution of
the Madurai block in relation to other crustal
blocks. Detailed petrology, mineral chemistry,
phase equilibrium modelling, and accessory
mineral (zircon, monazite, rutile and apatite)
geochronological and geochemical data of HT-
UHT granulites from the Kambam ultrahigh-
temperature belt were carried out. Combined
mineral reaction and phase equilibrium
modelling indicate extreme P-T conditions up
to 1130 °C at 11 kbar. The geometry of the
P-T path is clockwise with initial isothermal
decompression followed by near isobaric cooling
(Fig. 3.1.3.1.2). LA-ICPMS U-Pb dating of
zircon, monazite and rutile phases within these
samples constrain the timing of metamorphism
as well as cooling. U-Pb zircon ages of ~2500 Ma
from the granulites points to new evidences for
Paleoproterozoic high-grade metamorphism in
the area where monazite U-Pb ages at ~593 and
~557 Ma throw light into the imprints on ~36
Ma prolonged Neoproterozoic thermal event
attributed to Pan African collisional orogeny.
LA-MC-ICPMS Hf isotopic record from zircon
cores point to the role of significant juvenile
crustal melting/anatexis during Paleoproterozoic.
In addition, several cryptic metamorphic pulses
are also identified evincing the polydeformed
evolutionary history of these rocks. The ca. ~432
Ma cooling age record from rutile estimates an
average cooling rate of ~3.0 °C/Ma over a time
period of ~125 Ma. Additional metamorphic
pulses are also identified, demonstrating the
polydeformed crustal evolution history of the
terrane. This suggests a complex history of
slow cooling followed by ultraslow cooling (Fig.
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3.1.3.1.b) The results bring forth the significance
of the Kambam ultrahigh-temperature belt in
understanding the tectonothermal evolution of
Madurai block and provide additional evidence
for long-lived Neoproterozoic UHT orogenesis
in south India. The results also bring to the
fore the importance of Kambam ultrahigh-
temperature belt and Suruli shear zone which can
be projected as a major terrane boundary within
the Southern Granulite Terrane.

Fig. 3.1.3.1: (a) The Neoproterozoic clockwise P-T
loop of UHT granulite with different stages of textural
evolution. (b) Time vs. temperature (T-t) diagram
illustrating the differential heating and cooling pattern for
UHT granulites from KUB.

bitps:/ | doi.org) 10.1016/jdithos.2021.106531
https:/ [ doi.org/ 10.1016/j.precamres.2022.106582

Tomson |. K., Nilanjana Sorcar, Amal Dev ].

3.1.4 Pulsed tectonic evolution in long-
lived orogenic belts: An example from the
Eastern Ghats Belt, India

This study characterizes two metamorphic cycles
an aluminous granulite of the Eastern Ghats Belt
(EGB), India using petrological, phase equilibria,
geospeedometric, and, petrochronological data.
The first metamorphic cycle ensued through
dehydration melting of F-biotite along a
shallow dP/dT prograde path reaching ultrahigh
temperature (>950 oC) at 7—8 kbar pressure. The
peak metamorphic assemblage is represented
by sapphirine + spinel + Al-orthopyroxene +
cordierite + ilmenite + plagioclase + quartz which
constitute the coarse granoblastic assemblage.
Reaction corona comprising orthopyroxene +
sillimanite + garnet £ F-biotite over the peak
phases imply near-isobaric cooling from the peak
with the termination of the first cycle. The melt
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produced during the prograde stage has been lost
to a large extent to stabilize the peak assemblage.
The second metamorphic cycle ensued with
the decomposition of cordierite by a skeletal
intergrowth of orthopyroxene + sillimanite +
quartz and a symplectic intergrowth of garnet
+ quartz between orthopyroxene and cordierite.
A delicate symplectite comprising cordierite +
quartz + K-feldspar  plagioclase also formed
at this stage within the leucocratic layers. These
intergrowth textures resulted from reworking
of the cooled granulite (increasing P-T) through
incipient melting of F-biotite subsequent
decompression, and melt-solid interaction during
the terminal stage of the second metamorphic
cycle. Contrary to the very slow post-peak cooling
history proposed eatlier Geospeedometric data
involving garnet and biotite suggest the nonlinear
nature of cooling with an initial fast cooling from
the peak condition of the first metamorphic
cycle. Monazite petrochronological data yield

Fig. 3.1.4.1: Cartoon diagram illustrating the tectonic
scenario involving the Indian and East Antarctic
cratons during ca. 1030-900 Ma. (a) The M, cycle of
metamorphism was initiated with the development of
subduction-accretion system between the Indian and
East Antarctic cratons at ca. 1030-970 Ma. Development
of the back arc setting near the Indian side and high
heat flow beneath the back arc basin resulted in UHT
metamorphism. The process of subduction roll back
was operative resulting in a counter-clockwise P-T path.
(b) The M, metamorphic cycle started during ca. 950—
900 Ma when slab detachment was complete below the
composite Rayner-Eastern Ghats (R-EG) orogenic belt.
The tectonic phase produced dominantly compressional
structure leading to a possible clockwise P-T path. This
tectonic mode switch could have given rise to several
“pull-push” cycles.
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1002 £ 3 Ma and 944 + 6 Ma ages that belong
to the peaks of first (ca. 1030-990 Ma) and the
second (ca. 950-900 Ma) metamorphic cycles
respectively of the central crustal province of the
belt. This two-cycle evolution is related to several
alternate extension (pull) and compression
(push) cycles in an accretionary tectonic setting
during ca. 1030-900 Ma. Identification of these
two separate pulses of metamorphism within the
petiod between ca. 1030 Ma and 900 Ma argues
against the model of a single-cycle long-lived
evolution of the EGP. Further, metamorphic
pulses of the EGP can be correlated with the
accretionary tectonics involving EGP and the
Rayner Province (R-EG). The two cycles may be
linked to several pull-push cycles (Fig. 3.1.4.1).

This work was done in collaboration with Prof. Sankar
Bose of Department of Geology, Presidency University,
Kolkata; Prof. Kaushik Das of Hiroshima Institute of
Plate Convergence Regions Research, Japan, and Proloy
Ganguly of Durgapur Government College, India.

https:/ | doi.org/ 10.1016/ j. precamres.2021.106522
Nilanjana Sorcar, Sneha Mukberjee

3.1.5 Structural variability and magnetization
contrasts beneath SGT

The southern granulite terrain (SGT) is a
large tract of exposed Archean continental
crust, divided into the Madurai block (MB),
Trivandrum block (ITB) and Nagercoil block
(NB). These crustal domains are linked with
the NW-SE trending Achankovil Shear Zone
(AKSZ). The gravity and magnetic data,
along with previously published geological
information were combined to re-evaluate the
crustal architecture, evolution and possible
extension of AKSZ into Madagascar (Fig.
3.1.5.1). Modeling analyses indicate that the long
wavelengths trends of the magnetic anomalies
originate at ~ 20 km depth of different SGT
blocks (TB and MB). Whereas, the magnetic
basement mapping shows that the prominent
shallow magnetic features and furthermore
associated with the newly identified faults at
shallow depths that are corroborated with the
gravity anomalies. The presence of Khondalites
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outcrops in Trivandrum block implies that
high magnetization crust is the main source
of positive magnetic anomalies. Furthermore,
magnetic anomalies unveil, however, SGT that
preserve the remanent of different block of
crust in southern SGT. The NW-SE trending
of AKSZ separating the two major lithological
blocks (MB and TB) unveil different magnetic
crust individually.

Fig. 3.1.5.1: (a) Geology map of Madagascar representing
different shear zones. Available velocity model along
profile AA’ that crosses main shear zone of RSZ and ASZ
(Profile AA’ shown in blue colour). RSZ: Ranotsara Shear
Zone, ASZ: Avango Shear Zone, ISZ: Ifanadiana Shear
Zone, ZSZ: Zazafotsy Shear Zone, ESZ: Ejeda Shear
Zone, BSZ: Beraketa Shear Zone, AMSZ: Ampanihy
Shear Zone. (b) 2D Density model constrained with
velocity model (background colour) along profile AA’. D:
Density, Vs: Shear Velocity, RSZ: Ranotsara Shear Zone,

ASZ: Avango Shear Zone. (c) The zircon age data.

This work was done in collaboration with Dr. 7. M.
Tiwari of CSIR-NGRI, Hyderabad

https:/ [ doi.org/ 10.2113/2021/ 6017801

Chandra Prakash Dubey, Kumar Batuk Joshz, Prasad M.
3.1.6 Sub-crustal mantle lithospheric
modification beneath the thick sedimentary

fan of Bay of Bengal

A comprehensive architecture of the BoB
lithosphere is presented using a 3D density
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model constrained by gravity data and other
relevant prior information. The newly derived
three-dimensional density modeling of the Bay
of Bengal improves the understanding of the
geological structures and their tectonic process
of lithospheric nature. The results of 3D density
modeling show that the same density of the
upper mantle cannot explain measured gravity
over the northern part of the Bay of Bengal
basin. In contrast, a model that incorporates
modifications in upper mantle density
variation laterally with a high density below
the sedimentary load can explain the gravity
anomalies associated with Moho deepening
and thick lithosphere. Lithosphere thickness
in the region of BoB varies 180 km to 72 km
from north to south direction respectively (Fig.
3.1.6.1.c). Moreover, it appears from the mantle
density interfaces that density anomalies in the
mantle act as a stress concentrator under the
prevailing tectonic and lithological loads (Fig.
3.1.6.1.b). A conceptual model is proposed to
explain the lateral density changes in the sub-
crustal where thickening of the lithosphere in
north Bay of Bengal under the thick sedimentary
fan leads mantle to flow.

Fig. 3.1.6.1: (a) Estimated lithospheric elastic thickness
(Te) for two different blocks from south and north region
of the Bay of Bengal, and (b)Vertical section of S-wave
tomography model along the 88 degrees of longitude
(http://ciei.colorado.edu/~nshapiro/MODEL/).
Global effective elastic thickness (Te) is plotted in red-
dashed line along with predicted lithosphere thickness
and the black dotted line is Lithosphere-Asthenosphere
Boundary (LAB).
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The long-term and complex geodynamic
processes of the oceanic lithosphere of BoB
could only be fully understood if model
predictions are consistent with other results,
and if demonstrated through plotting regional
seismic tomographic and derived elastic
lithosphere thickness. Gravity modeling suggests
that the lateral changes in sub-crustal density such
that the mantle underlying the thick sediment
is denser than it is beneath the thin sediment
region of the south. So interpreted these changes
cither due to change in the rifting style shearing
or stretched or density has been changing as
load increases to host the sedimentary load (Fig.
3.1.6.2). Sediment is being loaded on a relatively
strong, dense, and, hence, cold lithosphere.
Therefore, it is more likely that principal stress
orientations would be in the direction of plate
motion, which is consistent with fault plane
solutions of earthquakes in the region. The focal
mechanisms analysis of intraplate earthquakes
in the oceanic lithosphere of Bay of Bengal
region shows mainly normal faults with strike-
slip motion reflecting compression stress in
the interior of the plate. The above-mentioned
observations also indicate that the upper mantle
of the Bay of Bengal is rigid and contributes to
the strength of the lithosphere.

Fig. 3.1.6.2: The Proposed conceptual model for mass
distribution in the upper mantle due to heavy load.

This work was done in collaboration with Dr. 1. M.
Tiwari of CSIR-NGRI, Hyderabad.

https:/ [ doi.org/ 10.1016/j.tecto.2022.229253
Chandra Prakash Dubey
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3.1.7 Geochemistry of meta-sediments from
Neoproterozoic Shimla and Chail Groups
of Outer Lesser Himalaya: Implications
for provenance, tectonic setting, and paleo-
weathering conditions

The depositional history of the Himalayas has
been overprinted by the tectonic activities during
the Himalayan Orogeny. A detailed investigation
of the sedimentary units can provide crucial
information regarding their depositional history
and provenance. This study aims at constraining
the weathering history, tectonic setting, and
provenance of meta-sediments from the Shimla
and Chail Groups of Outer Lesser Himalaya.
With similar major element chemistry, these
meta-sediments comprise a low-silica group
(avg. SiO,/ALO, <3.29). Weathering intensity
parameters chemical index of alteration (CIA),
plagioclase index of alteration (PIA) and index
of chemical variability (ICV) range from 62 to
78 (avg. = 69.41), 70 to 96 (avg. = 85.34), and
0.45 to 1.45 (avg, = 1.01), respectively indicating
moderate to severe degrees of weathering
Transition element ratios [Cr/V (1.68-5.18),
Ni/Co (1.47-30.99), and V/Ni (0.87-4.61)],
and trace element bivariate plots suggest a
recycled, felsic to intermediate provenance that
has primarily been derived from Post-Archean
sources with minor inputs from Archean
units. A passive margin depositional setting

Fig. 3.1.7.1: Trace element discriminant plots of (a) and
(b) Th/Cr versus La/Cr and Th/Sc versus La/Sc (after
Bhatia & Crook, 1986); (c) L.a/Th versus Hf (after
Floyd & Leveridge, 1987), and (d) Ct/V versus Y/Ni
(after Ghosh, Jalal, & Islam, 2016) for the studied meta-
sediments. Potential sources are plotted for comparison
(Condie, 1993).
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with arc derived sources is suggested for the
Chail and Shimla meta-sediments. Rare-earth
element patterns reveal similarities between the
studied metasediments with TTG gneisses and
sanukitoids from the Aravalli and Bundelkhand
Cratons, as well as Chaur and Jutogh granitoids.
Therefore, Neoproterozoic Himalayan
granitoids and Archean Aravalli-Bundelkhand
granitoids (TTGs and high-K granitoids) could
be potential sources of these meta-sediments,
as also suggested by the detrital zircon age
distribution from the Beas-Satluj-Pabbar valleys
and Shimla Group.

Fig. 3.1.7.2: (a) Eu/Eu* versus Th/Sc plot for Shimla
and Chail meta-sediments and (b) Th/Sc versus Sc
plot denoting probable source of Shimla and Chail
metasediments.

Fig. 3.1.7.3: (a) to (d) Average Chondrite-normalized REE
patterns for Shimla and Chail meta-sediments.
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This work was done in collaboration with Soumya Ray
of Department of Geology, University of Delbz; Prof.
Talat Abmad, University of Kashmir, Srinagar and
Dr. Keshav Krishna Aradhi of National Geophysical
Research Institute, Hyderabad.

https:/ [ doi.org/ 10.1002/ g.4183
Kumar Batuk Joshi

3.1.8 C-Sr isotope stratigraphy of carbonate
formations of the Late Neoproterozoic -
Cambrian Marwar Supergroup, western India

The late Neoproterozoic — eatly Cambrian
interval saw significant perturbations in the
global carbon cycle, climate and weathering, and
ocean chemistry. Simultaneously, this transition
interval also witnessed the remarkable rise of
complex multicellular life. The deposition of the
Marwar Supergroup of western India took place
during this time period. Sedimentation in the
basin began in the late Neoproterozoic, following
the ~750 Ma Malani volcanism, and continued at
least until the early Cambrian, albeit intermittent
breaks. Paleomagnetic data suggest an equatorial
paleogeographic position for the Marwar Basin
and position it adjacent to other Neoproterozoic
— Cambrtian ocean basins of Oman, south China
and Australia; wherein copious evidence for
the Neoproterozoic biogeochemical transitions
have been found. The spatial and temporal
dispositions of the Marwar Basin make it a
strong candidate for preservation of signatures
of the Neoproterozoic global events. Moreover,
considering that all other Proterozoic Basins
of India are either older or contain ambiguous
evidence of these global events, the fluvio-
marine sedimentary deposits of the Marwar
Basin offer the best late Neoproterozoic —
Cambrian rock record in the subcontinent
for such an investigation. In this study, high
resolution C-O-Sr isotope and trace element
data for the carbonate formations of the Marwar
Supergroup are presented to evaluate the primary
nature of the geochemical signals, provide age
constraints using C-Sr isotope stratigraphy and
correlate the isotopic signals with the global
Ediacaran - Cambrian record. The results show
that the C and Sr isotopic compositions of the
carbonate formations in the Bilara Group are
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similar to those observed in the late Ediacaran
- early Cambrian successions elsewhere. This
indicates that the Marwar Basin was connected
to the global oceans during this time period.
The wvariation observed in the ¥Str/%Sr of the
Gotan Formation suggests an early Cambrian
depositional age for the Bilara Group. Based on
carbon isotope stratigraphy, two basin-wide §"°C
negative excursions of magnitudes ~6%o and
~7%o, respectively, in the Gotan and the Dhanapa
formations are identified. Results of the C and
St isotope stratigraphy place the Ediacaran -
Cambrian boundary in the Marwar Supergroup at
the basal part of the Dhanapa Formation. These
results also suggest that there was no major break
between the sedimentation of the carbonates of
Bilara Group and the overlying sandstones of the
Nagaur Group.

Fig. 3.1.8.1: Generalised geological map of Marwar basin
with study locations.

This work was done in collaboration with Dr. Bivin Geo
George and Dr. Sanjeev Kumar of PRL, Abmedabad.

https:/ [ doi.org/ 10.1016/j.precamres.2021.106378
[yotiranjan S. Ray

3.1.9 Origin of breccia in mud volcanoes
of the Andaman accretionary prism:
Implications for forearc processes

Mud volcanoes (MVs) are sedimentary structures
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whose surface morphology vaguely resembles
that of a real volcano on a much smaller scale.
They form as a result of the emission of
depressurized multiphase fluid and argillaceous
material from deep-seated sources. MVs either
occur on top of surface-piercing shale diapirs
or faults/fractures. The latter is more common
in convergent margins, where lateral tectonic
compression leads to the rise of fluidized
mud, derived from subducting sediment and
altered mafic/ultramafic rocks, along the slab-
mantle wedge interface or décollement. Study
of expelled fluids and mud breccia in MVs on
accretionary wedges can provide much needed
insightinto the chemical transformation of slabs
within forearcs. It would also be the first step
towards a comprehensive understanding of the
contributions of slabs to the chemical evolution
of the Earth’s mantle. In such an effort, the
mineralogical, elemental and St-Nd-Pb isotopic
compositions of mud breccia ejected at MVs of
the Andaman accretionary prism, located at the
India-Eurasia convergent plate boundary were
carried out. Samples of mud breccia, essentially
the clayey matrix component, were collected
from two major mud volcano fields (MV-1
and MV-2) of the Andaman Islands. The main
objectives were to understand the processes
responsible for the origin and evolution of
mud breccia, and to evaluate its potential as a
proxy for crustal component getting recycled/
incorporated into the Andaman mantle wedge.
In addition, with the help of radiocarbon dating
of the mud matrix and characterization of rock
clasts, determining the interaction of the mud
breccia with the shallow subsurface environment
before being ejected onto the surface was
attempted. XRD, XRE, ICP-MS and TIMS
analyses were carried out to identify the minerals
present in these samples, and to determine
major and trace element concentrations and Pb-
isotopic composition respectively. Based on this
mineralogical, geochemical and isotopic study
and the earlier work on the mud breccia and
fluids, including gases, discharged at the MVs of
the Andaman Islands the following inferences
were made about the origin of the breccia
and its implication for the forearc processes,
particularly in the Andaman subduction zone.
The MVs of the Andaman Islands originate
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from a tectonic mélange, hosted by under-
plated sediment in the décollement zone,
located at depths exceeding 6 km. These MVs
eject argillaceous sediment (quartz+clays) and
fluids (water+methane) derived from the altered
oceanic crust and highly pressurized sediment
of the subducting slab. The study reveals that
much of the terrigenous sediment of the slab
gets accreted onto the prism through under-
plating and that only a small fraction of it gets
recycled into the mantle (Fig. 3.1.9.1). The
primitive chemistry of arc lavas erupted at
the currently active Barren Island volcano is a
testimony of this process.

Fig. 3.1.9.1: A conceptualised cross section of the
Andaman Subduction Zone, across the Middle Andaman
Island, showing various lithological and structural

architecture and inferred fluid and mud flow pathways.

This work was done in collaboration with Dr. Alok
Kumar, Dr. N. Awasthi, Dr. M.G. Yadava and
Dr. Bivin Geo George of PRL, Abmedabad; Dr. P
E Binusarama of 1V'BSP University, Jaunpur; Prof.
R. Bhutani and Prof. S. Balakrishnan of Pondicherry
University; Prof. Kanchan Pande of II'T" Munibai.

https:/ [ doi.org/ 10.1016/j.chemgeo.2021.120595
[yotiranjan S. Ray

3.1.10 Evaluating the connectivity of the
Yamuna and the Sarasvati during the
Holocene: Evidence from geochemical
provenance of sediment in the Markanda
River valley, India

The catchment of the Markanda River, the
modern equivalent of a palacochannel of
Yamuna (Y1), is currently separated from that
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of the Yamuna River by a narrow drainage
divide between the westward-flowing Markanda
and the eastward-flowing Bata River, a tributary
of the Yamuna. Interestingly, the Markanda
catchment has several levels of fluvial terraces
occupying a large valley with a misfit modern
channel. The timing of formation of these
terraces, during the Late Middle Pleistocene to
the Holocene, led some workers to hypothesize
that a large Himalayan sourced river was flowing
in the WNW direction in the Markanda Valley
and that the presence of clasts having sources
in the Himalayan hinterland in this valley is a
testimony of such a scenario. Alternatively,
these clasts (high-grade metamorphic rocks
and quartzite) could have been sourced locally,
within the Sub-Himalaya. Irrespective of the
point of origin, the presence of a distributary
fan system in the plains and of multi-storied
sand bodies suggests a high discharge of the
river. Therefore, the major research questions
that remain to be answered are: (1) Did the
Yamuna flow through the Markanda Valley and
the channel Y1 to join the ancient Ghaggar-
Hakra (Sarasvati) River? (2) What implications
did the fluvial evolution of the Markanda Valley
have on the paleo-hydrography (and surface
water availability) of the Harappan civilization
downstream in the Ghaggar-Hakra system? This
study attempts to answer these questions by
studying the temporal changes in the provenance
of the fluvial sediment in the Markanda Valley
with the help of geochronology, geochemistry
and Sr-Nd isotopic source fingerprinting.

The study in conjunction with the existing
geochronological, geochemical, and isotopic data
from sediment in the Ghaggar-Hakra plain, draw
the following conclusions regarding the status of
the Yamuna-Markanda-Sarasvati connection and
its significance for the Harappan Civilization.
The sediment deposited in the Markanda Valley
during 13.1 to 3.8 ka was sourced from the
concomitant Sub-Himalayan catchment of the
river: the Siwalik Group, the Subathu Formation
and the Dagshai-Kasauli Formations. This is also
true for provenance of the fan sediment dating
back to 57.7 ka. The Markanda Valley sediment
is geochemically and isotopically similar to the
sediment younger than 4.5 ka (silty clay and
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yellow sand) of the Ghaggar-Hakra plains/
paleo-channels; however, it is different from the
sediment older than 4.5 ka (micaceous grey sand)
of the plains, suggesting different depositional
pathway for the latter. The study unequivocally
established that the Markanda Valley was never
connected to the Yamuna catchment during
the last 13.2 ka. Albeit the age gap in the dated
samples, results of this study indicate at lack of
any connectivity between the Yamuna and the
Markanda since 57.7 ka, which in turn suggests
that the Yamuna River, contrary to eatlier
views, did not flowthrough the Channel-Y1.
The micaceous grey sand of the Ghaggar-
Hakra plains originating from the Higher and
Lesser Himalayan sources was unquestionably
deposited by the paleo-Sutlej and the paleo-
Yamuna, with the latter possibly flowing through
the Channel-Y2.

Fig. 3.1.10.1: (A) False colour composite using Landsat-7
imagery bands 234 showing the drainage divide (X)
separating west-flowing Markanda and east-flowing Bata
rivers. (B) Litho-tectonic map of the Upper Markanda
Basin and its major tributaries showing major geological
formations. BiT-Bilaspur Thrust, PaT-Paonta Thrust.

This work was done in collaboration with Dr. Ajit
Singh and Dr. Vikrant Jain of II'T Gandbinagar and
Dr. Milan Kumar Mahala of PRL, Abmedabad.

https:/ [ doi.org/ 10.1016/ j.geomorph.2022.108124
Jyotiranjan S. Ray

3.1.11 Heavy minerals in provenance studies:
An overview

Over the past few decades, the advent of
sophisticated imaging and z-sitn measurements

20

Fig. 3.1.11.1: KDE plots of U-Pb detrital zircons ages of
Murchison River and Ordovician fluvial sediments, West
Australia, showing significant variation in detrital zircon

population from sandstones and modern river sediments
(Markwitz et al. 2020).

as well as data deconvolution techniques have
led to remarkable progress in the field of heavy
mineral research. The prevalence of zircon
in a wide range of igneous, sedimentary and
metamorphic rocks has been used frequently in
estimating provenance, depositional age, tectonic
settings, drainage evolution and crustal evolution.
However, the biased age spectra (induced by
hydrodynamic fractionation, sampling and
measurement protocol and inheritance) yielded
by detrital zircons reinvigorated the need to
utilise other heavy mineral phases (monazite,
apatite, titanite and rutile) for addressing a range
of geological processes. Different heavy minerals

Fig. 3.1.11.2: (a) Histogram showing variation in U-Pb
detrital zircon age spectra for two selected samples of
French Broad River collected a few kilometres apart
(Hietpas et al. 2011b). (b) Detrital zircon and monazite
age spectra from Appalachian Foreland basin showing the
impact of the chosen heavy mineral in provenance studies
(Hietpas et al. 2011a).
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are moderate to highly durable and provide
variable response to magmatic and metamorphic
events thereby providing clues that may be
missed by single detrital grain analysis, thus
emphasising the multi-mineral detrital approach
as an indispensable method to investigate
several geological processes. The present review
highlights the role of detrital zircon and the
associated limitations in using a single heavy
mineral approach in geological studies. This
review further emphasises the advantages of
using multimineral/proxy studies and discusses
the scope of heavy mineral research.

This work was done in collaboration with Elson P
Oliveira of Department of Geology, Institute of
Geoscience, University of Campinas, Campinas, Brazil

https:/ [ doi.org/ 10.1007/512517-021-07687-y

Kumar Batuk Joshi, Upasana S. Banerji, Chandra
Prakash Dubey

3.1.12 Gravity inversion for heterogeneous
sedimentary basin with b-spline polynomial
approximation using differential evolution
algorithm

A MATLAB-based inversion program, b-spline
polynomial approximation using the differential
evolution algorithm (SPODEA), to recover
the concealed basement geometry under
heterogeneous sedimentary basins has been
developed. Eatrlier inversion techniques used
the discretized subsurface interface topography
into a grid of juxtaposed elementary prisms
to estimate the basement depth of a basin.
Such discretization leads to the failure of the
depth profile continuity and requires a higher
number of inversion parameters for achieving
the desired accuracy. The novel approach of
SPODEA overcomes such limitations of earlier
inversion techniques. SPODEA is based on the
segment-wise b-spline optimization technique
to estimate the basement depth by using high-
order polynomials. Moreover, it can achieve
an optimal misfit with minimal parametric
information, which reduces the computational
expense. Our inversion approach uses the
differential evolution algorithm, which provides
real parametric optimization and uses b-splines
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for accurate estimation of continuous depth
profiles. The efficiency of our algorithm
was determined with two complex synthetic
sedimentary basin models comprised of
constantand depth-varying density distributions.
Furthermore, the uncertainty analysis of our
inversion technique is evaluated by incorporating
white Gaussian noise into the synthetic models.
Finally, the utility of SPODEA is evaluated by
inverting gravity anomalies for two different
real sedimentary basins. It produces geologically
reasonable outcomes that are in close agreement
with basement structures from previously
reported results.

Fig. 3.1.12.1: Geology map of the Godavari Basin, India.
AA'is the profile for the gravity anomaly.

Fig. 3.1.12.2: Estimated basement depth profile from
the Godavari Basin, India. The blue dotted curve in (a)
represents the observed gravity anomaly, and the solid
red line shows the inverted gravity anomaly. The solid
red line in (b) represents the inverted depth profile from
Zhou (2013), and the filled region represents the inverted

sedimentary basin using SPODEA.

https:/ | doi.org/ 10.1190/ geo2019-0779.1
Arka Roy, Chandra Prakash Dubey, Muthyala Prasad
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3.1.13 Gravity inversion of 2D fault having
variable density contrast using particle
swarm optimization

A Matlab-based optimization algorithm is
introduced for inverting fault structures from
observed gravity anomalies. A convenient
graphical user interface is also presented for
incorporating the input parameters without any
technical complexity to any users. The inversion
code uses particle swarm optimization, and all
control parameters are tuned initially for faster
convergence. There is no requirement of prior
choice of an initial model, that is the advantage
of using global optimization. The optimization
techniqueis versatile enough to handle any depth-
varying density distributions. The maximum
number of iterations and stopping criterion
is fixed initially for getting the best optimized
solution. The inverted model’s output in terms
of fault structure, observed and inverted gravity

Fig. 3.1.13.1: Aswaraopet Boundary Fault, India having
parabolic density distribution and corresponding
observed gravity anomalies.

anomalies and dip, and vertex location of
fault plane can be viewed in the graphical user
interface at the end of the optimization process.
The optimization algorithm is applied to
different synthetic models with fixed and depth-
varying density contrasts. All synthetic models
are further contaminated with white Gaussian
noise for sensitivity analysis, and detailed
uncertainty appraisal was also performed for the
reliability estimation. Finally, the optimization
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is implemented for fault structure inversion
of the Aswaraopet boundary fault, India, and
found that the optimized solution provides a
good agreement with the previously published
literature. Optimized results indicate that this
novel optimization approach demonstrates a
robust implementation of fault inversion for
any depth-varying density distributions

Fig. 3.1.13.2: Overview of FaultlnvPSO graphical user

interface.

https:/ [ doi.org/ 10.1111/1365-2478.13094
Arka Roy, Thatikonda Suresh Kumar

3.1.14 Gravity inversion of basement relief
using Particle Swarm Optimization by
automated parameter selection of Fourier
coefficients

A global optimization technique using particle
swarm optimization (PSO) is presented to
estimate the depth to the basement of a
heterogeneous sedimentary basin from the
vertical component of the residual gravity
anomalies. Inversion of basement relief for
known density distributions has particular
importance in many real applications such as
mineral exploration, geothermal exploration, etc.
Generally, gravity inversion in the Fourier domain
allows a reduction in the optimization parameter.
However, in the present study, an automated
parameter selection criterion is developed for
further reduction of optimizing parameters.
A detailed uncertainty appraisal analysis is also
performed for different configurations of
synthetic models, which ensures the reliability of
the optimization technique. All synthetic models
are contaminated with white Gaussian noise,
and an optimized depth profile is compared
with noise-free data for sensitivity analysis. The
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result shows the robustness of the optimization
method in the presence of noise. The technique
is implemented on two real gravity anomaly
profiles (1) Godavari basin, India, and (2) Sayula
basin, Mexico. The optimized depth profile
shows a good agreement with the published
results using other optimization techniques.
The method developed in the present work is
a novel approach for the automatic selection
of parameters as per the model’s complexity. It
provides an inversion technique that considers
a small number of parameters with a minimum
computational expense.

Fig. 3.1.14.1: Observed profile from Sayula basin, Mexico
having depth varying density contrast. Blue dotted curve
in upper panel represents the observed gravity field, solid
red line shows inverted gravity field, and filled region in
lower panel represents depth profile estimated by Garcia-
Abdeslem (2003) and red solid line represents inverted
sedimentary basin using present Model.

Fig. 3.1.14.2: Fourier power spectrum of gravity anomaly
and depth profile for Sayula basin, Mexico. The upper
depth bound for the inversion is 5660 m.
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https:/ [ doi.org/ 10.1016/}.cage0.2021.104875
Arka Roy, Chandra Prakash Dubey, Muthyala Prasad

3.1.15 Structure estimation of 2D listric
faults using Quadratic Bezier curve for
depth varying density distributions

A contemporary and decisive optimization
algorithm is developed for inverting gravity
anomalies due to listric faults. The cross-section
of listric faults is generally concave up, and the
dip of the fault plane gradually decreases with
depth. Quadratic Bezier curves are utilized
to represent the curvature of the fault plane.
The densities of sediment deposition are
assumed to be known and can take any linear
or non-linear functional form of depth. By
constraining the density, a global optimization
algorithm is adopted to estimate the fault
structure by inverting control point parameters
of Bezier curves. The presented algorithm
is implemented in two different synthetic
models having fixed and depth varying density
contrasts. The robustness of the algorithm is
authenticated by incorporating white Gaussian
noise into synthetic gravity anomalies. A
detailed uncertainty appraisal is also performed
to justify the reliability of the algorithm. Finally,
a real structure is reconstructed using observed
gravity anomalies, and the estimated structure is
verified with the structure obtained in previously
published literature. Furthermore, a Matlab
based GUI is developed such that any user can
estimate real listric fault structure without any
computational difficulties.

Fig. 3.1.15.1: Inverted Fault structure for Ahiri-Cherla
master fault having parabolic density contrast.
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Fig. 3.1.15.2: The user interface of ListricFaultlnv GUI.
https:/ [ doi.org/ 10.1029/2021E.A00206 1

Arka Roy, Thatikonda Suresh Kumar, Rajat Kumar
Sharma

3.2 Crustal Dynamics Group

3.2.1 Slope stability and landslides: Runout
modelling and detailed stabilityinvestigation
of Taliye landslide, Maharashtra

The Taliye landslide (Fig. 3.2.1.1) that occurred
in Maharashtra is a hill slope debris flow, one of
the recent large-scale landslides in India in terms
of mortality and socio-economic predicaments.
A post-event engineering geological investigation
and numerical modelling of this landslide have
been carried out to have a closer look at its type
and causes of failure, as well as to elicit its flow
characteristics. In general, this area exhibits
a moderately dissected plateau relief and the
landslide has occurred on a north-westerly slope
of a west trending major ridge. The in-situ rock
was identified to be basalt of Diveghat Formation,
which is dark grey in colour and fine-grained in
texture. The debris present in the landslide zone
is mostly comprised of unassorted, uncompacted
basaltic rock fragments. The landslide initiated
as a translational failure of shallow overburden,
later transformed to a sheet type hill slope debris
flow. The total runout of this landslide is 563 m
and it has a maximum width of 230 m at the toe.
The persistent downpour and presence of a small
stream course are thought to be the prominent
triggering factors; however, obstruction to surface
runoff of rainwater and stream by improper
terracing might have augmented the scale of initial
translational failure. The numerical modelling
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package, rapid mass movements (RAMMS) was
used to back analysis of this debris flow, using
the flow shape. For the precise calibration of
Voellmy frictional parameters (dry and turbulent
frictional coefficients, pu and & respectively), this
study introduces the popular receiver operative
characteristics (ROC) technique as a model
validation tool. Amongst the different combinations
of frictional parameters expetimented, the model
with dry frictional coefficient of 0.06 and turbulent
frictional coefficient of 1450 m/s2 has emerged
as the best with an area under the curve value
of 0.883 for the ROC assessment. With the best
frictional parameters, the maximum flow velocity
is simulated to be 5.26 m at the middle reaches
(Fig. 3.2.1.2), and the maximum flow velocity and
pressure are calibrated as 21 m/s and 0.92 kPa (Fig.
3.2.1.2), respectively in the hillock region.

Fig. 3.2.1.1: Location and panoramic view of Taliye
landslide.

Fig. 3.2.1.2: Predicted flow parameters of debris flow, a)
flow height, b) flow velocity and ¢) flow pressure.

Nandakumar V., Bipin Peethambaran

3.2.2 Paleo-fluids in the petroliferous basins
of western offshore, India

First full-fledged facility to study the oil-bearing
fluid inclusions in the various petroliferous
basins established in NCESS. Special wafer
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preparation technique has been developed
to visualize hydrocarbon fluid inclusions
(HCFIs) without background interference.
Also developed a technique to determine the
American Petroleum Institute’s (API) gravity- a
measure of oil quality- present in micron sized
HCFIs and patented the same. Identified the
HCFIs constituents using Raman shifts and a
785 nm diode laser and it was the first of its
kind effort internationally. Determined the oil
window in sedimentary basins (Mumbai offshore
and Kerala-Konkan) using micro-thermometric
analysis. A potential fluid inclusion technique to
determine the paleo temperature in petroliferous
basins was established. Identified carrier beds in
dry wells where hydrocarbon trails are observed
signalling secondary migration.

The data obtained from micron sized fluid
inclusions are valuable tools in reconstructing
fluid flow histories through the carrier beds
and its accumulation in the reservoirs. The
Temperature of homogenisation (Th) data
of coeval aqueous fluid inclusions as well as
hydrocarbon fluid inclusions (HCFIs) obtained
from microthermometric studies of fluid
inclusions have been experimentally infused
for the thermal history modelling in Petroleum
System Model (PSM). The paleotemperature
(Th) is a direct parameter that can be obtained
through microthermometric measurements of
fluid inclusions.

Integration of fluid inclusion data in Petroleum
System Model for two wells RV-1 (proven) and
KK4C-Al (non-proven)- designated as dry
wells from Mumbai offshore basin and Kerala
Konkan basin initiated. For this study two sets
of Petroleum System Models were considered
and calibrated using Fluid Inclusion Temperature
(FIT) and Bottom hole temperature (BHT) to
find the generation and expulsion. The Mumbai
offshore well (RV-1) is showing ~1.2Mtons
of maximum generation starting from Early
Eocene (~51Ma) to Pleistocene (1.8Ma) and zero
expulsion in BHT calibration model, whereas
FIT calibration model is showing a ~2.8Mtons
of generation starting from FEarly Focene
(~51Ma) to Pleistocene (1.8Ma) and expulsion of
~2.4Mtons in Middle to LLate Miocene (~10.1Ma)
indicating an improved generation- expulsion
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history. However, the FIT calibration is indicating
expulsion to a tune of almost generation and
the presence of HCFIs especially in secondary
fractures alone is indicating migration to other
areas. The dry well from Kerala-Konkan basin
is yielding ~0.2Mtons of generation (~32Ma,
Early Oligocene) and zero expulsion for BHT
calibration model and FIT calibration model.
Nevertheless, the low API gravity obtained from
our previous fluorescence-based studies and fluid
inclusions indicate heavy to very heavy bitumen
like hydrocarbon presence in the KIKK4C-Alwell.
The inference drawn from two well points to the
need of migration studies using 2D modeling,
which will be taken up in due course, using
PetroMod software.

Mackenzie heat flow calibration using BHT is
done in most of the oil exploration industry,
but our new approach for the calibration using
the paleotemperature (Th) from FIT is showing
perfect fit into the curve suggesting that FIT is
a reliable method.

Silpa Thankan, Nandakumar 1., Shivapriya S.

3.3 Hydrology Group

3.31 Groundwater chemistry of a
mountainous catchment with complex
geologic and climate gradients, SW India

Mountainous catchments are one of the
world’s important water sources and sustains a
major portion of global population and a rich
biodiversity. The groundwater quantity and quality
of mountainous watersheds depend generally on
the geologic characteristics and climate gradients.
Although many groundwater studies have been
carried out in the midlands and lowlands of many
river basins, not much attention has been paid to
the mountainous catchments, especially of the
tropical watersheds. Here we report a case study on
the groundwater quality and its controlling factors
of a mountainous catchment in the Western Ghats
ranges of peninsular India - the Bhavani River basin,
which is identified as a testbed for Critical Zone
studies by the National Centre for Earth Science
Studies (NCESS). A total of 88 water samples were
collected seasonally for assessing various physico-
chemical parameters, solute contents and scaling
properties. The results of the study revealed the
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presence of higher pH and Total Dissolved Solids
(IDS) in the talc-tremolite dominated central
zone of the watershed whereas low values in the
charnockite dominated areas. The major cations
in the water samples are of the order Ca2+ >
Mg2+ > Na+ > K+ and the anions are of the
order HCO3— > Cl— > SO42—. The content of
Cl— shows higher values in the samples close to
agricultural /settlement areas. An overall evaluation
shows that the hydrochemistry of groundwater in
the studied watershed is influenced both by silicate
and carbonate weathering, Principal Component
Analysis and Agglomerative Hierarchical Clustering
indicated that the water quality variations are mainly
due to geogenic/natural processes. However
anthropogenic  factors also had significant
effect in the agticultural/settlement dominated
areas. Mineral stability indices computed for the
groundwater reveal that 52% of the samples are
supersaturated with carbonate minerals and often
exhibit scaling due to solute overloading. Saturation
Index and mineral stability diagram also support
that the incongruent dissolution of aluminosilicate
minerals (silicate weathering) is an important
hydrochemical process influencing the chemistry
of groundwater. Langelier saturation index (LSI)
and Puckorius scaling index (PSI) worked out for
the samples indicate that a significant number of
open well and borewell samples exhibit scaling
tendency. Among the contributing factors that
determine water quality of groundwaters, chemical
weathering and anthropogenic activities play a
significant role. Long-term monitoring of the
hydrochemical characteristics of the groundwater
in the region could unravel the source contribution
and future trends in hydrochemical characteristics
of the groundwater systems in intensely managed
agricultural areas in arid and semi-arid regions.

Fig. 3.3.1.1: Spatial variation of cations and anions in the
pre-monsoon and post-monsoon seasons of borewell
samples in the upper Bhavani River basin.
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Fig. 3.3.1.2: Plots of Saturation Indexes with respect to
TDS for (a) pre-monsoon and (b) post monsoon seasons.

https:/ | doi.org/ 10.1007/ s12665-021-09862-6

Gayathri |. A., Vipin T. Rayj, Sreelash K., Maya K.,
Vandana M., Padmalal D.

3.3.2 Freshwater sources of Kerala
- Hydrometeorological scenarios,
environmental threats and management
strategies

Kerala state in the southwest India receives
an annual average rainfall of about 3000
mm. However, providing uninterrupted
freshwater supply to the community round
the year is a major challenge to the water
managers in the state because of many factors
including high population density, increased
human interventions in the river catchments,
environmental effects due to climate change, etc.
It has now become more and more evident that
the nature and contributions of rainfall, especially
its pattern, have been changing drastically over
the years, aggravating incidences of floods and
landslides in wet (raining) season and water
scarcity in dry (summer) season. Although such
incidences were minimal in the pre-liberalization
period (pre-1991), their recurrence and impacts
are getting aggravated in the post-liberalization
period (post-1991) - a period that witnessed
severe environmental degradation due to rapid
urbanization and economic development in the
region. As per the records of the river gauging
stations in the state, the number of no-flow/
low flow days are increasing even in the lowland
reaches of the major rivers. The adverse impacts
of unabated groundwater abstraction/pumping
are on the rise in many parts of the state, as
the activity is being carried out without due
regard to the safe yield and natural recharge
capability of the aquifer systems. The rapidly
changing water scenario of the state in the
pre-and post-liberalization periods needs a
thorough investigation, especially in regard to
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the structure and functions of its near surface
terrestrial environment called the Critical Zone.
It is certain that the stress in the Critical Zone
will have a direct effect on the quality, quantity
and availability of the freshwater resources in
the surface and subsurface sources, which needs
to be addressed adequately for laying down
strategies for the conservation and management
of the state’s water sources.

Fig. 3.3.2.1: Time series of the daily streamflow during
the months of January to May of the Vamanapuram river
depicting the increasing number of low flow days during

the recent decade.

Fig. 3.3.2.2: (a) The existing check dam in the downstream
reach of Vamanapuram river acting as a barrier between
the freshwater and saline water and (b) Schematic of the
freshwater-saline water mixing zone and the changes that
has occurred due to the check dam.

Fig. 3.3.2.3: Saltwater intrusion due to indiscriminate
floodplain sand mining using high power get pumps- A
case from the downstream reaches of Muvattupuzha
River
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Special Publication, Geological Society of India, No.
10, 2021.

Sreelash K., Arulbalaji P., Maya K., Padmalal D.

3.3.3 Major element chemistry of the
Bhavani River, SW India — weathering
processes and solute transport

Rivers are the natural pathway of geochemical
signals from terrestrial environment to the
ocean realm. However, this life sustaining
system operating in tropics and subtropics is
more reflexive to the adversities of urbanization,
industrialization and other human interventions.
The problem is severe in the case of small rivers
that are more responsive to externalities. A
study has been conducted to address the major
ion chemistry and solute transport of one of
the important east flowing rivers of Kerala,
the Bhavani River that drains through different
geologic and climate gradients. Hydrochemical
dataof the BhavaniRiver,indifferentstretches of
the river, was obtained from field work, sampling
and #n-sitn and laboratory analysis. In order to
understand the spatio-temporal changes in the
river water chemistry and causal mechanisms
behind the changes in the long-term discharge
characteristics, data from three gauging stations
(Nellithurai, Thengumarahada and Savandpur)
have been obtained from the Central Water
Commission (CWC) via the surface water
module of the India - WRIS (Water Resources
Information System). The eastern part of the
river basin experiences semi-arid/ arid climate
with rainfall essentially predominated by the
northeast monsoon, but the western most part
of the river basin experiences humid climate
with a dominant southwest monsoon. The
controlling factor of the major ion chemistry of
the river was studied using Gibbs’s model and it
indicates that the chemistry of the river water is
controlled mainly by silicate weathering rather
than precipitations. The river water chemistry
of Bhavani River is dominated by Ca, Na and
HCO,. The hydrochemical analysis shows that
majority of the water samples are of Ca-HCO,
type. The particulate load/ dissolved load ratio
of the Bhavani River is much less than that of
the west flowing rivers of Kerala indicating
the dominance of chemical weathering and
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evaporation over physical weathering;

Fig. 3.3.3.1: Piper diagram showing the water chemistry in
the gauging stations.

Fig. 3.3.3.2: Gibbs plot of Bhavani River at Nellithurai,
Thengumarahada and Savandpur gauging stations.

This work was done in collaboration with Prof. K.
Sajan, Cochin University of Science and Technology.

Special Publication, Geological Society of India, No.
10, 2021.

Vipin T. Raj, Gayathri |. A., Vandana M., Sreelash
K., Padmalal D.

3.3.4 Spatiotemporal variability of rainfall
and its effect on hydrological regime in a
tropical monsoon-dominated domain of
Western Ghats, India

Rainfall is an essential component of most
hydrological processes and its spatiotemporal
distribution and changing  characteristics
can have profound impact on agriculture,
ecosystems and water resource management.
With increasing concerns about intensification
of climate change, it is essential to understand
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the nature and variability of rainfall and its
changing patterns at different spatiotemporal
scales, for effective management of water
resources, especially, in regions with marked
spatiotemporal variability in rainfall. A study has
been conducted to assess the spatiotemporal
changes in the rainfall pattern (trends in
monthly, seasonal and annual rainfall, number
of dry/wet days, total rainfall from dry/wet
days, prolonged dry/wet spell, rainfall from
low, moderate and high intensity daily rainfall
events, and seasonality of rainfall) in six river
basins of a tropical monsoon dominated state
of Kerala, using a 28-year (1991- 2018) rainfall
data. Further, the impact of changes in the
rainfall and its characteristics on the hydrology
(in terms of stream flow, groundwater level
and evapotranspiration) of the river basins
were analysed. The results in general shows a
weakening of the monsoon rainfall over the
Kerala region during the past two decades.
A decreasing trend in rainfall was observed
in the annual and monsoon seasons, while
an increasing trend was observed in the pre-
monsoon season. Significant decreasing trend in
the rainfall was observed in the months of June
and July followed by an insignificant increasing
trend in the month of August and September.
The magnitude of trends in rainfall during
1991- 2018 was found to be significantly higher
than the trends over longer periods, indicating
an accelerated change in the rainfall pattern
during the recent decades. Analysis of rainfall
characteristics indicates that the monsoon
droughts are becoming more predominant
throughout Kerala. This is evident from the
decreasing trend in the total number of wet days,
prolonged wet spells and the total rainfall from
the wet days and increasing trends in the total
number of the dry days, prolonged dry spells
and the total rainfall from dry days in the case of
annual rainfall and monsoon rainfall. The total
rainfall from moderate and heavy rainfall events
showed a decreasing trend, while the rainfall
from low rainfall events showed an increasing
trend in the studied basins. The decreasing trends
in Seasonality Index (SI) reveals that the rainfall
distribution has become more symmetric over
the years. Controls of physiographic features
on rainfall was evident. The declining trend in
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the monthly, seasonal and annual rainfall was
found to be more predominant in the lowlands,
followed by midland and highlands. The effect
of the changes in the rainfall characteristics
was evident on the hydrological regime of
the studied river basins. The decline in stream
flow both at seasonal and daily time scales and
decline in groundwater levels indicate the effect
of changing rainfall patterns on the hydrology
of the studied river basins. The study calls for
a revised plan for water management, adaptive
cropping pattern and reservoir operations in the
state of Kerala.

Fig. 3.3.4.1: Changes in the streamflow, seasonal rainfall,
dry spells and seasonality index of the different river
basins in Kerala (RBO1 — Kallada, RBO2-Pampa, RBO3-
Periyar, RBO4-Bharathapuzha, RBO5-Chaliyar and RBO6-
Valapatnam.

Fig. 3.3.4.2: Spatial variation of the trends in groundwater
level and evapotranspiration of Kerala.

NCESS Annual Report 2021-22
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Merin Mariam Mathew, Sreelash K., Micky Mathen,
Arulbalaji P., Padmalal D.

3.3.5 Moisture recycling and evaporation
processes along the Western Ghats
orography

The present study is intended to improve
understanding on the variation of precipitation
isotopic composition along multiple stations
located at different elevations of Periyar River
Basin (PRB) and a coastal (TRV) station (Fig:
3.3.5.1). The 6"O wvariation with elevation
across PRB revealed an abrupt depletion at the
highland station and a pseudo-elevation effect
due to the supply of evaporated local moisture
from reservoirs and lakes. The contribution
of recycled precipitation estimated using back
trajectories suggested a maximum of 8.5% of

Fig. 3.3.5.1: (a) Study area in the Western Ghats Mountain
range, (b) Digital Elevation Model (DEM) and location
of sampling stations.

locally recycled rainfall over midland station
towards September (Fig. 3.3.5.2). Though this
approach did not show any signatures of moisture
recycling in the highland station, the surface water
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(reservoirs and lakes) lc-excess (line-conditioned
excess), and the d-excess (deuterium excess)
values of precipitation suggested the higher
rates of evaporation from large water bodies
and their successive role in generating local
rainfall. Statistically significant amount effects
visible only along coastal stations with lower
rates of precipitation and higher temperature
indicate that precipitation along the Ghats region
(midland and highland) is significantly controlled
by orographic uplift of air moisture and the
contribution from locally recycled moisture. This
is further supported by the significant correlation
of 8"0O with regional convective processes
along the Arabian Sea till midland station and
further decrease towards the highland. The study
also provided an important information on the
moisture feedback mechanism in the Western
Ghats and the factors controlling the isotopic
signatures over the region.

Fig. 3.3.5.2: Moisture uptake (Aq = +ve) locations along 168
h back trajectory reaching the sampling stations at different

(500, 1000 and 1500 m ag]) levels (Saranya et al., 2021).

This work was done in collaboration with Nifesh
Sinha, Center for Climate Physics, Institute for Basic
Science, Busan, Republic of Korea and Sudbir Kumar,
National Institute of Hydrology, Ministry of Water
Resources, Roorkee

https:/ | doi.org/ 10.1016/ j.atmosres.2021.105863
Saranya P., Krishnakumar A., Anoop Krishnan K.

3.3.6 Impact of flood on groundwater
hydrochemistry

Since the Periyar River Basin (PRB) is endowed
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with several reservoirs and dams, the basin had
witnessed the impact of climate change and is
reflected in many ways including flooding (2018
and 2019). The qualitative aspects of surface
and ground water resources in the basin revealed
that flooding has tremendously impacted the
Surface Water (SW) resources while Ground
Water (GW) was not much affected. The
results of the impact of flood in the lowland
reaches of GW resources of PRB showed that
parameters like pH, TDS, EC, TH, NH, 7, NO,
-, HCO, -, SO, *, SiO, *, Mg**, and K* were
decreased durmg ﬂood time compared to pre-
flood petiod. On the other hand, Ca**, Na®,

and CI", turbidity values were increased during
flood times. Values of pH, TDS, EC, turbidity,
NH, -, HCO, -, SO, *7, SiO, *> Mg **, Na*, and
K" Were shghtly 1ncreased in post- ﬂood perrod
compared to flood period. When compared to
the pre-flood values, turbidity, NH, -, SO, *",
Na®, and K" were slightly 1ncreased in post—
ﬂood period. It was also observed that pH,
TDS, EC, TH, NO, -, CI, HCO,, SiO,",
PO, Ca™ Mg2 and E. coli values were hlgher
in pre—ﬂood periods compared to post-flood
period (Fig. 3.3.6.1) (Discussed in detail in doi.
org/10.1007/s11356-021-17596-y). The Piper
plot indicates dominance of Ca-Mg-HCO,
type in pre-flood, and mixing of Ca-Mg-HCO,
type in both flood and post-flood periods. The
USSL plot depicted that 92-96% of samples are
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Fig. 3.3.6.1: Comparative variation of different
hydrochemical parameters during pre-flood, flood and
post-flood periods

noted as lower salinity and low sodium hazard,;
however, 4-11% of samples are noted as high
salinity but low sodium hazard. The Wilcox
diagram indicates that, 88-96% of groundwater
was found as higher suitability for irrigation
during the study periods. Based on WQI model,
out of the 26 samples studied, 69% of wells
showed improvement in water quality after
flood; meanwhile, 19% well water samples in
flood were observed for lower quality compared
to pre-flood times and 12% of samples remain
unchanged during flood (Fig. 3.3.6.2). Though

Fig. 3.3.6.2: Spatio-temporal variability of Water Quality
Index for pre-flood, flood and post-flood periods.
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floods are having positive and negative impacts,
it is clear that quality of the groundwater in the
RPLB is not severely affected, but they became
diluted to permissible limits during flood and
post-flood periods.

https:/ [ wwmw.doi.org/ 10.1007 /s11356-021-17596-y

Krishnakumar A., Jeenu Jose, Kaliraj S., Aditya §. K.,
Anoop Krishnan K.

3.3.7 Water quality assessment of tropical
freshwater lakes of Kerala

Besides the direct anthropogenic and climate
change influence on riverine systems, lakes
and wetlands are also under the threat of
global environmental changes and human
interventions. Therefore, the baseline data on
water quality and their influencing factors in
some of the important lakes were studied to
strengthen our understanding on these systems.
For this study, a total of 60 surface water
samples, 20 samples each from the three lakes
were collected from the Vellayani, Sasthamcotta
and Pookot lakes (Fig. 3.3.7.1). The results of

Fig. 3.3.7.1: Location map of the study area.
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the analyses were compared with maximum
permissible limit values recommended by
World Health Organization (WHO) (2017)
and Bureau of Indian standards (BIS) (2012).
The annual concentration of majority of the
constituent parameters showed an increasing
trend. TDS values of Sasthamkotta (mean TDS
> 500 mg/1) and Vellayani lakes (mean TDS >
500 mg/1) reflect the turbid and contamination
scenario of the freshwater ecosystems. Increased
concentration of primary nutrients like NO,”
(mean >4 mg/l) and PO, (mean >3 mg/I)
in Vellayani lake depict nutrient enrichment,
both from anthropogenic influences and
runoff from point and nonpoint sources. The
observed hydro-chemical facies were NaHCO,
for Pookot lake, NaCl with subotrdinates of Ca
and Mg for Sasthamkotta lake and NaHCO,
with subordinates of SO, for Vellayani
lake, based on Piper trilinear diagrams (Fig.
3.3.7.2). Water Quality Index (WQI) were
calculated for evaluating influence of natural
and anthropogenic activities based on several
key parameters (pH, EC, TDS, HCO,", CI',
SO, NO, , Ca**, Mg*", Na*, K) in surface
water chemistry. As per the WQI, majority of
the samples in the three lakes, based on the
observed chemical constituents were falling
under ‘good’ category but the real havoc was
existed due to bacteriological contamination. It
was observed that there was an increased count
of coliforms in the lake waters of Vellayani
(140 MPN/ml), Sasthamkotta (260 MPN/ml)
and Pookot (90 MPN/ml), which must be zeto
for drinking needs, according to WHO (2017)
and BIS (2012) drinking water guidelines. The
increased microbial population in all the three
lakes indicate the unhealthy practices in the lake
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Fig. 3.3.7.2: Piper trilinear diagram showing ionic
concentration in Vellayani, Sasthamkotta and Pookot
lakes.

catchments. Therefore, sustainable management
measures should be taken to improve the water
quality of the fresh water resources of Kerala.

This work was done in collaboration with Dhanya
Thulseedbaran of Department of Physics, University
of Kerala

https:/ [ doi.org/ 10.1016/j.ennmm.2021.100588
Revathy Das, Krishnakumar A., Ratheesh Kumar M.

3.3.8 Implications of methane emissions in
biogeochemical budgeting

Studies were conducted on freshwater lake
ecosystems in Southern WGs for qualitative
water analysis and their role in regulating the
GHGs concentrations in the atmosphere.
Investigation was done on measuring the
daytime pattern of methane emissions during
pre-monsoon, monsoon, and post monsoon
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seasons from a tropical wetland system, namely
the Vellayani lake located in the urbanized
area of Thiruvananthapuram city in Southern
India (Fig. 3.3.8.1). The difference in the
methane flux from the vegetated littoral zone
and non-vegetated limnetic zone and the
edaphic features controlling the production
and emission of methane were also studied.
Methane emissions were measured using static
chamber, and analyses were performed using
gas chromatograph. The methane emissions
recorded in monsoon season from vegetated
littoral zone was significantly higher compared
with pre- and post-monsoon seasons, indicating
seasonal fluctuations in methane emission from
the wetland system (Fig. 3.3.8.2). CH, efflux in
the zone of emergent vegetation in the littoral
zone was significantly higher than from the
non-vegetated limnetic zone indicating the
importance of vegetation in methane transport
to the atmosphere. Positive correlation of CH,
efflux with edaphic factors like total organic
carbon and total nitrogen showed that these
factors largely determined the production and
emission of methane. These results underlined
the fact that the vegetated littoral zones of
lake, especially the emergent plant zones were
supersaturated with CH, compared with non-
vegetated zones, by facilitating the production
of carbon for CH, emission, and also enabled
the release of CH, by diffusion through the
intercellular gas lacunas. The study arrives at the
conclusion that the atmospheric CH, emissions
will be altered by the growth of exotic species
and may be the reason for enhancing the climate
warming in local/regional environment and
may be even important globally.

Fig. 3.3.8.1: Study area showing locations of samples
collected, with photographs of vegetated littoral and
open limnetic zone of Vellayani lake.
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Fig. 3.3.8.2: Daytime variations of CH4 emissions from
vegetated littoral and non-vegetated limnetic zone in

different seasons.
https:/ [ doi.org/ 10.1089/ ees.2021.0121
Revathy Das, Krishnakumar A.

3.3.9 Groundwater quality assessment using
Entropy Water Quality Index

Studies were conducted in Kallada river
basin (KRB) of WGs to assess the global
environmental changes. The hydrochemical
analysis of GW resources for studying the
freshwater  depletion and contamination
indicates that the entire samples collected from
the highland and midland stretches of the basin
pertains to the desirable category for drinking
purposes. The Entropy Water Quality Indices
(EWQI) value indicates about 39% of samples
as moderate quality water (rank-III) and 29%
are of excellent quality (rank-I) confirming
that the groundwater is nearly adequate for
drinking targets during pre-monsoon while in
monsoon and post monsoon seasons, EWQI
values indicated 90% and 77% of total samples
as excellent quality (rank —I) (Fig. 3.3.9.1).
The groundwater samples procured from the
lowland (estuarine) regions of the study area
revealed that the prevalent cations are Na* and
Ca **, and prevalent anion as Cl". This might
have resulted from the man-made interventions
and agricultural practices in the low-lying
extents of the basin. The samples from majority
of the open wells in KRB has been upgraded
after the pre-monsoon season which points
out the rainfall dominance in the monsoon
season. The Principal Component Analysis
(PCA) extracted three factors and the obtained
results shows that CI, TDS, Na*, and Ca** ions
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contribute towards the moderate pollution load
in groundwater (Fig. 3.3.9.2).

Fig. 3.3.9.1: EWQI category of Groundwater samples in
the study region.

Fig. 3.3.9.2: PCA on 11 variables of groundwater samples
during (a) pre-monsoon (b) monsoon and (c) post-

monsoon seasons.

https:/ | doi.org/ 10.1002/ tgem.21840
Uma Mobhan, Krishnakumar A.

3.3.10 Geochemical analysis of soils and
sediments in Western Ghats

The geochemistry of soils and sediments are a
topic of concern in contamination/ pollution
purview to assess the potential impacts of
anthropogenic interferences occurring in the
environment since the soils of Sahyadri have
a miraculous ability to absorb, and retain the
rainwater and orient it to streams through the
near surface springs. The highland regions
of WGs are the largest producers of high
yield cardamom, coffee, cocoa and spices and
therefore as a result indiscriminate use of
various pesticides, fertilizers and weedicides
are observed in this region resulting in the
deterioration of soil quality. The unscrupulous
usage of agrochemicals in cardamom
plantations, releases high levels of potentially
toxic elements (PTEs) into the soils. The results
of the soil samples collected from the highland
regions of PRB revealed that the study area was
contaminated with PTEs, and their observed
average concentration was in the order Ba > Zr
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>V > Cr > Ni > Sr > Zn > Cu. Geochemical
maps were generated to understand the hotspots
in trace element contamination. Correlation
matrix and factor analysis were applied to
apportion the sources of PTEs. Enrichment
factor and geochemical accumulation index
indicated slight enrichment in all the elements
analysed. The contamination factor varied from
15.41 to 25.58, signifying a considerable degree
of contamination in the area with respect to
soil pollution (Fig. 3.3.10.1). The pollution load
index (PLI) values ranged from 0.97 to 1.99,
indicating progressive deterioration of the sites
(Fig. 3.3.10.1). High degree of contamination
and PLI values implied that not only geogenic
sources, but also intensified anthropogenic
activities may contribute to trace element
accumulation. This work provides insights on
the accumulation of PTEs in the soils, which will
pose a great health risk to the local population
through the consumption of various agricultural
products cultivated in the area. Moreover, the
study identified the presence of acephate and
fenvalerate as the major pesticide used while
ethion is absent in all the samples. Accordingly,
spatial variation diagrams were prepared.

Fig. 3.3.10.1: Spatial variability maps showing distribution
of PTEs in the agricultural soils of the study area.

https:/ | doi.org/ 10.1002/ tgem.21792
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3.3.11 Geochemical aspects and
contamination evaluation of major and
trace elements in the sediments of Kallada
river, southern Western Ghats, India

The sediment samples were analyzed from
Kallada River Basin (KRB) to study the
terrestrial biogeochemical cycling of elements
and it was seen that the coastal sediments of
KRB were polluted mainly by Zr which exhibits
high values in the pre-monsoon season. Among
the major elements, Tiis the only element which
manifests slightly higher values in the pre-
monsoon period. Zr showed exceptionally high
values of geo accumulation index (Igeo) during
all the seasons of study followed by Zn and Cr.
The downstream stretches of the river showed
very high degree of contamination (Cdeg) due
to the discharge of untreated municipal sewage
and waste from small-scale industries. Except Ti,
Ca as well as Zr in coastal zones, the EFc values
were less than 10 for all the minor elements
during the three seasons of study. PLI values
varied between 0 and 1.001 for the analyzed
minor (trace) elements indicating non-polluted
category. It was also observed that there are
no substantial correlations among majority of
the heavy metals, suggesting that the metals
are independent with each other. Based on the
textural analysis, it was observed that sediment
samples predominantly come under sand and
silty sand classifications and finds a strong
association with Zr, Zn and Crt.

https:/ [ doi.org/ 10.1080/ 10934529.2022.2053450

Uma Mobhan, Krishnakumar A.

3.3.12 Indian thermal springs

Thermal springs are important component
of continental and submarine hydrothermal
systems that involve the interconnected
processes of heat and, chemical and aqueous
fluid transport in the Earth’s crust. Naturally
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heated waters emanating from thermal springs
have been known to mankind and being used
for recreational purposes for hundreds of years.
These geothermally heated waters arealsoaclean,
renewable resource that can be harnessed for
use as heat and produce electricity. The prospect
for geothermal energy in India is promising
when considered the existence of large number
of hot springs (more than 300) distributed in
various physiographic/geologic domains of
the country. A comprehensive review has been
conducted on the widely distributed thermal
springs in India from a hydrogeochemical and
isotopic perspective. Detailed investigations
over the last few decades culminated in the
development of a vast geochemical database for
thermal springs and associated gaseous phases.
These representative datasets of thermal spring
waters from different parts of the country have
been evaluated following a classical approach,
including water classifications that identified
significant hydrogeochemical variations among
different thermal spring clusters. Based on
the geotectonic framework, the thermal
springs have been classified into four groups:
(a) Orogenic belt, (b) Areas of deep-seated
faults and lineaments, (c) Rifts and grabens of
Gondwana basin and (d) Deep sedimentary
basin. Differences in rock-water interactions,
and system characteristics such as water source,
heat source, and topographic relief, were
found to be the causes of observed variations.
Thermal springs near the coast of western India
have a high CI content relative to Na, indicating
that they have been influenced by seawater.
Thermal springs in the northern territory have
high HCO, and low Cl, suggesting that they
have mixed with HCO-rich near-surface water.
Due to their emergence from the periphery of
Precambrian crystallines, most thermal springs
in the central and eastern part of India are
distributed within the Na-Cl and Na-CI-HCO,
type facies with low SO, content. Different
geochemical thermometers such as silica, cation
thermometers, and a combination of silica
K-Mg systems were used to estimate reservoir
temperatures, resulting in a temperature range
of roughly 60-140°C. In general, the reservoir
temperatures for thermal springs in India’s
northern and eastern parts are greater than
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Fig. 3.3.12.1: N2-Ar-He ternary diagram for the gas
samples of the Indian thermal springs. (ASW= air-
saturated water).

those located in the southern and western
continental margins. The chemistry of the
associated gaseous discharges is dominated
by atmospheric components. The exceptions
are thermal springs from the Orogenic belt of
Himalaya that are enriched with CO, possibly
sourced from metamorphic decarbonation.
The °He/'He isotopic ratio in the gaseous
discharge across all the groups and subgroups

Fig. 3.3.12.2: The plot of log (SiO2) versus log (K2/
Mg). The lines represent simultaneous attainment of
equilibrium for the systems involving silica and K-Mg
(Giggenbach and Glover, 1992).

predominantly bears sighatures of crustal origin.
Stable isotopic signatures strongly suggest that
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these hydrothermal systems are predominantly
recharged by local meteoric waters. In contrast,
a discernible positive oxygen-isotopic shift in
thermal waters indicates the existence of high
enthalpy reservoirs in the NW Himalayan
region. Except for a few springs, long circulation
time (>50 years) of meteoric waters within the
conduit is indicated by low tritium values in the
thermal waters.

https:/ | doi.org/ 10.1016/ j.earsciren.2021.103890

Prasenjit Das, Maya K., Padpmalal D.

3.3.13 Paleoclimatic and paleoceanographic
records from the Bay of Bengal sediments
during the last 30 ka

The Bay of Bengal (BoB) is a semi-enclosed
basin located in the north-eastern Indian Ocean
which receives enormous fluvial sediment
input primarily from the Himalayan and the
Peninsular rivers depending on the Indian
monsoon intensities. The seasonal reversal
of monsoonal currents over the northern
Indian Ocean leads to Indian monsoon which
varies as a function of lateral migration of the
Intertropical Convergence Zone (ITCZ) which
in turn leads to both Indian Summer Monsoon
(ISM) and Northeast Monsoon (NEM) over the
BoB. Despite being such a dynamic region, the
instrumental and oceanographic data for the
BoB seldom goes beyond the last century which
invigorated its long-term reconstruction of
paleoclimate and paleoceanography, especially
since last 30 ka, as it includes the most recent
glacial period ie., the Last Glacial Maxima
(LGM: ~19-23 ka). Further, the last 30 ka also
consists of several other globally recognized cold
climatic events such as the Henrich events (H1:
~15-17 ka; H2: ~24-25 ka) and Younger Dryas
(YD: ~12.9-11.8 ka) along with warm climatic
events such as Bolling-Allerod (B/A: ~14.8-12.9
ka) and Holocene epoch (~11.8 ka - Present).
In this work, a synthesis of paleoclimate and
paleoceanographic reconstruction exclusively
from the BoB and its nearby regions has been
made with specific focus on the climatic events
of last 30 ka. The study suggests that intensified
NEM with simultaneous weakening of ISM
during LGM was accompanied by a marked
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decline in Sea Surface Temperature (SST) of
nearly 2-3°C, while strengthened ISM during
B/A and Holocene with an intermittent ISM
weakening during H1 and YD has been inferred.
The NEM strengthening during LGM, led to
enhanced sediment and water discharge from
the peninsular rivers and reduced discharge
from the Himalayan rivers in the northern
and western BoB. Further, the weakening of
Atlantic Meridional Overturning Circulation
(AMOC) during YD and H1 led to diminishing
water column stratification in the north-eastern
BoB causing enhanced productivity.

Fig. 3.3.13.1: (a-d) Paleoceanographic reconstruction
from the Bay of Bengal and its comparison with the
effective mean moisture reconstruction (e), solar and
orbital forcing (f), ice rafted debris (g), Strength of
Atlantic meridional ocean circulation (h) and temperature

reconstruction (i).

https:/ [ doi.org/ 10.1016/ j.jseaes.2022.105169

Nayana V. Haridas, Upasana S. Banerji, Maya K.,
Padmalal D.

3.3.14 Linkage of Indian monsoon with the
North Atlantic climate during the Holocene:
an emphasis on the Bond events

The high frequency of climate instability for
the late Pleistocene has revealed the recurrence
of Dansgaard-Oeschger (D/O) and Heinrich
events (H). During the Holocene period, the Ice
Rafted Debris IRD) from the North Atlantic
was identified as the Bond Event (BE) and
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were considered equivalent of D/O cycles. A
close knitted association of the millennial-scale
North Atlantic climate and the Indian Summer
Monsoon (ISM) demonstrated a mechanistic link
during the last ice age. However, a stable climate
persisted during Holocene that witnessed trivial
amplitude of North Atlantic climate influence
compared to late D/O and H-events. Thus,
it necessitates to address the linkage of ISM
with the BE in order to exclusively investigate
response of Indian monsoon towards the cold
event of the North Atlantic Ocean during
Holocene epoch. The BE has been numbered
from O to 8 wherein O corresponds to Little
Ice Age (LIA: ~0.4 ka) and 1 corresponds to
Dark Age Cold Period (DACP: ~1.4 ka), while
2, 3, 4, 5a, 5b, 6, 7 and 8 correspond to ~2.8
ka, ~4.4 ka, ~5.5 ka, ~7.5 ka, ~8.1 ka, ~9.4
ka, ~10.3 ka, and ~11.1 ka of the BE climate
events. Though the driving mechanism of BE
remains uncertain, the reduced solar forcing and
thermohaline circulation have been associated
with the BE which in turn have hemispheric
scale teleconnections. The ISM impacting the
south Asian countries with significant rainfall
over Indian landmass and nearby areas, has
expounded a teleconnection with other climate
variables and forcing factors. Despite having
extensive studies on ISM reconstruction and
reviews on the Holocene period, its climatic
association with BE remains almost pootly
understood. Here we reviewed the published
marine and continental records that varied in
accordance with the Indian monsoon system.
The study revealed that the BE-5, 3, 2, 1, and
0 are well identified as weak ISM phases while
enhanced winter precipitation was observed
during BE-0 and possibly during BE-2. Despite
the fact thatlimited studies have deciphered weak
ISM during BE-4, 6, 7, and 8, further studies
need to be explored address the response of ISM
towards these north Atlantic climatic events.
The study attempts to pave an understanding
of the link and/or teleconnection of the ISM
during each spell of the Bond events from 0
to 8 and highlights the response of marine and
terrestrial archives from northern Indian Ocean
and the Indian subcontinent to the BE during
the Holocene epoch.
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Fig. 3.3.14.1: Comparison of the continental and marine
records from the Indian subcontinent and northern
Indian ocean wherein the yellow bands represent the

Bond Events from 0-8.

https:/ [ doi.org/ 10.1016/B978-0-323-90085 -
0.000164

Upasana S. Baneryi, Padmalal D.

3.3.15 Holocene monsoon and sea-level
variability from coastal lowlands of Kerala,
SW India

The widespread Early Holocene sea-level
rise observed along the global coastal realms
reinvigorated the need to decipher sea-level
variability on a local and regional scale, yet
limited attempts were made on simultaneously
addressing sea-level and climate variability.
The southwest coast of India is endowed with
several geomorphic features providing cues
on the paleo-sea level and climate variability
engrossed with its sedimentary sequence in the
lowlands. The study demonstrated high sea-
level along with warm and wet climate due to
Indian summer monsoon (ISM) intensification
during 9.69 — 7.56 ka corroborating with the
Holocene Climate Optimum (HCO). However,
a break in the sediment deposition is observed
between 7.56 and 3.51 ka, the reason for which
is yet to be fully understood. During 3.51-2.55
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ka, the gradual weakening of ISM has been
invoked with an intermittent monsoon spell
during 3.20-3.40 ka. After 2.55 ka the sediment
core records occurrence of coarser clastics
indicating sediment deposition by the migrating
distributary channel of the Pamba-Manimala
rivers. The high sea level during HCO attests
that the core location plausibly represented the
southward extension of the Vembanad lagoon
which transformed into part of the terrestrial
system due to the gradual sea regression
during the mid-late Holocene period followed
by deposition of alluvial sediments from the
hinterland rivers.

Fig. 3.3.15.1: (a) Location of the core along with its
geology and geomorphology of the study area; (b) Age-
depth plot and sedimentation rate for the core L7; (c)
Downcore variations of the geochemical proxies for the

1.7 sediment core.

This work was done in collaboration with Prof. Ravi
Bhushan, Ankur | Dabhi and Nisha Bbarti of
Physical Research Laboratory, Abmedabad, Gujarat.

bitps:/ | doi.org] 10.1016) j.quaint.2022.03.005

Jithu Shaji, Upasana S. Banerji, Maya K., Padmalal
D., Kumar Batuk Joshi
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3.3.16 Holocene changes in fluvial
geomorphology, depositional environments,
and evolution of coastal wetlands - A
multiproxy study from Southwest India

The Kuttanad Kole Wetlands (IKKW) in Southern
Vembanad basin, SW India is a unique wetland
system, where paddy cultivation is being carried
out 1.0-2.0 m below mean sea level. The fertile
soil in the KIKW in its upper, eastern part (upper
Kuttanad) is formed essentially from deposition
of fluvial sediments from the hinterland rivers.
The wetlands host one of the largest subfossil
shell deposits in India. The present study has
been undertaken to use the spatial distribution
and geochronology of the lime shell deposits
along with multiparametric study of the borehole
data collected through various projects to decode
the depositional processes and coastal evolution
of KKW — an important Ramsar wetland system
of international importance in India. Except
the top 2.0-3.0 m riverine sediments, the rest
of the core sediments is of lagoonal nature
with occasional presence of molluscan shells.
The top riverine sediments are yellowish brown
with heavy minerals derived from charnockite
provenance. However, the heavy mineral suite
in the lagoonal sediments of early—middle-
Holocene age is dominated by sillimanite—an
indicator mineral of the khondalite that occur in
areas south of the Achankovil Shear Zone. This
shows that, during early—middle-Holocene, the
KKW was not influenced by the hinterland rivers
draining the charnockite provenance, instead
was influenced by sediments derived from the
Kerala Khondalite Belt. This together with the
occurrence of subfossil shells of Villoritta sp. in
the lagoonal sediments with radiocarbon dates of
3.0—4.0 k yr BP reiterate that the hinterland rivers
that drain the charnockite provenance joined the
KKW only during late-Holocene. The following
are some of the major highlights of the study:

The Achankovil, Pamba, and Manimala rivers
when entering into the KIKW get branches out
and takes a northwesterly course and flows a
long distance, before joining with the Vembanad
Lake, instead of flowing straight to the Arabian
Sea just covering a few kilometres. The river
influenced, southeastern part (Upper Kuttanad)
of KKW is blanketed 2—5 m thick alluvial sands
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and clays over a fairly thick deposit of lagoonal
clays often with molluscan shells. The entire
sequence lies either above lateritized crystallines
or above Neogene sediments.

Heavy mineralogical study of the borehole
cores retrieved from the Upper Kuttanad areas
reveals that the riverine sediments are dominated
by inosilicates (pyroxenes and amphiboles)
which is indicative of sediment inputs from
charnockitic source rocks in the hinterlands.
On the contrary the sand fraction separated
out from the lagoonal sediments is dominated
by opaques and sillimanites indicating sediment
source south of ASZ and brought up by littoral
currents. Radio-carbon dates of the lagoonal
sediments in KKW and southern Vembanad
lagoon (1670 = 70 yrs BP to 10,560 £ 90 yrs
BP) give Holocene age. The dating of lime shell
deposit (essentially composed of Villoritta sp.)
varies from 3130 £ 100 yrs BP to 4780 = 80
yrs BP. The bivalve Villoritta sp. thrives usually
in the freshwater end of an estuary. This clearly
indicates that freshwater from rivers reached
the southern Vembanad lagoon and the KKW
during the beginning of the late-Holocene.

The content of palynological and NPP elements
in the sediment archive shows records of heavy
rainfalland sea-level rise during the early—middle-
Holocene period. During pre-Holocene, the
KKW was an embayment boarded on the east
by lateritized hillocks. Further, the Achankovil,
Pamba and Manimala rivers were flowing
through the southern side of a topographic high
that acted as a divide between the river course
and the embayment. During the early—middle-
Holocene, the topographic high might have
eroded due to the continuous wave impinging
of the transgressive waters. Also, the sea-level
rise and subsequent build-up of a barrier spit
by the long shore drift have separated out the
landward part of the embayment into a lagoon.
The sedimentary record of the KIKW and the
adjoining coastal lands as well as the frequent
flood events to which the region is subjected
during every heavy monsoon period reveal that
the KIKW is not yet turned into a full-fledged
deltaic system, but a delta is in the making in the
Kuttanad region.
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This work was done in collaboration with S. 1V ishnu
Moban, Department of Geology, Sree Narayana
College, Chempazhanth; Ruta B. Limaye and K.P.N.
Kumaran of Palynolision, Mon Amour, Erandaane,
Pune, Maharashtra, India

https:/ [ doi.org/ 10.1016/B978-0-323-90085-
0.00026-7
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3.3.17 Holocene climate and sea-level
changes and their impact on ecology,
vegetation and landforms in South Kerala
Sedimentary Basin, India

The South Kerala Sedimentary Basin (SKSB)
is a curvilinear landward extension of the
offshore sedimentary basin (Kerala — Konkan
basin) in the coastal plain between Kollam and
Kodungallur (8°45' and 10°15'N latitude) in
the southwestern part of India. In the absence
of outcrops, stratigraphic information has
been derived from the subsurface sediments.
Holocene sedimentary sequences are clay-
dominated in the Vembanad lagoon and its
adjoining areas. The Holocene epoch witnessed
a rise in sea level from approximately 80.0 m
below the present position to 4.0-6.0 m above.
The rainfall varied from highly excessive (~2-3
times the current rate) to deficient. There have
been noticeable tectonic movements, which have
influenced the sedimentary environments to a
considerable extent. These three factors acting in
tandem have produced a complex combination
of situations affecting the ecology and shaping
the landforms. Most of the coastal landforms
have been developed or substantially modified
due to Holocene climate and sea-level changes.
Similarly, the drainage system has undergone
drastic modifications due to excessive rainfall
coupled with rising and fall of sea level. There
are pieces of evidence to prove that tectonic
movements too have influenced drainage
systems and landforms. The evergreen forests
were converted into wetlands, water bodies got
shrunken, aquifers and groundwater resources
were severely affected, and sensitive ecosystems
like the mangroves and the freshwater swamps
of Myristica are becoming relics as a result of the
changing scenario brought in by the hydrological
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processes and climate variability in the past 11 ka
years. Holocene events are also responsible for
generating mineral resources like beach placers,
tile-brick clays, and glass sand. The role of sandy
aquifers is worth mentioning as it is a significant
aspect of the environmental process. The sand
of the ridge—runnel system and various other
landforms supply water to lakhs of households
all over Kerala’s coastal areas. These aquifers are
recharged from the runnels, which are generally
underwater for most parts of the year. Given the
fast-declining areas under paddy cultivation, a
significant recharge source of the life-sustaining
aquifer is likely to face problems sooner than
later. A major part of the land, water, and mineral
resources are the gifts of Holocene events.

This work was done in collaboration with Ruta B.
Limaye and K.P.N. Kumaran of Palynol ision, Mon
Amour, Erandaane, Pune, Maharashtra, India

https:/ [ doi.org/ 10.1016/B978-0-323-90085-
0.00010-3

Padmalal D.

3.3.18 Holocene evolution of coastal
wetlands - A case study from Southern
Kerala, India

The state of Kerala in southwest India is a
geologically important narrow strip of land
located on the western flank of southern Western
Ghats. The region constitutes a part of the
Peninsular craton and is characterized by unique
physiographic, geologic, and geomorphologic
settings. The present investigation aims to
decode the evolution of coastal wetlands in
southern Kerala between Kazhakuttom and
Kaniyapuram, using textural, mineralogical, and
geochemical characteristics of two borehole
cores and surface sediment samples collected
from the coastal lands of the Kazhakuttom—
Kaniyapuram belt. The coastal wetlands of the
study area have been evolved due to Holocene
sea-level fluctuations. The heavy rainfall and
river discharges during the early—middle-
Holocene together with sea-level rise of ~6000
yrs BP might have aggravated deposition of
alluvial sediments at the river confluence of
Kulathur Thodu. Later, the lowering of sea
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level in the beginning of the Meghalayan time
might have exposed many elevated areas in
the form of ridges and runnels of the present
strandlines. The process of formation of the
Kadinamkulam lagoon dates back to middle—
late-Holocene period. The present geomorphic
configuration is the outcome of interplay of
late Quaternary climatic and sea-level changes,
especially during the later phases of the Last
Glacial Maximum. The geological evolution
of the area has been interpreted by collating
the information acquired from various sources,
such as, physiography of the coastal plain,
geologic correlation, and chronology with
adjacent dated borehole, sea-level changes,
and evidences from textural, mineralogical
and geochemical studies. The study explains
the origin and evolution of coastal wetlands
in the Kazhakuttom—Kaniyapuram belt and
provides an evolution model for the coast. The
most important coastal wetland in the area is
Kadinamkulam lagoon or locally known as
Kadinamkulam Kayal. The coastal wetlands in
the Kazhakuttom—Kaniyapuram belt has been
evolved and modified due to Holocene sea-
level fluctuations. The heavy rainfall and river
discharges during the early-middle- Holocene
together with sea-level rise of ~6000 yrs BP
might have aggravated deposition of alluvial
sediments at the river confluence of Kulathur
Thodu. Later, the lowering of sea level in the
middle- and late-Holocene might have exposed
many elevated areas in the form of ridges
and runnels of the present strandlines. The
process of formation of the Kadinamkulam
lagoon dates back to middle-late-Holocene.
The present geomorphic configuration is the
outcome of the interplay of late Quaternary
climatic and sea-level changes, especially during
the later phases of the LGM. The subsurface
sedimentary architecture, geomorphology of
the Kadinamkulam coast, and the chronology
of samples from southern to the northern part
indicate that the present-day lagoon has evolved
from an embayment of the Arabian Sea that
existed prior to the Holocene. Although the
process of lagoon development was initiated
by natural events of pre-Holocene, sea-
level and climate changes have transformed
it considerably into its present form during
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the Holocene. Sediment supply and sea-level
fluctuations have been the dominant factors
responsible for the development of various
geomorphic features along the coastal plains of
southern Kerala. The different units detected by
means of sedimentological and mineralogical
approaches and by SEM surface texture analysis
and X-ray fluorescence studies have been found
to be useful for developing a three-fold model
for the evolution of the wetland systems of the
study area during the Holocene. The presence
of a marine embayment and altitude of the
location almost near to the ambient sea level
facilitated the eatliest marine influence during
the early-Holocene. The subsequent formation
of sand barrier spits and beach ridges across the
pre-Holocene embayment paved the way for
development of the Pallipuram wetland and then
the Kadinamkulam lagoon. The Akathumuri
lagoon (kayal) and the beach bartier systems
might be the youngest wetland developed in the
region. The northward shift of the Pallipuram
wetland, the Kadinamkulam lagoon, and the
Akathumuri lagoon indicate the northward drift
of coastal sediments since early-Holocene.

This work was done in collaboration with S. 1 ishnu
Mobhan, Department of Geology, Sree Narayana College,
Chempazhanthy and K.P.N. Kumaran, Palynol ision,
Mon Amour, Erandaane, Pune, Mabarashtra, India

https:/ [ doi.org/ 10.1016/B978-0-323-90085-
0.00024-3

Apneesh M. S., Maya K., Padmalal D.

3.3.19 Dating techniques used in late
Quaternary Period

The continuous quest to understand the
past climatic, ecological and oceanographic
conditions led to the extensive developments
in dating techniques of Quaternary materials.
The Quaternary Period is the most recent and
shortest geological period that commenced
around 2.58 My ago and is characterized by
prominent climate instabilities. Unlike the other
natural archives that grows in specific zones, the
sediment remains ubiquitous and thus widely
used as a paleoclimatic archive to infer the past
climate and ecological conditions.
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The sediment accumulation over time in various
water bodies thus act as an imperative archive
whose deposition rates may vary depending
on its depositional environment and thus the
applicable radiometric dating technique can be
selected. The present study aims to provide an
overview of the selected radiometric dating
techniques frequently used in estimating the
age, sedimentation rates, exposure age and
denudation rates of the sediments depositing in
various environments. The radiometric dating
methods include cosmogenic radionuclides
such as radiocarbon (14C), beryllium-10 (10Be)
and Aluminium-26 (26Al) and lead-210 (210Pb)
supported by artificial radionuclides such as
Caesium-137 (137Cs). The frequent human
encroachment in natural systems instigated the
need to develop the dating technique that can
provide the sediment chronology for the last
few decades. Thus, the 210Pb dating technique
was explored and implemented while the 137Cs
acted as supporting evidence as it was the
artificially induced isotope incorporated in to the
atmosphere during the nuclear tests conducted
between 1952 to 1962. The pervasive presence
of carbon in sediments in the form of organic
and inorganic fraction and the uniformity in
14C atmospheric distribution promoted the
implications of 14C dating method. Further,
the transition from conventional spectroscopic
method (beta counting) to Accelerator Mass
Spectrometer (AMS) for the estimation
extended the 14C datable range from ~30000 yr
to a maximum of 40,000—60,000 yr. Moreover,
the introduction of the AMS also elevated the
need to address the exposure ages and erosion/
denudation rates promoting the applicability of
the 10Be and 26Al.

Despite the extensive application of these
dating techniques (210Pb, 137Cs, 14C, 10Be
and 20Al) they have their own limitations and
drawback. Such as the sediment mixing and/or
remobilization and sample from distal location
may lead to restricted applicability of 210Pb and
137Cs dating. While the 14C technique require
an improved temporal resolution for the 14C
calibration curve and a better understanding of
the marine reservoir ages to yield accurate and
reliable radiocarbon ages. Further, the utility of
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coupled zn-sitn 14C-10Be remains significantly
unexplored which can provide cues on the
chronologies to the complex surface exposures
for the late Quaternary period. Overall, it can
be suggested that the future of Quaternary
studies relies on improved dating precision and
accuracy with simultaneous developments in
the instrumental along with sample processing
and treatments.

This work was done in collaboration with Dr. VVineet
Goswami, Physical Research Laboratory, Gujarat,
India

https:/ [ doi.org/ 10.1016 /. jaesx.2022.100091
Upasana S. Baneryi, Kumar Batuk Joshi

3.4 Biogeochemistry Group

3.4.1 Hydrogeochemistry of the Indian
thermal springs: Current status

The thermal springs in India are classified
into four groups based on the geotectonic
framework, and are: (a) Orogenic belt, (b) Areas
of deep-seated faults and lineaments, (c) Rifts
and grabens of Gondwana basin and (d) Deep
sedimentary basin. Detailed investigations
over the last few decades culminated in the
development of a vast geochemical database
for thermal springs and associated gaseous
phases, which are now available online since
the late 1960s. After a careful evaluation of
their quality and reliability, these data have been
used in this study. Thermal springs near the
coast of western India have a high Cl content
relative to Na, indicating that they have been
influenced by seawater. Most thermal springs in
the northern territory have high HCO, and low
Cl, suggesting that they have mixed with HCO,
rich near-surface water. Due to their emergence
from the Precambrian crystallines, most thermal
springs in the central and eastern part of India
(Fig. 3.4.1.1) are distributed within the Na-
Cl and Na-CI-HCO, type facies with low SO,
content. Different geochemical thermometers
such as silica, cation thermometers, and a
combination of silica K-Mg systems were used
to estimate reservoir temperatures, resulting
in a temperature range of roughly 60-140" C.
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Because of the lack of equilibrium, the values
of reservoir temperatures between 200°C and
300°C obtained using Na-K geo-thermometers
may not be reliable. Generally, the reservoir
temperatures for thermal springs in India’s
northern and eastern parts are higher than
that of southern and western regions. The
chemistry of the associated gaseous discharges
is dominated by atmospheric components.
The exceptions are thermal springs from the
Orogenic belt of Himalaya that are enriched
with CO, possibly sourced from metamorphic
decarbonation. The *He/*He isotopic ratio in
the gaseous discharge across all the groups and
subgroups pre- dominantly bears signatures
of crustal origin. Stable isotopic signatures
strongly suggest that local meteoric waters
predominantly recharge these hydrothermal
systems. In contrast, a discernible positive
oxygen-isotopic shift in thermal waters indicates
the existence of high enthalpy reservoirs in the
NW Himalayan region. With the exception of a
few springs, long circulation time (>50 years) of
meteoric waters within the conduit is indicated
by low tritium values in the thermal waters.

Fig. 3.4.1.1: Piper diagram showing plots of the thermal
springs and non-thermal waters from the different

geothermal provinces in India.

https:/ | doi.org/ 10.1016/ j.earsciren.2021.103890

Prasenjit Das, Maya K., Padmalal D.
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3.4.2 Mechanisms controlling the dissolved
load, chemical weathering and CO,
consumption rates of Cauvery River, South
India: Role of secondary soil minerals

Dissolved solutes in river waters are acquired
by various natural and anthropogenic sources
as a result of diverse biogeochemical processes.
Hydrochemical assessment of the Cauvery River
Basin (CRB),aneastflowing Western Ghats (WG)
river is carried out to understand the dissolved
load sources and controlling mechanisms along
with quantification of source-wise input to
the dissolved load. Silicate weathering rates
(SWR) and associated CO, consumption rates
(CCR) are evaluated on account of silicate
basement of CRB comprising of granulites
and supracrustal rocks. The source-wise solute
load contributions estimated using the chemical
mass balance model signify that 68% of total
load is from chemical weathering followed by
18.5% and 13.5% from anthropogenic and
atmospheric inputs respectively, implying that
chemical weathering is the major solute load
controlling mechanism for CRB. The intensity
of silicate chemical weathering occurring in the
CRB is measured by index (Re) and found to
be > 3, suggesting an incomplete weathering
of drainage rocks (primary minerals) resulting
in formation of soils comprising of secondary
minerals including oxides, alumino-silicates
and clay minerals (smectite, kaolinite and
montmorillonite). Detailed understanding of
chemical weathering mechanisms is carried
out using Ca/Na and Mg/Na elemental ratios
of different end-members including primary
minerals from rocks and secondary minerals
from soils. The Na-normalized mixing diagram
(Fig. 3.4.2.1) reveals that chemical weathering of
secondary minerals is dominating and the solute
load contribution to the total dissolved load is
significantly higher from secondary minerals
(35.5%) than primary minerals (23.5%). The
SWR and associated CCR are estimated to be 13
tkm?y"and 3.3 X 10° mole.km™.y" respectively
at outlet (Musiri) of the CRB. Results also
indicate that SWR of the east flowing WG river,
Cauvery are several times (~4) lower than the
average SWR of west flowing WG rivers even
though the associated CCR are comparable for
both river systems.
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Fig. 3.4.2.1: End-member mixing diagram for ‘3’ different
end-members in terms of Ca/Na and Mg/Na ratios for
CRB; primary silicate minerals from rocks, secondary
silicate minerals in soils and sparsely available carbonate
minerals, describing a mixing trend between primary
minerals and secondary minerals for CRB water samples.
*HAL, SAL and DH refer to soil samples from Halgur,

Salem and Dharmaputi respectively.
https:/ | doi.org/ 10.1007/ s12665-022-10222-1

Upendra B., Anoop Krishnan K., Ciba M., Aiswarya
A., Vinu Dev 1., Sreenivasuln G.

3.4.3 Identification of groundwater potential
zones in southern India using geospatial
and decision-making approaches

Groundwater is the important resources for
industries, communities, and irrigation purposes
in the world. For water resource investigation,
the conventional geophysical techniques and
boring soil tests are costly and time-consuming,
Now, complex groundwater studies are being
made easier using the RS and GIS applications,
and comes out with more success in the
delineation of Ground Water Potential (GWP).
The present study was carried out to identify
of the groundwater potential zones (GWPZ)
in the northern part of the Anantapur district
of Andhra Pradesh State, India using Remote
Sensing (RS), Geographical information system
(GIS), and Analytical Hierarchy Process (AHP)
approaches. In this study, various thematic
maps categorized viz. geomorphology (GM),
lineament density (LD), drainage density (DD),
geology, land use/land cover (LULC), soils,
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slope, and rainfall for assessment of GWPZs,
which is generated using RS and GIS technique.
Furthermore, the relative weights were
allocated to various thematic maps using the
AHP approach and the relative rank assigned
to each sub-criterion based on expert advice.
The combination of the eight thematic layers
in ArcGIS resulted in a groundwater potential
map, providing the information about very good
2.45% (87.06 km?), good 12.76 (452.56 km?),
moderate 63.47% (2250.75 km?), poor 15.99%
(567.16 km?), and very poor 5.32% (188.73
km?) groundwater possible zones. The acquired
outcomes were validated with the area under
the curve (AUC/ROC) method. The results
show that there is a strong positive correlation
between the GWPZs with 78% validation high
performance and decreases to the low yield
potential with poor areas. This study concludes
that the AHP model will be a more reliable for
the assessment of the GWP.

This work was done in collaboration with M. Rajasekhar
and G. Sudarsana Raju of Department of Geology,
Yogi Vemana University and Anand of Guru Gobind
Singh Indraprastha University.

https:/ [ doi.org/ 10.1007/513201-022-01603-9
Upendra B.

3.44 Assessment of land degradation
vulnerability in Kasaragod, Kerala (humid
tropics) and Virudhunagar, Tamil Nadu
(sub-tropics) regions of Southern India

National Centre for Earth Science Studies
(NCESS) signed an MOU with ISRO-SAC,
Ahmedabad for National Network Project
entitled “Desertification and Land Degradation:
Monitoring, Vulnerability Assessment and
Combating Plans 2018 — 2021 using integrated
remote sensing and GIS techniques. The land
degradation status for two districts in Kerala
and Tamil Nadu was investigated as part of
this study. The GIS-based DVI (Desertification
Vulnerability Index) model has been used
for mapping and assessment of potential
vulnerability to desertification and land
degradation in the two sites prevailing different
climatic conditions, namely Kasaragod district
in Kerala (humid tropics) and Virudhunagar
district in Tamil Nadu (sub-tropics). The
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Fig. 3.44.1: Land degradation vulnerable zones of
Kasaragod district (A) in Kerala and Virudhunagar district
(B) in Tamil Nadu generated using GIS based LDI model.

DVI model is executed multivariate statistical
indices, namely Climate Index (CI), Soil Index
(SI), Vegetation Index (VI), Land Use Index
(LUI), and Socio-Economic Index (SEI).
These multivariate indices are estimated using
multiple geo-environmental and demographical
parameters like land use/ land cover (LULC),
rainfall, soil properties, topography (slope),
geomorphic landforms, geological settings,
climatic factors. The result shows that the
Kasaragod district in Kerala is not identified
with a higher category of desertification
vulnerability, and 8.3% of the total area has
no significant exposure. The areal extend of
91.4% has been found under lower vulnerability
conditions, and 0.23% of the area under
moderate susceptibility to land degradation in
the site-specific areas namely, Kodakkad, Timiri,
Kilalode, Pullur, Panayal, Pallikere, and Bare due
to human-induced activities like deforestation,
and LULC changes. The sub-tropical
Virudhunagar district in Tamil Nadu shows
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that 1.4% of the total area has not fall under
land degradation; however, 65.4% of the area
falls under low vulnerability and 33.2% under
the moderately vulnerable zone. The spatially
estimated area of 1428 km? (33.2%) is found
with moderate vulnerability to desertification.
Land degradation is affected in various parts
of the district includes Vembakottai, Panaikudi,
Narikudi, Sivakasi, Virudhunagar urban
proximity, and Aruppukottai, due to severe soil
erosion and increasing soil salinity conditions.
About 65.5 % of the area is noticed as low
vulnerability to land degradation; however, the
land resources of the various sites are gradually
undergoing degradation status due to both
natural and anthropogenic activities that causing
adverse impacts to environmental ecosystems.

This work was done in collaboration with SAC-ISRO,
Abmadabad.

https:/ [ vedas.sac.gov.in/ static/ atlas/ dsm/ DI.D_
Atlas_SAC_2021.pdf

Kaliraj S., K. K. Ramachandran, Arun R. Nath, [yoti
Joseph

3.4.5 Groundwater hydrochemical
characteristics and saltwater intrusion in

Cauvery deltaic fluvial plains of Southern
India

The deltaic fluvial deposits cover the River
Cauvery lower basin located in the Thiruvarur
district of Tamil Nadu, India. The majority
of agricultural lands are irrigated from river,
canal, and groundwater (GW) sources. 50
bore well samples were collected and analysed
using APHA (2012) standard protocols. Fig.
3.4.5.1 shows the spatial distribution of GW
properties. In many places, the GW sources are
found with suitability for drinking and irrigation
purposes except in a few sites that are noted at
higher Na" and CI content due to the mixing of
salt contents from fertilizers and fluvio-marine
interactions. GW samples in many sites were
estimated with a pH value of 6.9 to 8.2 which
indicates marginally alkaline conditions. GW
samples were estimated EC (375 - 2290 uS/
cm) and TDS (120 - 1700 meq/L) respectively.
Based on this, GW sources are classified as type
I (EC < 1500 uS/cm) and type 11 (EC 1500 —
3000 uS/cm). Cation properties are estimated
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Fig. 3.4.5.1: Spatial distribution of groundwater
hydrochemical properties in deltaic fluvial deposits of
the River Cauvery lower basin; pH (A); EC (B), TDS (C),
Sodium (D), Chloride (E), Bicarbonate (F).

as Ca® (0.60 - 2.97 meq/L); Mg*" (0.40 - 5.96
meq/L); K* (0.03 - 0.82 meq/L) and Na** (1.39
- 15.02 meq/L); whereas the Ca** and K* found
within desirable limit of drinking water quality,
but samples 5 and 9 with excess of Mg”" and
Na**, and their observed values are 75 mg/L and
30 mg/L respectively. Anion properties wete
estimated as CI" (3.20 - 25.6 meq/L), CO,’ (0.5
- 3.02 meq/L), HCO, (0.46 - 5.92 meq/L) and
SO,” (0.10 - 2.34 meq/L). The CI" was found at
a higher concentration in 20 samples compared
to the permissible limit of WHO (World
Health Organization), similarly, the higher
Na** was noted in many samples that affected
soil hydraulic properties and nutrients. Fig,
3.4.5.2A shows the HFE (hydro-chemical facies
evolution) diagram denoting the dynamics of
freshwater-saltwater mixing due to the seepage
flow. About 38% of samples were observed in
the mixing zone towards path (III). Among the
62% of samples experienced saltwater intrusion
by increasing of Na-Cl facies and mixed Na-
Cl facies. Gibbs plot (Fig. 3.4.5.2B) shows the
rock weathering and evaporation factors are
controlling GW quality and the plot reveals
many GW samples fall under the evaporation
and rock-water dominance region. Piper
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diagram (Fig. 3.4.5.2C) shows GW facies the
40% of sequences at Na** — CI'— HCO, and
the 23% at Na** — Mg** — CI' — HCO,, and
mostly mixed with residual carbonate in many
samples. Fig. 3.4.5.2D shows the scatter plot
indicating the GW ionic relationship. The Na**/
Cl ratio remains constant against the increase
of EC except for a few samples; About 81%
of samples were noted at higher CI' compared
to Na’" due to base exchange activities. The
relation of Ca** + Mg®* and SO,*” + HCO,)
shows the regression line ata 1:1 ratio due to ion
exchange of SO~ + HCO,, and this indicates
the dissolution of silicate minerals in many GW
samples. Moreover, the GW samples in some
lowlands show the relation of CI" + SO,*", and
Na** + K" and they are dominated by chloride
and sulphate contents due to base exchange
from agricultural return flow, i.e., fertilizer used
for agricultural activities.

Fig. 3.4.5.2: Hydro-geochemical indices of GW properties:
A) HFE diagram of freshwater - saltwater mixing
interface; B) Gibbs plot for cations and anions relations;
C) Piper diagram of GW major ionic compositions; D)
Scatter diagram of GW ionic relationship.

This work was done in collaboration with Lalitha M.,
Dharumarajan S., Kalaiselyi B., Shivanand K., Koyal
A., Hegde R. of National Bureau of Soil Survey and
Land Use Planning.

https:/ | doi.org/ 10.1007/ s11356-021-13467-8

Kaliraj §.
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3.4.6 Identification of groundwater potential
zones in Karumeniyar river basin (semi-arid
region) of Southern India

The Karumeniyar basin is a non-perennial and
semi-arid landscape located in southeastern part
of Tamil Nadu state, India. The basin covers
the total area of 976 km? with the length of 56.5
km, found with dry-land agricultural activities
and rural settlements. Groundwater is a major
resource drinking and irrigation activities, but
from past two decades, groundwater table is
drastically decreasing due to both natural and
anthropogenic activities. GIS based Analytical
Hierarchy Process (AHP) modelling of multiple
geo-environmental parameters for mapping
GW potential zone is carried out for sustainable
livelthood management. GW potential map
is demarcated the 10.7% of area only exhibits
higher GW potential zone; whereas, the 26.8%
of area indicates good GW potential mainly
around the streams and paleochannels. About
33.6% of area is noted at moderately GW
potential, whereas, the GW table are getting
recharged from monsoonal rainfall. The 28.9%
of area fall under lower GW potential resulting
of lower recharge by sub-surface settings of
geological formations. In-sitn geophysical survey
of Vertical Electrical Sounding (VES) and
groundwater yield data are cross-verified for the
preparation of GW potential map and itindicates
the higher GW potential in aquifers underlying
unconfined and semi-confined formations.
Whereas, the sedimentary formations found
at higher porosity that leads good permeability
compares to hard rock formations. Moreover,
these formations consist of fault, lineaments
support to greatly increasing of GW flow in and
around the sub-surface even under the confined
aquifers of crystalline rock formations. Vertical
Electrical Sounding (VES) and groundwater
potentiality indicates the relation of sub-
surface settings and groundwater table based
on its geophysical characteristics. Fig. 3.4.6.1B
shows the VES curve of various locations that
indicates that the curves of VES 1, VES2, VES
3, VES 4 are noted as low resistivity and high
thickness of weathered and fracture zone in the
second layer which revealed the occurrence of
good GW potential zones. The ’A’ type VES
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curve indicates the occurrence of typical hard
rock formation; whereas the resistivity increase
towards deeper formation with depth (A-type
curve) that indicates the very poor groundwater
potential zones. However, the curves of VES
5, VES 6 are noted at dominated A-type curve
that indicates the poor GW potential in the
area. GW 1is cross-validated using CGWB -
groundwater yield data of 14 wells, and it shows
the higher GW yield rate is strongly correlated
with higher GW potential zones. Within the
basin, the higher GW potential found mainly
in unconfined and weathered semi-confined
aquifers of sedimentary formations than the
other hard rock formations. However, in the
alluvium deposits found along the riverbanks,
higher groundwater yield was observed due
to recharging of river flow and runoff. This
study provides a primary database for plaining
rainwater harvesting at suitable sites and very
much helpful for watershed management in
semi-arid region.

Fig. 3.4.6.1: Groundwater Potential Zone in Karumeniyar
river basin (semi-arid region) of Southern India generated

using GIS based AHP model.

This work was done in collaboration with Arunbose
S., Srinivas Y., Rajkumar S., Nithya C. Nair of
Manonmaniam Sundaranar University.

bitps:] | doi.org) 10.1016//.g5d.2021.100586
Kaliraj S.
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3.4.7 Effect of trace metal contamination
in sediments on the bioaccumulation of
bivalve Meretrix meretrix

A quinquennial seasonal study (2015-2019) has
been conducted to evaluate the bioaccumulation
pattern of trace metals in Meretrixc meretrix.
The concentration of trace metals in the clam
was observed as Cr > Cu > Ni > Zn > Pb >
Cd > Hg, (Body> Mantle > Gills), similar to
sediments. Contamination Factor of Cu and Cr
in sediments showed strong association with the
corresponding metal concentration in the body (r
=0.687, r = 0.962), mantle (r = 0.880, r = 0.950)
and gills (r = 0.937, r = 0.8063). Bioconcentration
Factor was high for Cr followed by Ni. Mean
Metal Concentration Rate (MMCR) of Cr was
high and Hg was low (Body>Mantle>Gills).
The study establishes that the trace metal intake
by Meretrixc meretrix 1s associated with seasonal
variation, physicochemical factors, sediment
texture, chemical speciation and the metabolic
stress created within the species induced
from increased demand for protein synthesis.
The latter resulted in the augmented rate of
accumulation of Cu and Cr.

https:/ [ doi.org/ 10.1016/ j.marpolbul.2022.113422
Ratheesh Kumar M., Anoop Krishnan K., 1 imexen 1.

3.4.8 An environmental green approach for
the effective removal of malachite green
from estuarine waters using Pistacia Vera L.
shell based active carbon

The study aims in developing strategies for
containing dye pollution in water resources,
which is a global threat in the current industrial
era. The development of ecofriendly and cost-
effective materials in dye removal processes are
not yet fully explored. Thus, the present work
describes the green approach in developing
and applying activated carbon prepared from
pistachio shell (PisAC) for the removal of
malachite green (MG), a cationic dye, from
wastewaters. The surface characteristics and
properties of the adsorbent were studied
using Fourier-transform infrared spectroscopy,
Scanning  electron  microscopy,  X-ray
diffraction, Elemental analysis and Nitrogen
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adsorption-desorption. The effect of influential
experimental parameters such as pH, initial dye
concentration, temperature and ionic strength
were carried out in batch mode for investigating
the conditions apt for maximum removal of
cationic dye pollutant. The optimum solution
pH for the dye removal was found to be at 7.0.
The adsorption process reached equilibrium
in 30 min with a maximum removal of 96.7
% of MG from aqueous solution for an initial
concentration of 75 mg/L. Pseudo-second-
order kinetics was found to be the best fitted
model to explain the kinetics of the adsorption.
The maximum adsorption capacity obtained
from Langmuir isotherm model was 76.92 mg/g.
Thermodynamic studies revealed the adsorption
of MG onto PisAC was spontaneous and
endothermic. The reusability studies of spent
adsorbent were also performed. The application
of the adsorbent was carried out successfully in
removing MG from estuarine water samples
and found that 4.0 g/L of PisAC was sufficient
for almost 99.9 % removal of MG.

@ (b)

Fig. 3.4.8.1: SEM images of PisAC (a) before adsorption
(b) after adsorption.

The adsorptive nature of activated carbon
prepared from the shells of pistachio (PisAC)
was found very fruitful for the effective removal
of MG from aqueous solution. The synthetic
route involved in the preparation of PisAC was
environmentally friendly in nature. The surface
morphology, functional group availability and
crystallographic information of the precursor
was confirmed from SEM, FTIR and XRD. The
adsorption phenomenon was pH dependent
at an optimum pH of 7.0 and the adsorption
reached equilibrium within 30 min. The
adsorption capacity increased with increased
in temperature, indicating endothermic nature
of the adsorption. The adsorption kinetics
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well fitted to pseudo-second-order kinetics and
the adsorption isotherm well described using
Langmuir isotherm model. The values obtained
from Gibbs free energy and standard enthalpy
depicted the spontaneous and endothermic
nature of adsorption. The regeneration studies
showed the potential ability of the adsorbent
to adsorb more than 80 % MG even after 4
cycles. Finally, the activated carbon from the
natural adsorbent were successfully applied
on to estuarine water samples for the targeted
removal of malachite green.

https:/ [ doi.org/ 10.1007/ s40899-022-00612-5

Harsha Mahadevan, Nimina P. V. M., Anoop
Krishnan K.

3.5 Marine Geoscience Group

3.5.1 Nearshore wave analysis from coastal
video monitoring techniques at high energy
micro tidal beach under sunlight dominance
conditions: A case study from Valiathura
beach in southwest coast of India

Video based remote sensing methods for
continuous monitoring are advantageous due
to its low risk and cost-effective features and
ability to provide data during extreme events.
In this connection, National Centre for Earth
Science Studies (NCESS) has initiated a pilot
project for continuous coastal monitoring,
adopting the video-based monitoring method
in India through an indigenous Video Beach
Monitoring System (VBMS). The fist VBMS
station, was installed at Valiathura, a typical
high energy beach in SW coast of India and
the software tools for deriving coastal morpho-
hydro dynamic characteristics from video
imagery are being developed. As part of this,
attempts have been made to modify the open-
source tools available for adapting to the Indian
coastal conditions. The open-source toolbox
ULISES was found to be suitable for planview
generation, especially when the camera stations
installed at lower heights. One of the defects
observed in the earlier stages of development
of the Indian system was the errors introduced
due to the variations in sunlight intensity. This
has been overcome with the introduction of
a new modulated transfer function (MTF)
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designed through Thomson’s multi tapered
method. With the use of the new MTF, non-
linearities, the spectral noise introduced from
sunlight variations and other local contaminants
could be reduced to an acceptable level. The
transformed intensity spectra (Fig. 3.5.1.1) are

Fig. 3.5.1.1: Power Spectra computations at one hour
interval on 10/04/2017.

showing a reasonably good agreement with the
in-sitn measurements by giving a correlation
of more than 90% throughout the day. The
corresponding RMSD values obtained also were
low. While estimating the wave parameters (Fig.
3.5.1.2) it was observed that once long-term

Fig. 3.5.1.2: Validation of video derived parameters: (a)
Beach width and (b) Surfzone width.
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variations are taken into consideration, mean
bias and RMS error are within the permissible
limit. Based on this study, it is found that the use
of multi-tapered methods in transfer function
estimation can significantly reduce the noise and
local influences in the estimation of nearshore
wave parameters from video images.

https:/ [ doi.org/ 10.1016/j.rsma.2022.102205

Ramesh M., Sheela Nair 1., Anoop T. R., Prakash
T. N.

3.5.2 Reconstruction of the
paleoenvironment of the Late Quaternary
sediments of the Kerala coast, SW India

Recurrent sea-level changes are reflected in the
formation of coastal landforms; estuary, lakes,
lagoons and barrier beaches during the late
Quaternary period along the Kerala coast, SW
India. The sediment core from these landforms
was addressed for sediment lithofacies,
geochemical  parameters and  associated
foraminiferal assemblages to reconstruct the
late Quaternary environment. The textural
characteristics of the sediment (Fig 3.5.2.1)
indicate a shallow marine to lagoon and
swampy/matsh environment. A layer of coarse
sandy sediment (7-9 m thickness) is overlying
the late Pleistocene (40 Kyrs BP) sediment
sequence. The sediment was deposited under
violent to the calm environment attributing
its deposition in diverse energy regimes. This
is also corroborated with the micro-textures
of quartz grains. The geochemical elemental
relationship (Rb vs KO, Ni vs TiO,, KO/
Na O vs SiO,/AlLO,, discriminant function) is
established with paleoweathering, provenance
and tectonic setting, An abundant population
of Ammonia beccarii, A. tepida, E. discoidale, N.
scaphum. A. beccarii in the sediments reveals
their high tolerance and adaptability to the
changing environment. The multiproxy studies
on sediments, support a stronger monsoon
in the early Holocene leading to the incursion
of high-water levels, increased flow discharge
and bottom scouring but, there was a weak
monsoon and arid climate prevailed during the
Last Glacial Maximum (LGM). A conceptual
model (Fig. 3.5.2.2) is also proposed to depict
the shoreline evolution and its climate.
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Fig. 3.5.2.1. Litho-log variations in the coastal plain,
estuary and offshore region of the sediment cores.

Fig. 3.5.2.2: A conceptual model showing the evolution
of Kerala coast during the late Quaternary period.

This work was done in collaboration with Nagendra R.
of Department of Geology, Anna University.

https:/ [ doi.org/ 10.1016/j.jseaes.2021.104952

Tiju 1. Varghese, Prakash T. IN., Sheela Nair L.,
Sreenivasuln G.

3.5.3 Palaeoredox reconstruction in the
eastern Arabian Sea since the late Miocene

Investigation on oxygenation history of
the northeastern Arabian Sea since the late
Miocene was carried out using redox sensitive
clemental and metal stable isotopic signatures
in the deep-sea sediments. For this study, the
sediment core samples collected at Site U1457
(67°55.80" E, 17°9.95' N, water depth 3534 m)
of Laxmi Basin in the northeastern Arabian
Sea during the International Ocean Discovery
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Program (IODP) Expedition 355 were analyzed
for a suite of elemental Mo, W, U, V, Ba, Cd
and P) as well as stable molybdenum (Mo)
isotope (8”¥”Mo relative to NIST SRM 3134
lot No. 130418) and stable tungsten (W) isotope
(8"8/18%Y/ relative to NIST SRM 3163 lot No.
080331) compositions. Sedimentary &%/Mo
values (-0.70%o0 to +1.18%0) at IODP Site
U1457 in the northeastern Arabian Sea indicated
partial authigenic Mo component. Sedimentary
S8V values (-0.02%0 to +0.21%0) were in
the range similar to that of lithogenous material
suggesting dominance of detrital composition.
The study revealed that the water column in the
northeastern Arabian Sea was oxic during the
late Miocene and Pliocene while oxic to suboxic
condition prevailed during the Pleistocene. The
study also explored that under oxic to suboxic
condition with limited particle shuttling,
the W isotopes did not undergo significant
fractionation, and their isotope ratios reflect the
detrital source signature. This work reported the
first results on isotopic compositions of Mo and
W in sediments of the northeastern Arabian
Sea since the late Miocene to investigate the
palacoredox conditions on a million-year time
scale.

This work was done in collaboration with Alam M.,
Gurumurthy G. P. from Birbal Sabni Institute of
Palaceosciences; Sobrin Y., Tsujisaka M., Takano S. of
Institute for Chemical Research, Kyoto University; and
Singh A. D., Verma K. of Department of Geology,
Banaras Hindn Unipersity.

https:/ [ doi.org/ 10.1016/}.palaec.2021.110790
Tripti M.

3.5.4 Salinity and temperature profiling
for the submarine groundwater discharge
simulations: Quantification through heat
and solute transport model

Interaction between two hydrological masses, i.e.,
seawater and groundwater, manifests as seawater
intrusion (SWI) or submarine groundwater
discharge (SGD) in the coastal regions. SGD
has been recognised as a potential pathway
that introduces solutes/contaminants from the
land to the sea. Developed coastal regions are
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the hotspots for contaminated groundwater
discharge, affecting sensitive marine ecosystems.
A study has been conducted to identify SGD
locations and quantify the contaminant load
reaching to the western coast of India (Gujarat
coast, Fig. 3.5.4.1) using stable isotopes, seepage

Fig. 3.5.4.1: Sampling locations in study area and
geological setup and salinity gradient at seven potential
SGD locations (a-g).

meter, heat and solute transport model. In the
heat mixing model, temperature is used as a
physical tracer to simulate porewater velocity in
a vertical direction by employing the 1-D heat
conduction-advection equation (Fig. 3.5.4.2).
Additionally, to understand the process of SGD
through the lens of solute transport, a 1-D
advection-dispersion model was used for the
quantification of hydrological flux using salinity
as a tracet. The estimated SGD flux across the
coast ranged between 1.04 and 181.1 m’.year”
using seepage meter. Simulated flux using heat
transport model and solute transport model
varies from 0 to 774.7 m’.m?year'. SGD flux
reported in the Gujarat coast was relatively
lower than the fluxes reported in the Bay of
Bengal, Western Bengal basin, South coast of
India and Mumbai Harbour coast of Western
India. In contrast, it was comparable to flux
reported in the South-East coast of India. It
was observed that the coastal aquifers are highly
entriched in trace metals due to various active
natural processes and anthropogenic activities
across the coast. Terrestrial and tecirculated
SGD was a significant contributor to flow and
metal load, which ranged from 1.04 to 181.1
m’. year™' and 0-77.41 kg. year', respectively.
The highest estimated SGD in the Gujarat
coast was relatively less than the SGD reported
in the Bay of Bengal and comparable to the
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South Chennai coast. Higher micronutrients
(Fe and Zn) load in the southern coast leads to
increased vulnerability of eutrophication, algal
blooms and biotic ligand formation in aquatic
species. This enrichment of micronutrients in
the coastal ecosystem was evident by the growth
of seaweeds on the seabed at SGD identified
locations.

Fig. 3.5.4.2: Schematic diagram of the relationship between
fresh/terrestrial SGD (F-SGD) and recirculated SGD
(R-SGD) with variations in porewater (a) temperature
and (b) salinity variation along the depth of the seabed.
(Vz - vertical porewater velocity which is a function of
depth (z), temperature (T), thermal conductivity and heat

capacity of porewater and sediments).

Chandrashekhar Bhagat, Anant Misra, Pranab
Kumar Mobapatra of Indian Institute of Technology,
Gandbinagar; and Manish Kumar of University of
Petroleum & Energy Studies, Debradun.

http:/ | dx.doi.org/ 10.1016 /j.scitotenv.2021.151888
Suresh Babu D. .

3.5.5 Numerical modelling of submarine
groundwater discharge in the coastal
catchments of SW India

Quantification of SGD across coastal
catchments will help in the better management
of water resources and enhancement of coastal
productivity. Owing to spatial and temporal
variations and complexities in the factors
affecting SGD, it is often difficult to quantify
and estimate SGD. Various terrestrial and marine
factors affect spatial and temporal variations
in SGD. Along with the discharge of fresh
groundwaterinto the coastal system (fresh SGD),
the recirculated seawater (recirculated SGD)
also forms an integral part of SGD. Researchers
have utilized different tracers, piezometers, water
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balance calculations, and numerical modeling to
evaluate SGD. Numerical modelling approach
has been employed in two costal catchments
with different geomorphological characteristics
on the southwest coast of India to quantify the
fresh SGD fluxes in these aquifers. Two coastal
catchments of Thiruvananthapuram district,
Kerala, India namely Varkala (184 km? and
Kadinamkulam (186 km?), have been selected
to compute SGD. The catchments are bounded
by the Arabian Sea on the west and subtropical
terrain in the other directions. The area enjoys
a tropical humid climate with average annual
precipitation that ranges from 1800 to 2000
mm. Finite element modeling approach using
Groundwater Modeling Software (GMS) by
Aquaveo has been utilized to estimate the SGD
flux over the catchments (Fig. 3.5.5.1). A specific

Fig. 3.5.5.1: (a) Varkala Catchment model, (b) Simulated
total head and (c) the velocity of flow across the
catchment and (d) Active SGD zones identified in the
catchment.

head boundary condition is administered to
the coastline boundary while other boundaries
were modeled as zero flux boundaries. The
bottom of the aquifer system was assumed
to be impermeable to flow. Any flow across
this boundary should be negligible due to the
thick Khondalite regional confining unit at the
base. The results of the study confirmed that
the SGD flux from the catchments differs in
a great way across its multiple layers as well as
in comparison to one another. The fresh SGD
flux from Varkala catchment is found to be 0.1
m’/day/m and from Kadinamkulam catchment
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is 6 m’/m/day. The cliff formations in the
Varkala catchment are found to have influenced
the SGD pathways in the catchment. It was
observed that the SGD flux is heavily influenced
by the geology, coastal geomorphology, land
use, and topography of the location. The study
showed that numerical modelling approaches
can yield reliable estimates of SGD with low
computational cost and time and is a potent
method for quantifying SGD.

https:/ [ doi.org/ 10.1016/}j.rsma.2021.10196 3

Poornima U., Rei Srinivas, Murugan R., Suresh
Babu D. S.

3.6 Atmospheric Science Group

3.6.1 Assessment of PM2.5 using satellite
lidar observations: Effect of bio-mass
burning emissions over India

Regional aerosol loading over India is alarmingly
increasing, poising concern due to its potential
impacts on changing regional climate and
human health. Wintertime pollution over
India has been associated with adverse weather
conditions such as extreme haze and fog events
over the Indo-Gangetic Plain (IGP). The
present study estimates particulate matter of
diameter less than 2.5 um (PM2.5) over India,
during the winter season, using near-surface
observations of the space-borne lidar, Cloud-
Aerosol Lidar with Orthogonal Polarization
(CALIOP) during the last fifteen years (2007—
2021) which assumes importance in the context
of degrading air quality over India and potential
health risks in the future.

Fig. 3.6.1.1: a) The anomaly of average PM2.5
concentration near to surface during winter (December—
February) of 2007 to 2021 over the study regions shown
in the insets. The red dotted lines represent the fitted

NCESS Annual Report 2021-22

linear regression curve. The year corresponds to the
January and February months of the season, and b)
Spatial distribution of PM2.5 mass concentration at 1°
X 1° gtid resolution during the winter season (December
to February) of 2007-2021. Dotted lines represent the
regions under study.

The present study uses a bulk-mass-modelling
method to retrieve surface-level PM2.5 over the
Indian region using, near-surface retrievals of
aerosol extinction coefficient, mass scattering
efficiency, and mass absorption efficiency
estimated using Mie calculations based on
reanalysis-based aerosol composition, and
satellite-based relative humidity observations
to account for hygroscopic growth of the
pollutants. An intercomparison analysis of
collocated observations of CALIOP-derived
PM2.5 and #n-situ measurements over stations
under the Central Board of Pollution Control
shows a correlation with each other with an R2
of 0.42, a slope of 0.76, and a root mean square
3

error of 51.4 ugm™.

Climatology of wintertime PM2.5 during the
last 15 years shows the highest concentration
over the middle IGP and northwest India with
a 3-to-4-fold increase in magnitude compared
to peninsular India. Over most parts of India
except the southern part of the peninsula,
PM2.5 concentrations exceed 40 pgm™ as
recommended by the National Ambient Air
Quality Standards. Surface-level PM2.5 mass
concentration  during winter  (December
to February) shows statistically significant
positive trends over the Indian subcontinent.
It increases at a rate of~3%over the IGP and
arid regions of northwest India, and~4% over
peninsular India during the last fifteen years
(2006-2020), which assumes significance in
the context of deteriorating air quality and
increasing occurrences of winter fog events
over India. Large-scale agricultural crop-residue
burning activities over the western part of IGP
(Punjab and Haryana) during the post-monsoon
season emit a large number of aerosols into the
atmosphere and have been linked with air quality
over the IGP during the following winter. The
present study establishes a statistically significant
correlation (95% confidence) between fire
activity during November with wintertime
PM2.5 concentration near the surface on the
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interannual scale. To compare the relative role
of wintertime meteorology with anthropogenic
fire activity in enhancing the air pollution over
the study regions, linear regression analysis
is carried out between wintertime PM2.5
concentrations with different meteorological
parameters over the study regions. It showed
that PM2.5 in winter is controlled by variability
in agro-residue burning emission strength rather
than meteorological conditions. Interannual
variability of agro-residue burning over western
IGP (Punjab and Haryana) shows a statistically
significant correlation with wintertime AOD
over IGP, northwestern part of India, and the
eastern part of peninsular India, indicating
the role of synoptic winds in dispersing the
pollutants over large distances throughout the
sub-continent Even though most of the studies
on the role of post-harvest agro-residue-
burning focus on the downwind regions over
the IGP, our analysis shows that the influence
of these pollutants extends up to peninsular
India through long-range transport and can
contribute to continental pollution outflow over
to the Northern Indian Ocean.

https:/ [ doi.org/ 10.1016/j.scitoten.2022.155215
Lakshmi N. B., Resmi E. A., Padmalal D.

3.6.2 Raindrop size distribution of stratiform
precipitation over southwest India — The
gateway of Indian Summer Monsoon

The study focuses on exploring the bright band
(BB) characteristics, using Micro Rain Radar
and ceilometer during the monsoon season of
2019 over three stations - coastal (20 m above
mean sea level (MSL), mid (400 m above MSL),
and high (1820 m above MSL) altitude cloud
physics observatories. The raindrop spectral
characteristics are analyzed by classifying the
BB events into three time periods, (i) prior to
the occurrence of the bright band (pre-BB), (ii)
during bright band (BB), and (i) the subsequent
hours after the dissipation of bright band (post-
BB). In this study, reflectivity gradient between
4 km and 6 km measured with MRR is used for
identifying the BB. Prominent BBs sustained
for 10 min or more have been considered for
the analysis. The analysis is further extended by
classifying the BB event time as, pre- BB, BB,
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and post-BB hours.

The rain events are classified to 4 bins according
to the rain rate (R): 1) 0.1 SR <1 R1), (i) 1 <
R <5 (R2), (ii)) 5 < R < 10 (R3) and (vi) R =10
(R4) mm hr™'. Different classification criteria
are adopted for rain rates to better explain the
microphysical properties of tropical rainfall.

Stronger BB events are noted in the high-
altitude station with reflectivity of 33 dBZ at
the melting layer while the occurrence of high
duration (~2 h) events are noted at the mid-
altitude station. Pre-BB hours are contributing
the highest surface rainfall from all stages of
BB evolution at the coastal and mid-altitude
stations. The vertical profile of high rain rates
indicates the presence of shallow and mixed-
phase precipitating systems during pre-BB
hours. At the coastal station, light to moderate
rainfall with narrow raindrop spectra having
dominance of mid-size drops are noticed (Fig.
3.6.2.1). At the coastal station, from the melting
layer to the surface, the R1 and R2 rain classes
show dominant contribution in RSD spectra.
In pre-BB hours, the drops spectra are mixed
with shallow precipitating systems and faint BB
signals which are evolved during the initial stages
of stratiform precipitation. In BB and post-
BB hours, the RSD spectra are observed with
a slight variation in the number concentration
of smaller drops from 4 to 1 km level in the
R1 rain category. During BB hours, the RSD
spectra of R1 and R2 mainly contribute to the
total rainfall however, the spectra of R2 show
dominant variation in the drop size range from
0.4 to 1.2 mm.

The RSD spectra at the mid-altitude station are
evident with a uniform number concentration
of smaller drops for all rain rate classes. The
high-altitude station over the Western Ghats
is conducive for the generation of stratiform
precipitation along with mixed-phase systems
in the background of southwest monsoon
circulation. The RSD evolved from all rain rate
categories in pre-BB hours are registered with
these factors. The very heavy rainfall events over
high-altitude stations are noted with consistent
BB events. The RSD spectra associated with
these events in pre-BB and post-BB hours
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are mostly contributed by R3 and R4 rain
categories. The ambient weather conditions and
cloud layers are in favorable conditions for the
generation of smaller raindrops during pre- BB
and post- BB hours. These drops undergo a
collision-coalescence-accretion process and lead
to a higher number concentration of mid-size

drops.

Fig. 3.6.2.1. Variation of mean raindrop concentration
(ND), m-3 mm-1) with drop diameter (D, mm) for
pre-BB (a-c), BB (d-f) and post-BB (g-i) at high-altitude
stations. The colour represents rain rates (R1 to R4) and
three different lines represent altitude (1, 2, 3 and 4 km)

above MSL.

The efficiency of  collision-coalescence
processes is relatively more at the mid- and
high-altitude stations resulting in small to mid-

NCESS Annual Report 2021-22

size drops and larger drops respectively. The
raindrops generated from the melting layer
fall into the shallow feeder clouds formed
at the saturated surface in the high-altitude
station that creates a seeder feeder mechanism
of orographic rain enhancement. The radar
reflectivity-rain rate relations coherently explain
the results concerning the evolution of drop
spectra. There is significant vertical variation in
both the coefficients and exponents values of
Z-R relation in all three stations. Nearly equal
coefficients and exponents (except at coastal
station) for pre-BB and post-BB categories are
detected. At the coastal station, the coefficient
‘a’increase from 1 km to the surface implies that
collision-coalescence leads to larger raindrops,
further initiating the collision-coalescence-
breakup processes representing a decrement in
the exponent ‘b’ at the near-surface level. The
exponent and coefficient values at the coastal
and mid-altitude stations are higher in BB
than in pre-BB and post-BB hours. Although
the coefficient values are higher at the high-
altitude station, exponent values are less in
the case of BB than in pre-BB and post-BB
hours. The distribution of mass-weighted
mean diameter (Dm) varies from 0.5 to 1 mm
with wider generalized intercept parameter
(loglONw) values at the mid- and high-altitude
stations during pre-BB hours. In BB hours, the
distribution of Dm values at the high-altitude
station extends to 1.5 mm with high loglONw
values and the shape-slope (u-A) relation also
shows the extension of raindrop spectra to
larger drops.

https:/ [ doi.org/ 10.1016/j.atmosres.2022.106125

Sumit Kumar, Sumesh R. K., Resmii E. A., Dharmadas
Jash, Unnikrishnan C. K., Anusha Andrews, Nita
Sukumar
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36. Poornima, U., Reji Srinivas, Murugan, R., Suresh Babu, D. S. (2021). Computation of
submarine groundwater discharge from geomorphologically different coastal catchments of
SW India using numerical modeling. Regional Studies in Marine Science, Vol. 47, Art. 101963.
https://doi.org/10.1016/j.rsma.2021.101963

37. Radhakrishna, T., Bansal, B. K., Ramakrishna, Ch. (2021). Geodynamic events leading to
formation of passive western continental margin of India. Journal of Geodynamics, Vol. 148,
Art. 101878. https://doi.org/10.1016/j.jog2021.101878

38. Rajasekhar, M., Upendra, B., Raju, G.S., Anand (2022). Identification of groundwater
potential zones in southern India using geospatial and decision-making approaches. Applied
Water Science, Vol. 12 (4), Art. 68. https://doi.org/10.1007/s13201-022-01603-9

39. Ramesh Madipally, Sheela Nair, L., Anoop, T. R., Prakash, T. N. (2022). Nearshore
wave analysis from coastal video monitoring techniques at high energy micro tidal beach under
sunlight dominance conditions: A case study from Valiathura beach in southwest coast of
India. Regional Studies in Marine Science, Vol. 51, Art. 102205. https://doi.org/10.1016/.
rsma.2022.102205

40. Ratheesh Kumar, M., Anoop Krishnan, K. (2021). Grazing behaviour of tropical calanoid
copepods and its effect on phytoplankton community structure. Environmental Monitoring
and Assessment, Vol. 193 (8), Art. 495. https://doi.org/10.1007/s10661-021-09306-5

41. Ratheesh Kumar, M., Anoop Krishnan, K., Vimexen, V. (2022). Effect of trace metal
contamination in sediments on the bioaccumulation of bivalve Meretrix meretrix. Marine
Pollution Bulletin, Vol. 176, Art. 113422, https://doi.org/10.1016/j.marpolbul.2022.113422

42. Ratheesh Kumar, M., Anoop Krishnan, K., Vimexen, V., Faisal, A. K., Mohind, M.,
Arun, V. (2022). Heavy metal impression in surface sediments and factors governing the fate
of macrobenthic communties in tropical estuarine ecosystem, India. Environmental Science
and Pollution Research, Vol. 29 (25), pp. 38567-38590. https://doi.org/10.1007/s11356-021-
18394-2
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43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Rejith, R. G., Sundararajan, M., Lakshmanan, G., Kaliraj, S., Chandrasekar, N. (2022).
Exploring beach placer minerals in the east coast of Tamil Nadu, India, using EO-1 Hyperion
data. Journal of Applied Remote Sensing, Vol. 16 (1), Art. 012017. https://doi.org/10.1117/1.
JRS.16.012017

Rejith, R. G., Sundararajan, M., Lakshmanan, G., Kaliraj, S., Ramaswamy, S. (2021). GIS-based
machine learning algorithms for mapping beach placer deposits in the southwest coast of India
using Landsat-8 OLI images. Journal of Applied Remote Sensing, Vol. 16 (1), Art. 012011.
https://doi.org/10.1117/1.JRS.16.012011

Revathy Das, Krishnakumar, A. (2021). Implications of methane emissions in biogeochemical

budgeting: A study from a tropical wetland system, Kerala, India. Environmental Engineering
Science, Vol. 39 (2), pp. 114-124. https://doi.org/10.1089/ees.2021.0121

Riyas, A., Dahanukar, N., Anoop Krishnan, K., Kumar, A. B. (2021). Scyphozoan jellyfish
blooms and their relationship with environmental factors along the south-eastern Arabian Sea.
Marine Biology Research, Vol. 17 (2), pp. 185-199. https://doi.org/10.1080/17451000.2021.1
916034

Salaj, S. S., Ramesh, D., Suresh Babu, D. S., Kaliraj, S., Chandrasekar, N. (2022). Appraisal
of urban growth impacts on seawater intrusion vulnerability using GIS-based modified
GALDIT-U model: a case study of Kozhikode coastal stretch, Kerala, South India. Journal of
Applied Remote Sensing, Vol. 16 (1), Art. 012014. https://doi.org/10.1117/1.JRS.16.012014

Sandhya Sudhakaran, Elezabeth, V. A., Harsha Mahadevan, Anoop Krishnan, K. (2021).
Crosslinked chitosan-montmorillonite biocomposite with Fe intercalation: Enhancing surface
chemistry for improved phosphate adsorption. Surfaces and Interfaces, Vol. 27, Art. 101468.
https://doi.org/10.1016/j.surfin.2021.101468

Sankar Bose, Nilanjana Sorcar, Kaushik Das, Proloy Ganguly, Sneha Mukherjee (2021).
Pulsed tectonic evolution in long-lived orogenic belts: An example from the Eastern Ghats
Belt, India. Precambrian Research, Vol. 369, Art. 106522. https://doi.org/10.1016/j.
precamres.2021.106

Saranya, P., Krishnakumar, A., Sinha, N., Kumar, S., Anoop Krishnan, K. (2021). Isotopic
signatures of moisture recycling and evaporation processes along the Western Ghats orography.
Atmospheric Research, Vol. 264, Art. 105863. https://doi.org/10.1016/j.atmosres.2021.105863

Seela, B. K., Janapati, J., Unnikrishnan, C. K., Lin, P. L., Loh, J. L., Chang, W. Y., Kumar,
U, Reddy, K. K., Lee, D. 1., Reddy, M. V. (2021). Raindrop size distributions of north Indian
Ocean tropical cyclones observed at the coastal and inland stations in South India. Remote
Sensing, Vol. 13 (16), Art. 3178. https://doi.org/10.3390/rs13163178

Selvakumar, S., Chandrasekar, N., Srinivas, Y., Selvam, S., Kaliraj, S., Magesh, N. S,
Venkatramanan, S. (2021). Hydrogeochemical processes controlling the groundwater salinity
in the coastal aquifers of southern Tamil Nadu, India. Marine Pollution Bulletin, Vol. 174, Art.
113264. https://doi.org/10.1016/j.marpolbul.2021.113264

Sribin, C.,Padma Rao, B., Ravi Kumar, M., Tomson, J. K. (2021). Mantle deformation beneath
the Western Ghats, India: Insights from core-refracted shear wave splitting analysis. Journal of
Asian Earth Sciences, Vol. 218. Art. 104848. https://doi.org/10.1016/j.jseaes.2021.104848
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54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

62

Sumesh, R. K., Resmi, E. A., Unnikrishnan. C. K., Dharmadas Jash, Ramachandran,
K. K. (2021). Signatures of shallow and deep clouds inferred from precipitation microphysics

over windward side of Western Ghats. Journal of Geophysical Research: Atmospheres, Vol.
126 (10), Art. ¢2020JD034312. https://doi.org/10.1029/2020]D034312

Sumit Kumar, Sumesh, R. K., Resmi, E. A., Dharmadas Jash, Unnikrishnan. C. K.,
Anusha Andrews, Nita Sukumar (2022). Raindrop size distribution of stratiform precipitation
over southwest India — The gateway of Indian Summer Monsoon. Atmospheric Research, Vol.
272, Art. 106125. https://doi.org/10.1016/j.atmostres.2022.106125

Thanooja, P. V., Santosh, M., Li, S. S., Nandakumar, V., Kumar, C. I. (2021). Neoarchaean
crustal evolution along the eastern flank of Nallamalai Shear Zone, southern India. International
Geology Review. https://doi.org/10.1080/00206814.2021.2012717

Tiju, V. 1., Prakash, T N., Sheela Nair, L., Sreenivasulu, G., Nagendra, R. (2021).
Reconstruction of the paleoenvironment of the late Quaternary sediments of the Kerala coast,
SW India. Journal of Asian Earth Sciences, Vol. 222, Art. 104952. https://doi.org/10.1016/].
jseaes.2021.104952

Tripathy, B. R., Liu, X., Songer, M., Kumar, L., Kaliraj, S., Chatterjee, N. D., Wickramasinghe,
W. M. S., Mahanta, K. K. (2021). Descriptive Spatial Analysis of Human-Elephant Conflict
(HEC) Distribution and Mapping HEC Hotspots in Keonjhar Forest Division, India. Frontiers
in Ecology and Evolution, Vol. 9, Art. 640624. https://doi.org/10.3389/fevo.2021.640624

Ujjal K. Borah, Prasanta K. Patro (2021). The interrelationship between electrical resistivity
and VP/VS ratio: A novel approach to constrain the subsurface resistivity structure in data gap
areas in a seismogenic zone. Geophysics, Vol. 87 (1), pp. B57-B67. https://doi.org/10.1190/
£¢02021-0200.1

Uma Mohan, Krishnakumar, A. (2022). Geochemical aspects and contamination evaluation
of major and trace elements in the sediments of Kallada river, southern Western Ghats, India.
Journal of Environmental Science and Health, Part A: Toxic/Hazardous Substances and
Environmental Engineering Vol. 57 (4), pp. 258-267. https://doi.org/10.1080/10934529.202
2.2053450

Unnikrishnan, C. K., Sunil Pawar, Gopalakrishnan, V. (2021). Satellite-observed lightning
hotspots in India and lightning variability over tropical South India. Advances in Space Research,
Vol. 68 (4), pp. 1690-1705. https://doi.org/10.1016/j.asr.2021.04.009

Upendra, B., Ciba, M., Aiswarya, A., Vinu V. Dev, Sreenivasulu, G., Anoop Krishnan, K.
(2022). Mechanisms controlling the dissolved load, chemical weathering and CO2 consumption

rates of Cauvery River, South India: role of secondary soil minerals. Environmental Earth
Sciences, Vol. 81 (3), Art. 103. https://doi.org/10.1007/s12665-022-10222-1

Vrinda Mukundan, Smitha V. Thampi, Anil Bhardwaj, Xiaohua Fang (2021). Impact of the
2018 Mars global dust storm on the ionospheric peak: A study using a photochemical model.
Journal of Geophysical Research: Planets, Vol. 126 (4), Art. €2021JE006823. https://doi.
org/10.1029/2021JE006823
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4.1.2 Papers in Journals (non-SCI)

1.

Arunbose, S., Srinivas, Y., Rajkumar, S., Nithya C. Nair, Kaliraj, S. (2021). Remote sensing, GIS
and AHP techniques based investigation of groundwater potential zones in the Karumeniyar

river basin, Tamil Nadu, southern India. Groundwater for Sustainable Development, Vol.14,
Art. 100586. https://doi.org/10.1016/j.gsd.2021.100586

Gayathri, S., Vinu V. Dev, Shiny Raj, R., Krishnakumar, A., Vishnu Maya, T. M.,
Anoop Krishnan, K. (2021). Spatiotemporal evaluation of hydrochemical facies and pesticide
residues in the cardamom plantations of southern Western Ghats, India. Environmental
Nanotechnology, Monitoringand Management, Vol. 16, Art. 100599. https:/ /doi.org/10.1016/j.
enmm.2021.100599

Harsha Mahadevan, Nimina, P. V. M., Anoop Krishnan, K. (2022). An environmental
green approach for the effective removal of malachite green from estuarine waters using
Pistacia vera L. shell-based active carbon. Sustainable Water Resources Management, Vol. 8 (1),
Art. 38. https://doi.org/10.1007 /s40899-022-00612-5

Krishnakumar, A., Revathy Das (2021). Nature of substratum sediment grains and carbon

accumulation studies of Ashtamudi Ramsar wetland, southwest of India in context of ecological
health. Journal of Aquatic Biology and Fisheries, Vol. 9, No. 1&2, pp. 117-123.

Krishnakumar, A., Revathy Das, Aditya, S. K., Anoop Krishnan, K. (2021). Enrichment
of potential toxic elements and environmental health implications: A study of the tropical

agricultural soils in southern Western Ghats, India. Environmental Quality Management, Vol.
31 (3), pp. 393-402. https://doi.org/10.1002/tqem.21792

Revathy Das, Krishnakumar, A., Ratheesh Kumar, M., Dhanya, T. (2021). Water quality
assessment of three tropical freshwater lakes of Kerala, SW India, with special reference to
drinking water potential. Environmental Nanotechnology, Monitoring and Management, Vol.
16, Art. 100588. https://doi.org/10.1016/j.enmm.2021.100588

Sibin Antony, Vinu V. Dev, Ratheesh Kumar, M., Anoop Krishnan, K. (2021). Composition
and distribution pattern of plankton communities in lagoon and offshore region of Kavaratti
Atoll, Lakshadweep Archipelago, India. Sustainable Water Resources Management, Vol. 7 (6),
Art. 93. https://doi.org/10.1007/540899-021-00574-0

Uma Mohan, Krishnakumar, A. (2021). Assessment of water quality of Kallada river,
southern Western ghats, India: A statistical approach. Journal of Geosciences Research, Vol. 6
2), pp- 220-230.

Upasana S. Banerji, Vineet Goswami, Kumar Batuk Joshi (2022). Quaternary dating and
instrumental development: An overview. Journal of Asian Earth Sciences: X, Vol. 7, Art.
100091. https://doi.org/10.1016/j.jaesx.2022.100091

4.1.3 Papers in Edited Volumes / Monographs

1.

Krishnakumar, A. (2022) Earth: A scientific appraisal - Mathrubhumi Year Book Plus 2022,
Mathrubhumi Printing and Publishing, ISBN: 978-81-8268-171-2, pp. 236-255.

Kunhambu, V., Vinayachandran, N., Suresh Babu, D. S. (2021). Plausible offshore freshwater
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aquifer system off the Kerala coast: A case study from the Kuttanad area of Kerala - Water
Resources of Kerala: Status and Management, Geological Society of India, Special Publication
- 10, Das, S., Shaji, E. (Eds), ISBN: 978-93-80998-41-1, Part-I, pp. 31-37.

3. Maya, K., Padmalal, D., Vandana, M., Mohan, S. V., Vivek, V. R., Ruta B. Limaye, Kumaran,
K. P. N. (2021). Holocene changes in fluvial geomorphology, depositional environments, and

evolution of coastal wetlands: A multiproxy study from Southwest India - Holocene climate
change and environment, Elsevier Ltd., Kumaran, K. P. N, Padmalal, D. (Eds), ISBN: 978-0-
32-390085-0, Chapter 20, pp. 483-513. https://doi.org/10.1016/B978-0-323-90085-0.00026-7

4. Merin Mariam Mathew., Micky Mathew, Sreelash, K. (2021). Acceleration of hydrological
cycle: evidences from the river basins of Kerala - Water Resources of Kerala: Status and
Management, Geological Society of India, Special Publication - 10, Das, S., Shaji, E. (Eds),
ISBN: 978-93-80998-41-1, Part-1I, pp. 98-105.

5. Mohan, S. V., Aneesh, M. S., Maya, K., Kumaran, K. P. N., Padmalal, D. (2021). Holocene
evolution of coastal wetlands—A case study from southern Kerala, India - Holocene climate
change and environment, Elsevier Ltd., Kumaran, K. P. N, Padmalal, D. (Eds), ISBN: 978-0-
32-390085-0, Chapter 21, pp. 513-546. https://doi.org/10.1016/B978-0-323-90085-0.00024-3

6. Murugan, R., Remya, R., Reji Srinivas, Suresh Babu, D. S. (2021). Role of submarine
groundwater discharge in coastal aquifer management - Water Resources of Kerala: Status and
Management, Geological Society of India, Special Publication - 10, Das, S., Shaji, E. (Eds),
ISBN: 978-93-80998-41-1, Part-11, pp. 86-97.

7. Padmalal, D., Ruta B. Limaye, Kumaran, K. P.N. (2021). Holocene climate and sea-level changes
and their impact on ecology, vegetation and landforms in South Kerala sedimentary basin,
India - Holocene climate change and environment, Elsevier Ltd., Kumaran, K. P. N., Padmalal,
D. (Eds), ISBN: 978-0-32-390085-0, Chapter 7, pp. 163-196. https://doi.org/10.1016/B978-
0-323-90085-0.00010-3

8. Rafeeque, M. K., Akhil, T., Mintu E. George, Suresh Babu, D. S., Prasad, T. K. (2022).
Recent disturbances in the geomorphic processes due to human interventions along the west
coast of India — Anthropogeomorphology- A Geospatial Technology Based Approach (Part of
the Geography of the Physical Environment book series), Springer International Publishing,
Bhunia, G. S., Chatterjee, U., Lalmalsawmzauva, K. C., Shit, P. K. (Eds), ISBN: 978-3-030-
77572-8, Chapter 7, pp. 125-144. https://doi.org/10.1007 /978-3-030-77572-8_7

9. Sreelash, K., Arulbalaji, P., Maya, K., Padmalal, D. (2021). Freshwater sources of Kerala
- Hydrometeorological scenarios, environmental threats and management strategies - Water

Resources of Kerala: Status and Management, Geological Society of India, Special Publication
- 10, Das, S., Shaji, E. (Eds), ISBN: 978-93-80998-41-1, Part-I, pp. 20-30.

10. Upasana S. Banerji, Padmalal, D. (2021). Bond events and monsoon variability during
Holocene: evidence from marine and continental archives - Holocene climate change and
environment, Elsevier Ltd., Kumaran, K. P. N., Padmalal, D. (Eds), ISBN: 978-0-32-390085-0,
Chapter 12, pp. 293-339. https://doi.org/10.1016/B978-0-323-90085-0.00016-4

11. Vipin T. Raj, Gayathri, J. A., Vandana, M., Sreelash, K., Sajan, K., Padmalal, D. (2021).
Major element chemistry of the Bhavani River, Kerala, SW India — weathering processes and
solute transport - Water Resources of Kerala: Status and Management, Geological Society of
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India, Special Publication - 10, Das, S., Shaji, E. (Eds), ISBN: 978-93-80998-41-1, Part-1, pp.
52-59.

4.2 Books

1. Divya, J., Anjali Varghese, Krishnakumar, A. (2021). Soil geochemistry of Periyar river basin.
Bhumi Publishing, ISBN: 978-81-953600-7-9, 6 Chapters, 57 pages.

2. Kumaran, K. P. N,, Padmalal, D. (Eds) (2021). Holocene climate change and environment,
Elsevier Ltd., ISBN: 978-0-32-390085-0, 661 pages. https://doi.org/10.1016/C2020-0-02938-
5

3. Nandakumat, V., Jayanthi, J. L. (2021). Hydrocarbon Fluid Inclusions in Petroliferous Basins.

Elsevier Ltd., ISBN: 978-0-12-817416-6, 8 Chapters, 290 pages. https://doi.org/10.1016/
C2018-0-01344-4

4.3 Papers presented in Conferences / Seminars / Symposia

1.

Amal Dey, ]J., Nilanjana Sorcar, Tomson, J. K. (2021). Unraveling the cooling history
of HT-UHT rocks from South India: New evidences from LA-ICPMS analysis of rutiles.
Goldschmidt Conference, 4-9 July 2021.

Anoop T. R., Subeesh M. P,, Teesha Mathew, Sreejith. N., Glejin Johnson, Sheela Nair. L.,
Sameer, V. K., Jubin K. Thomas, Prasad, R. (2022). Fate of Arabian Sea high-salinity core
after the intrusion of low salinity water mass. International Indian Ocean Science Conference
(IIOSC-2022) held at CSIR-NIO, Goa during 15-17 March 2022.

. Anusha Andrews Resmi, E. A., Sumesh, R. K., Nita, S., Unnikrishnan, C. K., Padmalal

D. (2021). Confronting the challenges of precipitation microphysics over windward side of
the southern Western Ghats. International Symposium on Tropical Meteorology ‘Changing
Climate: Consequences and Challenges’, INTROMET-2021 held at Kochi during 23-26
November 2021.

Anusha Andrews, Resmi, E. A., Sumesh, R. K., Unnikrishnan, C. K.; Padmalal D.
(2021). Characteristics of shallow clouds and precipitation over Western Ghats region. 18"
Annual Meeting of the Asia Oceania Geosciences Society (AOGS 2021) held at Singapore
during 01-06 August 2021.

Dharmadas Jash, Resmi, E. A., Unnikrishnan, C. K., Sumesh, R. K., Padmalal D.
(2021). A preliminary analysis of a convective system using C-band Doppler Weather
Radar measurements over southern India. International Symposium on Tropical Meteorology
‘Changing Climate: Consequences and Challenges’, INTROMET-2021 held at Kochi during
23-26 November 2021.

Dubey, C. P, Prasad, M., Joshi, K. B., Tiwari, V. M. (2021). Crustal density and susceptibility
structure beneath Achankovil Shear zone: Correlation with Madagascar. Joint Scientific
Assembly IAGA — TASPEI 2021, Online, 21-27 August 2021.

Jeenu Jose, Krishna Kumar, A., Anoop Krishnan, K. (2021). Water quality and environmental
implications of a tropical estuarine wetland system of international importance: study of
Ashtamudi Lake, Kerala, India. International Conference in Geosciences with focus on Climate
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Change Perspectives, organized by Mohanlal Sukhadia University, Udaipur, Rajasthan on 10*
July 2021.

8. Jeenu Jose, Krishna Kumar, A., Anoop Krishnan, K. (2021). Assessment of toxic metal
ions in Ashtamudi Ramsar wetland system, SW coast of India. National Seminar on Recent
Advances in Geoscience Research held at University of Delhi during 1-2 July 2021.

9. Jubin Thomas., Anoop T.R., Sheela Nair. L. (2022). Sub-inertial oscillations and its
impact on flooding in the tropical estuary. International Indian Ocean Science Conference
(IIOSC-2022) held at CSIR-NIO, Goa during 15-17 March, 2022.

10. Kumar Batuk Joshi, Upasana S. Banerji, Chandra Prakash Dubey, Elson P. Oliveira
(2021). Detrital zircon record from Indian subcontinent. National Seminar on Recent Advances
in Geoscience Research held at University of Delhi during 1-2 July 2021.

11. Lakshmi, N. B. (2022). Retrieval of near-surface PM2.5 over India using satellite lidar
observations. 21* National Space Science Symposium organized by Indian Institute of Science
Education and Research held at Kolkata, 31 January - 04 February 2022.

12. Lakshmi, N. B., Resmi, E. A., Padmalal, D. (2022). Spatio-temporal variability of PM2.5
over India using multi-year spaceborne lidar observations and its implications. 34" Kerala
Science Congress held online during 10-12 February 2022.

13. Micky Mathew, Sreelash, K., Padmalal, D. (2021). Causes and consequences of intensive
climate change on Kerala during the recent decades. 34" Kerala Science Congtess held online
during 10-12 February 2022.

14. Padma Rao, B., Ravi Kumar, M. (2021). Evolution of the Western Ghats: Constraints from
receiver function imaging and Harmonic decomposition. Joint Scientific Assembly IAGA —
IASPEI 2021, Online, 21-27 August 2021.

15. Rafeeque M. K., Thomas K. V. (2022). Functional performance of coastal protection Structures.
International Conference of OCEANS 2022, held at Chennai during 21-24 February 2022.

16. Resmi E. A., Ajayamohan, R. S., Pallav Ray, Tan, H., Sumesh, R. K., Unnikrishnan, C.
K., Nita, S., Dharmadas Jash (2021). An assessment of extreme precipitation event over
Southern Western Ghats based on 7#-situ observations and high-resolution model simulations.
International Conference on Clouds and Precipitation held at Pune during 02-06 August 2021.

17. Silpa, S., Padma Rao, B., Purnachandra Rao, N. (2021). A review of geophysical research:
Insights into Indian Ocean Geoid Low. GAGE/SAGE 2021 Community Science Workshop,
Online, 17-19 August 2021.

18. Sneha Mukherjee, Goutam Ghosh, Nilanjana Sorcar (2021). Geochronological and
geochemical analyses of the rocks from the Baijnath Klippe, Kumaun Himalaya, North
West India and its implications. American Geophysical Union Fall Meeting, 13-17 December
2021.

19. Sreelash, K., Micky Mathew, Merin Mariam Mathew, Padmalal, D. (2021). Decoding
the role of climate change in the hydro-climatic disasters of south peninsular India.
NATHAZARDS-2021 held online during 20-22 September 2021.

20. Sribin, C., Padma Rao, B., Ravi Kumar, M., Tomson, J. K. (2021). Mantle deformation along
the Western Ghats: Insights from core-refracted shear wave splitting analysis. Joint Scientific
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21.

22.

23.

24.

25.

26.

27.

28.

Assembly IAGA — IASPEI 2021, Online, 21-27 August 2021.

Sumesh, R. K., Resmi E. A., Unnikrishnan, C. K., (2022). Tracing the precipitation
microphysics of mesoscale weather events over Kerala. 34" Kerala Science Congtess held
online during 10-12 February 2022.

Sumesh, R. K., Resmi E. A., Unnikrishnan, C. K., Dharmadas Jash, (2021). Macrophysics
of clouds and precipitation microphysics over windward side of Western Ghats during pre and
post monsoon seasons. International Conference on Clouds and Precipitation held at Pune
during 02-06 August 2021.

Sumit Kumar, Resmi E. A., Dharmadas Jash, Sumesh, R. K., Unnikrishnan, C. K.
(2021). Vertical raindrop size distribution of heavy to very heavy precipitation over western
ghat: a case study. International Symposium on Tropical Meteorology ‘Changing Climate:
Consequences and Challenges’, INTROMET-2021 held at Kochi during 23-26 November
2021.

Sumit Kumar, Resmi E. A., Sumesh R. K., Unnikrishnan, C. K., Padmalal D. (2021).
Orographic evolution of raindrop size distributions associated with bright-bands over Western
Ghat. 18" Annual Meeting of the Asia Oceania Geosciences Society (AOGS 2021) held at
Singapore during 01-06 August 2021.

Unnikrishnan, C. K., Pawar, S. D., Gopalakrishnan (2021). A study on lightning activity in
south India using satellite and ground observations. International Symposium on Tropical
Meteorology ‘Changing Climate: Consequences and Challenges’, INTROMET-2021 held at
Kochi during 23-26 November 2021.

Vipin T. Raj, Sreelash, K., Padmalal, D. (2021). Chemical denudation of mountainous
catchments in Southern Western Ghats - A case study using hydro chemical tools and modelling.
34" Kerala Science Congress held online during 10-12 February 2022.

Vrinda Mukundan, Smitha V. Thampi, Anil Bhardwaj (2021). Understanding the M3 layer
in the Martian dayside ionosphere using MAVEN observations. 21* National Space Science
Symposium organized by Indian Institute of Science Education and Research held at Kolkata,
31 January - 04 February 2022.

Vrinda Mukundan, Smitha V. Thampi, Anil Bhardwaj (2022). Unusual response of the
Martian ionosphere to a moderate dust storm event of October 2016. 3" Indian Planetary
Science Conference held at Physical Research Laboratory, Ahmedabad in 14-16 March 2022.
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5. External and Consultancy Projects

NCESS carried out few external grant-in-aid projects and a number of consultancy projects during
the year 2021-2022. The externally funded projects were sponsored by Govt. of Kerala and Govt.
of India agencies. The consultancy projects were undertaken mainly for the demarcation of HTL
and LTL for Coastal Regulation Zone.

Coastal Zone Management

The coastal policy of the Government of India and the coastal states is to develop the coastal
regions of the country within the framework. This will ensure the utilization of coastal resources to
its optimum potential and to sustain the functional integrity of coastal ecosystems. This approach
will also help to contain, to a certain extent, the impact of coastal hazards to coastal communities
and properties. Regulating high impact activities in the coastal zone through CRZ is one of the
effective tools in this endeavour.

As part of preparing the Coastal Zone Management Plan (CZMP) of Kerala as per 2019
Regulation, extensive ground truth has been collected in all the 10 districts of Kerala where CRZ
is applicable and modifications are being made to the maps prepared on the GIS platform. GIS
digital conversion of the CRZ maps of 1995 is being undertaken to achieve the maps and to
compare with the new CZMP. The entire HTL and LTL geo data base of the State has been sent
to National Centre for Sustainable Coastal Management (NCSCM) for its validation as per the
direction of the Ministry of Environment, Forest and Climate Change, Government of India.

Around 12 consultancy projects were completed during the year and 14 consultancy works were
in progress.
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Table 5.1: List of ongoing external grand-in-aid projects

si Total
) Project Title Funding Agency Outlay (Rs.
No. .
in lakh)
1. Env1ronmer}tal monitoring of water an.d sediment quality Cochin Port Trust, Gol 30.00
parameters in the back waters of Cochin Port Trust
2 DST Inspire Faculty Award - Innovation in science pursuit Department of Science 35.00
* | for inspired research - Dr. Tripti Muguli and Technology, Gol '
3 Teachers Associateship for Research Excellence (TARE) to Department of Science 335
* | Dr. Rajaveni S.P. and Technology, Gol '
4 Preparation of Coastal Zone Management Plan (CZMP) of Kerala Coastal Zone 108,55
* | Kerala with respect to the CRZ notification 2019 Management Authority '
5 DST Inspire Faculty Award - Innovation in science pursuit Department of Science 22,00
* | for inspired research - Dr. Vrinda Mukundan and Technology, Gol '
Back to Lab - P“ost Doctoral Fclzllowshlp Programme Kerala State Council for
6 — Project entitled “Socio economic and environmental Science. Technolooy & 1417
* | viability of Pamba Achankovil - Vaippar Link” — Dr. Smitha > gy '
Environment
P.S.
Sediment budgeting and studies on waves in the VISL Vizhinjam International
7. . . oo . 98.44
project site and adjoining area Seaport Limited
Identification and monitoring of rip currents at Rushikonda S Applications Centr
8. | blue-flag certified beach, Vishakapatnam SAMUDRA - pace AApp ications Lentre, 17.99
. ISRO, Gol
TDP project at SAC
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Table 5.2: List of completed CRZ consultancy projects

I\SII(;' Report No. File No. Project Name
NCESS KITCO Ltd., Ernakulam (For the construction of jetty and cruise vessel
1. ) CRZ/10/2021 | — under Kerala Shipping and Inland Navigation Corporation (KSINC)
CRZ-15-2021 .
project at Foreshore Road, Ernakulam)
2. NCESS- CRZ/14/2021 | Nadapana V. Chanakya and Steelekshmi Garikipathi, Kannur (For the
CRZ-03-2022 proposed construction of a special residential building in Edakkad
Village)
3. | NCESS- CRZ/22/2021 | St. John d’ Britto Church, Kollam (For the re-construction of existing
CRZ-17-2021 old church in Sakthikulangara, Kollam)
4. NCESS- CRZ/26/2021 | Njandan Madath Kumman Sooraj, Kannur (For the construction of A2
CRZ-09-2022 residential (hotel) building in Pallikunnu Village, Kannur)
5. | NCESS- CRZ/30/2020 | Public Works Department (Bridges Division), Ernakulam (For the
CRZ-07-2022 construction of Azhikode - Munambam bridge)
6. NCESS- CRZ/25/2021 | Kerala State Housing Boatd, Division Office, Ernakulam (For the
CRZ-06-2022 development of Government Maharaja’s Taluk Hospital, Karuvellipady,
Ernakulam)
7. NCESS- CRZ/15/2021 | Food Cotporation of India, Divisional Office, Kochi (For the
CRZ-04-2022 construction of district office building in Rameswaram Village,
Ernakulam)
NCESS- Kerala State Housing Board, Kottayam (For the development of
8. CRZ-01-2022 CRZ/24/2021 Government Taluk Hospital, Vaikom, Kottayam)
9. NCESS- CRZ/22/2019 Public \Works_Department (Brldges Division), Thiruvananthapuram (For
CRZ-02-2022 the construction of Asramam Link Road Phase III)
NCESS. Cochin Port Trust (For the installation of 1.5 MWp grid connected
10. CRZ/30/2021 | floating solar PV project in the backwaters near CoPT’s walkway avenue
CRZ-10-2022 . . .
between BOT junction and Kannangatt bridge)
NCESS- Indian Coast Guard (via KITCO Ltd.) (For the construction of
11. CRZ-08-2022 CRZ/08/2022 facilitation centre for ICG Operations at Palluruthy, Ernakulam)
NCESS. Goshree Island Development Authotity (GIDA) via M/s KITCO Ltd.,
12. CRZ.-13.2022 CRZ/09/2022 | Etrnakulam (For the proposed construction of 350m approach road in

Kadamakkudy Village, Ernakulam)
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Table 5.3: List of ongoing CRZ consultancy projects

SL.

No.

Project Title

Funding Agency

Total
Outlay (Rs.
in lakh)

Delineation of
HTL/ LTL and
preparation of CRZ
status report

Public Works Department (PWD) Road Division, Kollam
(Construction of Perumon, Konnayil Kadavu, Kannankattu
Kadavu, Kattilkadavu, Asramam Link Rd, Fathima Island -
Arulappanthuruth bridges)

11.00

_dO_

Department of Tourism, Thiruvananthapuram (For the project
“Rejuvenation of Akkulam Lake and its watershed, Rebuilding
Kerala, the sustainable way”)

3.15

_do_

Kerala Tourism Infrastructure Ltd. (KTIL), Thiruvananthapuram
(For the development of Kadinamkulam — Anchuthengu backwater
tourism corridor)

5.15

-do-

Public Works Department (Bridges Division), Ernakulam (For the
construction of Pullut parallel bridges across Kodungallur Kayal in
Thrissur District)

3.15

_do_

AW hospitality Pvt. Ltd., Thycaud, Thiruvananthapuram (For the
construction of hotel cum residential apartment project at Chowara,
Kottakal Village, Thiruvananthapuram)

6.15

-do_

Public Works Department (Bridges Division), Thrikkakara,
Ernakulam (For the construction of Kumbalanghi - Keltron ferry
bridge across Vembanad Lake connecting Ernakulam and Alappuzha
districts)

3.15

-dO—

KRFB-PMU, Ernakulam/Thrissur Unit, O/o The Executive
Engineer, Edapally, Ernakulam (For the construction of Thriprayar
bridge across Canoli Canal in Nattika LAC in Thrissur)

3.15

_do_

Travancore Titanium Products Limited, Thiruvananthapuram
District (For the construction of Travancore Titanium Products Ltd
at Kadakampally Village, Thiruvananthapuram)

3.15

_do_

Public Works Department (Bridges Division), Ernakulam (For
the construction of Nayarambalam Herbert bridge in Ernakulam
District, Kerala)

3.15

10.

_dO_

Harbour Engineering Sub Division, Muthalappozhy (For the
development of Perumathura Beach in Thiruvananthapuram
District)

3.15

11.

-do-

Mohd Salih KV & others, Calicut (For the construction of
commercial cum residential building in Feroke Municipality of
Kozhikode District, Kerala)

3.15

12.

_dO_

Harbour Engineering Department, Thiruvananthapuram (For
the construction of Fishing Harbour at Pozhiyoor (Kulathur
Panchayath) in Thiruvananthapuram District)

3.15

13.

-do_

Harbour Engineering Division, Kasaragod (For the construction of
fishing harbour in Ajanoor Grama Panchayat in Kanhangad LOC,
Kasaragod District, Kerala)

3.15

14.

-do_

Adani Ports and Special Economic Zone, Gujarat (For the
construction of two desalination plants and associated intake &
outfall facilities as part of the development of 1576.81 Industrial
Patk/SEZ at Mundra, Kutch, Gujarat)

9.88
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6. New Facilities

NCESS procured many sophisticated analytical facilities for carrying out front-line research in the
field of earth science studies during the financial year. The instruments procured and their key

characteristics are furnished below.

Name of the

SL . Make / o Photograph of the facility/
No. cquip r'n.ent / Model Application instrument
facility
Broadband A continuous Fecord of
Seismometer the ground motion - used
. REF TEK to detect the earthquakes/
1. | established at ) )
151B-120 icequakes and to decipher
Larsemann
. . the subsurface structure
Hills, Antarctica )
and deformation patterns.
Automatic
Weather Station 2-level weather station
installed at .
to continuously record
Vattavada, . .
nnar the basic meteorological
(Mu A Campbell variables such as rainfall,
2. | Critical Zone .. .. ;
Scientific solar radiation, wind speed,
Observatory) . L .

. wind direction, relative
and Aduthurai humidi tmospheri
(Aduthurai 1rle rtey, ir tejn erSI: re )
Critical Zone pressure, 2 perature.
Observatory).

Field Lysimeter

installed at Fijkelkammp, A W@ghmg type lysimeter

Attappadi, . for direct measurements of
3. Smart Field .

Munnar and . actual evapotranspiration

. Lysimeter )

Aduthurai in vegetated areas.

CZOs

Automatic

Digital Pan Self-recording and

Evaponmeters Virtual autornz'mc filling  pan
4. | installed at evaporimeter to record

Instruments

Munnar and
Aduthurai
CZOs

daily values of potential
evaporation.
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Ground water
level monitoring
system (and
daily record

pf ground
water level, and
rainfall)

Encardio

Understanding river-
water and groundwater
interaction.
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7. Conference, Seminar & Workshop

7.1 Webinar on Recent Advances in Atmospheric Sciences

NCESS organised a one-day webinar on “Invited Lectures on Recent Advances in Atmospheric
Sciences” on 30™ April 2021 as a part of ‘Bharat ka Amrit Mahotsav’ celebrations. Dr. K. Rajeey,
Director, Space Physics Laboratory, delivered a talk on “Understanding tropical clouds”. Dr. T.
Narayana Rao, Head (CCSG), National Atmospheric Research Laboratory, delivered a talk on
“Atmospheric radars”. Dr. S. Suresh Babu, Head (ATRF), Space Physics Laboratory, delivered a talk
on “Advances in aerosol research”. Dr. Thara Prabhakaran, Project Director (CAIPEEX), Indian
Institute of Tropical Meteorology delivered a talk on “Microphysics and precipitation pathways in
monsoon clouds”. Dr. K. Kishore Kumar, Head (Atmospheric Dynamics Branch), Space Physics
Laboratory, delivered a talk on “Are the large-scale atmospheric circulations accelerating in the
present climater”. Dr. S. Siji Kumar, Scientist SF (Numerical Atmospheric Modelling Branch),
Space Physics Laboratory, delivered a talk on “Atmospheric inverse modelling for greenhouse gas
flux estimation”.

7.2 Webinar as part of Azadi ka Amrit Mahotsav celebrations

As part of Azadi ka Amrit Mahotsav celebrations, an online talk was organized on 26™ August 2021.
Padma Shri Michel Danino, Visiting Professor, Humanities and Social Sciences, II'T Gandhinagar
delivered a talk on “The Sarasvati River’s decline in the Holocene”.
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7.3 NCESS Foundation Day 2022

National Centre for Earth Science Studies (NCESS) celebrated its 8" Foundation Day on 03™
January 2022. The online function was presided by Dr. M. Ravichandran, Hon’ble Secretary,
MoES. The Foundation Day lecture was delivered by Prof. S. K. Tandon, Chairman, Research
Advisory Committee (RAC), NCESS titled “The Anthropocene concept: focus on the terrestrial
hydrosphere”. Dr. Jyotiranjan S. Ray, Director, NCESS gave the welcome address.
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8. Extension Activities

8.1 Inauguration of New Entrance Gate

The newly constructed Automatic Entrance Gate, Boom Barrier and Security Complex of NCESS
was inaugurated by Dr. M. Rajeevan, Hon’ble Secretary, MoES and Chairman, Governing Council,
NCESS on 22 April 2021 through video conference. Prof. J. S. Ray, Director, NCESS gave the
welcome address.

8.2 Swachhata Pakhwada

As part of Swachhata Pakhwada, cleaning of office premises was carried out during 01-15 July,
2021. An online gathering was organised on 15" July 2021 to take the Swachhata Pledge. It was
followed by the distribution of cleaning materials/kits to various divisions for cleaning of office
space/laboratoties. Also, to mark the conclusion of Swachhata Pakhwada, an online invited talk
on “Statutes on Waste Management” was delivered by Dr. A. M. Sheela, Chief Environmental
Engineer, Kerala State Pollution Control Board.

8.3 Hindi Fortnight Celebrations

The programme was inaugurated by Dr. Som Kumar Sharma, Associate Professor, Space and
Atmospheric Sciences Division, Physical Research Laboratory, Ahmedabad on 14" September
2021 through video conference. As part of the programme various online competitions viz. essay
writing, short story writing, etc. were conducted. The valedictory function was held on 26" October
2021. Prof. Jyotiranjan S. Ray, Director NCESS inaugurated the function and distributed the prizes
to the winners of the competitions.
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8.4 Vigilance Awareness Week

As per the circular from Central Vigilance Commission, the Vigilance Awareness week was
observed from 26™ October to 01 November 2021 with the theme ‘Independent India @ 75:
Self Reliance with Integrity. NCESS employees took the integrity pledge on 26™ October 2021 to
mark the solidarity with the vision of corruption-free India and to emphasize the importance of
integrity in public life. As part of the programme, Shri. R. Sukesan IPS, Superintendent of Police
(Retd.) delivered an online talk on “The need and importance of vigilance in official life” on 29"
October 2021.

8.5 World Hindi Day

Wortld Hindi Day 2022 was celebrated on 10™ January, 2022 at NCESS. Dr. Satish C Tripathi,
General Secretary, The Society of Earth Scientists, was the chief guest and delivered a talk on
“Geo-conservation and Geo-tourism potential of India (status & future roadmap)”.

8.6 India International Science Festival (IISF) 2021

National Centre for Earth Science Studies participated in the 7" edition of ‘India International
Science Festival (IISF)” held at Panaji, Goa during 10-13 December 2021. NCESS exhibited posters
on research activities in the Mega Science, Technology & Industry Expo pavilion of Ministry of
Earth Sciences.
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8.7 Earth Science Forum

The Earth Science Forum (ESF) of NCESS organized 6 online lectures during 2021-22 on different
themes of Earth Sciences by scientists and researchers from NCESS. The first talk of this period was
given by Ms. Mintu Elezebath George, Research Scholar, Marine Geoscience Group on the topic
“Assessment of Submarine Groundwater Discharge from the Kozhikode coastal segment, Kerala,
SW India” on 09™ April 2021. Dr. Manab Kumar Dutta, Research Associate, Hydrology Group
delivered the first talk of 2022 on “Carbon biogeochemistry of contrasting Indian estuaries” on 18"
February 2022. Dr. Prajith A., Scientist B, Marine Geoscience Group delivered a talk on “Factors
controlling sedimentation in the Bay of Bengal: Implications of southwest monsoon and turbidity
current activities” on 25" February 2022. In March 2022, Dr. Lakshmi N. B., Research Associate,
Atmospheric Science Group delivered a talk on “Lidar-based characterization of atmospheric
aerosols over India” and Dr. B. Padma Rao, Scientist C, Solid Earth Research Group provided
a brief presentation on “Seismological Observatory at Bharati Station, Antarctica - Overview of
NCESS Antarctica Expedition”. Dr. Bivin Geo George, Scientist B, Solid Earth Research Group
delivered a talk on “Fluvio-aecolian dynamics in the Thar Desert” on 18" March 2022.
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9. Staff Details

9.1 Directotr’s Office

o . Dr. A. Krishnakumar Scientist-D
Dr. Jyotiranjan S. Ray Director
L. Shri. Rajat Kumar Sharma Scientist-C
Dr. D. S. Suresh Babu Scientist-F &
Head, DTC Dr. K. Sreelash Scientist-C
Smt. Jinitha Madhavan Coordinator Gr. 111 Shri. Prasenjit Das Scientist-C
Shri. S. R. Unnikrishnan Scientific Asst. Gr. A
Smt. T Remani MTS 9.5 Biogeochemistry Group
Shri. R. Binu Kumar MTS Dr. K. Maya Scientist-F & Head
Dr. K. Anoop Krishnan Scientist-E
9.2 Solid Earth Research Group . ) o
Shri. Badimela Upendra Scientist-C
Dr. Jyotiranjan S. Ray Head (addl. charge) Dr. S. Kaliraj Scientist-C
Dr. Tomson J. Kallukalam Scientist-E & Smt. T. M. Liji Scientific Asst. Gr. B
Deputy Head o
Ms. P. V. Vinitha Scientific Asst. Gr. A

Dr. Chandra Prakash Dubey Scientist-C

Dr. B. Padma Rao Scientist-C 9.6 Marine Geoscience Group
Dr. Nilanjana Sorcar Scientist-C Dr. L. Sheela Nair Scientist-G & Head
Dr. Kumar Batuk Joshi Scientist-C Dt D.S. Suresh Babu Scientist-F
Shri. Arka Roy Scientist-C Dr. Reji Srinivas Scientist-D
Dr. Bivin Geo Geotge Scientist-B Shri. Ramesh Madipally Scientist-C
(from 01.10.2021)
Shri. N. Nishanth Scientific Asst. Gr. B Dr. A. Prajith Scientist-B
Smt. G. Lakshmi Scientific Asst. Gr. A (from 01.09.2021)
Shri. Krishna Jha Scientific Asst. Gr. A~ Dr- Ajit Kumar Behera Scientist-B
(from 02.09.2021)

Shri. K. Eldhose Technician Gr. B

Shri. S. S. Salaj Scientific Asst. Gr. B
9.3 Crustal Dynamics Group Shri. M. K. Rafeeque Scientific Asst. Gr. B

Shri. M. K. Sreeraj Scientific Asst. Gr. B

. V. ki ientist-

Dr. Vi Nandakumar Scientist-G & Head 1 5 Shibu Sasi Scientific Asst. Gr. A
Shri. Thatikonda Suresh Kumar ~ Scientist-C Shri. N. Srecjith Scientific Asst. Gr. A
Ms. Alka Gond Scientist-C
Shri. S. Shivapriya Scientific Asst. Gr. A 0-7 Atmospheric Science Group

Dr. D. Padmalal Scientist-G &

Head (addl. charge)

9.4 Hydrology Group

Dr. E. A. Resmi Scientist-D &
Dr. D. Padmalal Scientist-G & Head Deputy Head
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Shri. Dharmadas Jash Scientist-C 9.11 Retirements
Dr. C. K. Unnikrishnan Scientist-C

Smt. Nita Sukumar Scientific Asst. Gr. B

9.8 Central Geomatics Laboratory

Dr. Reji Srinivas Scientist-D &
Co-ordinator

Shri. S. S. Salaj Scientific Asst. Gr. B Shri. P. Saseendran Nair

Shri. P. B. Vibin Scientific Asst. Gr. B MTS
Shri. M. K. Rafeeque Scientific Asst. Gr. B Estate Administration & Management

Superannuated on 31 May 2021
Smt. M. Lincy Sudhakaran  Scientific Asst. Gr. A

9.12 New Appointments

9.9 Library
Dr. D. S. Suresh Babu Scientist-I &

Co-ordinator
Smt. K. Reshma Scientific Asst. Gr. B
9.10 Administration
Shri. D. P. Maret Senior Manager Dr. A. Prajith
Shri. A. Saji Manager Scientist-B
Shri. M. Madhu Madhavan ~ Deputy Manager Marine Geoscience Group
Smt. R. Jaya Deputy Manager
Smt. G. Lavanya Deputy Manager
Smt. Indu Janardanan Scientific Asst. Gr. B
Shri. P. Rajesh Executive
Smt. P. C. Rasi Executive
Smt. Femi R. Srinivasan Executive
Smt. Smitha Vijayan Executive Dr. Ajit Kumar Behera
Smt. D. Shimla Junior Executive Scientist-B
Shri. P. H. Shinaj Junior Executive Marine Geoscience Group
Smt. K. S. Anju Junior Executive
Smt. V. Sajitha Kumary Junior Executive
Smt. Seeja Vijayan Junior Executive
Shri. M. K. Adarsh Technician Gr. A

Shri. P. Saseendran Nair MTS
(tll 31.05.2021)

Shri. P. S. Anoop MTS L.

Dr. Bivin Geo George
Smt. P. S. Dlvya MTS Scientist-B
Shri. K. Sudheer Kumar MTS Solid Earth Research Group
Shri. M. R. Murukan MTS
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10. Balance Sheet

NATIONAL CENTRE FOR EARTH SCIENCE STUDIES
(Ministry of Earth Sciences, Government of India)

Akkulam, Trivandrum

Audit for the Period
2021 - 2022

A J Mohan & Associates

Chartered Accountants
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