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EXECUTIVE SUMMARY

The Wadia Institute of Himalayan
Geology (WIHG), Dehradun; is
an autonomous rescarch Institute
of the Department of Science &
Technology, Govt. of India,
established in 1968, The Instiute
i5s devoted to unravel various
scientific aspects of the
Himalaya, mcluding geodvnamic
evolution, surface and subsurface structures,
seismogenesis. climate-tectonic interaction. biotic
evolution. ores and minerals- forming processes; glacial
dvnamics, fluvial system, geo-hazards (landslides, flash
floods, avalanches. earthquakes), geo-resources
(minerals, ore bodies, hydrocarbons, cold/hot springs},

anthropogenic impact, ete. towards the well-being of

the population and safeguarding the properties and
structures in the Himalaya and adjoining arcas. The
Institute undertakes research work on the above themes
based not only on field observations, but also on
analysis of data using sophisticated instruments and
modeling of different sets of data on structural geology,
petrology, geochemistry, paleontology, blostratigraphy,
sedimentology, glaciology, hydrology, seomorphology,
engineering ceology, seismology, sravity & magnetie,
seismic, well logs, environment & engincering geology,
quaternary geology, and remote sensing.

The institute has advanced analytical facilities,
including Laser Ablation Multi-Collector Inductively
Coupled Plasma Mass Spectrometry (LA-MC-ICP-
MS), Inductively Coupled Plasma Mass Spectrometry
(ICP-MS), Stable Isotope Mass Spectrometer, X-Ray
Fluoresnece Spectrometer (XRF), X-ray Diffraction
(XRD). Raman Spectrometer, Thermoluminescence/
Optically Stimulated Luminescence (TL/OSL), and a
Magnetic Susceptibility meter, all managed by
competent scientists and technicians. It also houses
state-of-the-ort laboratories for pgeophysical data
acquisition, processing, modeling, and interpretation.
These facilities zerve WIHG scientists as well as
rescarchers from universities, institutes, and
organizations. The institute operates a seismological
network comprising 80 Broad Band Seismographs and
15 Accelerographs across Himachal Pradesh,
Uttarakhand, Punjab, Haryana, Arunachal Pradesh,
Jummuo & Kashmir, and Ladakh, Additionally, about 14
GPS instruments are installed in Himachal Pradesh,
Uttarakhand, Jammu & Kashmir, and Ladakh. The
institute also runs a "Multi-Parametric Geophysical
Observatory (MPGOY in Ghuttu, Uttarakhand, to study
earthquake precursors in the Himalayan region. Further,

the institute offers consultancy services for geo-
engineering projects, groundwater surveys, natural
hazards. and road/rail alignments in the Himalaya and
neighboring areas. The institute is also menitoring 13
Himalayan glaciers.

The Institute is a national center of excellence for
Himalayan geoscience education and research. It
emphasizes nurturing voung and dynamic talents to
achieve a high level of competency through its Ph.D.
programs. The Institute also provides traiming in
different fields of Earth sciences to students of
colleges/Institutes/Universities. The institute maintains
a modern geological muscum that showcases rocks,
minerals. and fossils across various regions of the
Himalaya. It conducts outreach programs for seience
education and geo-hazards awareness and organizes
popular lectures and National/International seminars.
Additionally. the institute engages in eollaborative
research with various universities, industries, and other
institutes focused on Himalayan geosciences.

Ongoing research activities are focused on
"Characterization and Assessment of Surface and
Subsurface Processes in the Himalaya (CAP-Himalaya):
Implications on Geodynamics, Seismogenesis, Bioevents,
Paleo-climates, Natural Hazards, and Natural Resources
for Sustainable Development”, The research program
planned for the year 2024-2025 has been grouped into
11 programs or activities. The themes and significant
outcomes from each activity are summarized below.

Activity 1A: Geodvnamics of Indo-Eurasian
collisional zone and crystalline thrust sheets: crustal
evolution, carbon sequestration and economic
mineralization

The Indiz-Eurasia collision zone is a key geological
teature that help us understand the timing, geometry.
and tectonic processes involved in the formation of the
Himalaya and the broader collision system. It marked,
by the presence of deep earth chemical foot print
forearc setting and indicates nop-uniform tectonic
uplift. The idea about the early subduction aceretion,
study the remains of plume lithosphere interaction and
knowing the behaviour of ancient crust has added the
extra impetus on the global scale collisional event.

Activity 1B: Mantle upwelling, fluid circulation,
metasomatic processes-Implications on fluid-rock
interaction

The Higher Himalayan Crystalline Sequence (HHCS)
in the Dhauliganga Valley, Garhwal Himalaya,
experienced at least 15% partial melting during the
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Cenozoic Himalayan metamorphism. There are
evidence supporting the existence of a metamorphic
sole within the Spontong ophiolitic mélange. The
exhumation of the Himalayan metamorphic core 15
interpreted to have been accommodated by simple shear
along the Jhala Normal Fault and Main Central Thrust
zone, Water chemistry of the Ganga. Alaknanda and
Bhagirathi rivers indicate continuous weathering of the
surrounding lithology of dolomitic limestone, metabasaltic
rocks, slates, phyllites and clay minerals in the sediments
and contribute the water chemical compositions. We
could develop LA-ICPMS and LA-MC-ICPMS enabled
zircon geochronology with 20- to 60-pm laser spot sizes.

Activity 2A: Development of Machine Learning
approach to geoscientific data from Himalaya and
adjoining region

Under this activity, the group developed and computed
tectonic subsidence curves using borehole stratigraphic
data from the Upper Assam Basin to investigate its
tectonic evolution. This moedelling approach allowed
quantification of the total subsidence experienced by
the basin over time. The seismic attribute-assisted
machine learning workflows have been designed and
implemented utilizing  high-quality seismic data to
interpret the subsurface sedimentary environments
effectively. The group interpreted the geometry and
disposition of basement structures using advanced
seismic attributes and ML-assisted workflows, These
methods. applied across the upper shelf regions of NE
India, can be adapted fot seismic interpretation in other
global onshore and offshore sedimentary basins, The
group also conducted geological feldwork to validate
subsurface interpretations through correlation with
surface exposures and outerops.

Activity 2B: Geometry and rheological assessment
of the MHT, lithospheric flexuring - Implications
toward seismogenesis, deep earth processes

The stress patterns elucidated within the western part of
the India-Eurasia collision through stress tensor
inversion of focal mechanism reveal underthrusting of
the Indian plate through complex tectonics by dominant
compression stresses with evidences of normal, strike-
ship, and oblique fault mechanisms, We detected Hales
discontinuity at a depth range of ~54-78 km in northeast
India. Receiver function study reveals an increase in
crustal thickness from ~29 km in the IGP to ~38 km in
the Higher Himalayva, with a sharp change (—47-53 ki)
nedr the Jwalamukhi Thrust. High Vp/Vs in the IGP s
due to the presence of mafic crust and surface
sediments, while high Vp/Vs bencath the Higher
Himalaya indicates the effect of voleanic rocks and
partial melt zones. Magnetotelluric investigations along

the Mahan-Kaurik-Chango transect indicate a flat-
ramp-flat geometry of the Main Himalayan Thrust
beneath the higher Himalaya. Seismic and radon
anomulous signatures are utilized to monitor surface
dynamics of the hazardous 2021 rock-ice avalanche in
Chamoli, Uttarakhand. The multiparametric
abservation results suggest a gradual progression of
rock/joints, subsequent material creep and slip
advancement acceleration preceding the final failure.
The carthquake scaling relations obtained through
waveform inversion for the Garhwal Himalaya, are
wseful for earthquake hazard modelling: A seismic
attenuation model has been developed for the NW
Himalaya using 2,716 earthquakes (Mw 2.5-5.0) for
seismic hazard assessment; estimated Qe Qu.and Qf to
assess structural heterogenenty and depth-dependent
attenuation.

Activity 2C: Seismicity and Seismic Hazard
Assessmentin the Himalaya

The group analysed the crustal state of the Uttarakhand
Himalaya wusing three-dimensional attenuation
tomography. which identifies a highly attenuated layer
in the upper crust that varies from ~ 10 km depth in the
Garhwal and -~ 5 km in the Kumaun region.
Significantly variable sedimentary laver thickness was
delineated beneath the Chandigarh—Ambala region in
IGP, with thickness changes from 2.0 to 3.0 km. The
shear-wave velocity contrast across Moho (M) varies
from 0.7 knv's 1o 1.0 km/'s across the Himalayan region,
The scaling relation between 8fM and H is positive,
which indicates the thick crust associated with a high
M meaning that the presence of a low-velocity
muterial may be fluid at the lower erust beneath the
Himalayan region. Unlike Northwest Himalaya, where
the dominance of selsmicity is up to the depth of
decolloment and upper crust (25-30km), in the Eastern
Himalayan sector. it is deeper, up to 60 km.

Activity 3: Biotic evolution with reference to Indo-
Eurasian collision, evidences for global events

The absence of modificd radial enamel in the incisors of
cf. Progonomys, cf. Democricetodon and cf. Savimys
suggests that these rodents plausibly consumed a soft
diet comprising leaves, Howers, seeds, fleshy roots, and
insects, while the presence of specialized three-layered
Schmelzmuster in the incisors of cf. Tamias suggests
thiat the rodents may have preferred a diet composed of
relatively harder parts such as acoms. walnuts and
hazelnmuts, The group quantitatively reconstructed the
climate of the Laisong Formation using fossil leat
morphological traits deposited during the late
Eocene—carly Ohgocene, The reconstruction suggests 4
mean annual temperature (MAT) of 25.3 + 2.3 *Cand a
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cold month mean tempetature (CMMT) of 192 &+ 3.5
°C, Nannofossils from the Upper Bhubhan Formation
of the Surma Group suggest middle Miocene.

Agctivity 4: Climate variability and landscape
responses in selected transects in the NW and NE
Himalaya

Sedimentological analysis from the Meso-to
Neoproterozoic Rautgara Formation, Lesser Himalaya,
wentified products of six different paleocnvironments,
probably deposited in a barrier to back-barrier
nedarshore setting. Highly regular transition between the
adjacent environments supports a stable barrier system
that does not back-step sigmficantly in the back barrier
area. Millennial-scale changes of the Indian monsoon
wre primarily driven by solar insolation and the North
Atlantic Oscillation. However, this relationship is non-
linear. The deltaic sequence in the Pangong Tso exhibits
characteristics of Gilbert-type  deltas, reflects  the
history of lake-level fluctuations, and shows strong
source-to-sink connectivity, which responds rapdly to
changes in sediment supply and accommodation space,
Multi-proxy data of the 85 Tso Lake sediments from the
Spiti reveal the Late Holocene climate variations and
their linkage with solar forcing, which impacts the
regional environment. Centennial-millennial scale Late
Cuaternary climate and environmental changes are
revealed by multi-proxy data from the Lahaul-Spiti
Himalava, showing warmer and more humid conditions
in the older period. The first micro-spectroscopic study
of aerosols from the Gangotri Glacier Valley reveals a
complex mix of carbonaceous aerosol. oxidised
organies, and trunsported dust, which is eritical for
understanding their role in glacial melting and regional
climate change. A 185-year-long tree ring-width
chronology of Picea smithiana from the Lahaul region,
Himachal Pradesh, reflecting February-March
precipitation, captured the highest indices during 1951-
1961CE and the lowest in 1858-1868CE, showing
wettest and driest periods respectively. in the entire
series.

Activity 5 Geological and geomorphic controls on
landslide for risk assessment and zonation in the
Himalaya

Fault trace along the Main Boundary Fault 1s mapped in
the Giri River Valley that stretches about 25 km in
length and trends almost cast-west. Fault scarps, lincar
valleys. and sag ponds are associated with the fault
trace. The fault scarps dip south and slickensides are
obszerved in the fault plane, In the Sataun area, the Main
Boundary Thrust, Main Boundary Fault and splay faults
are closely spaced within Tkm, This zone is severely
affected by landslides, and the main factor for slope

instability is structural and geological conditions,
supplemented by toe erosion. Advanced deep learning
technigques for landslide detection, utilizing attention-
enhanced YOLO and GELAN models. combined with
geospatial mapping of landslide susceptibility via AHP
and Frequency Ratio methods in the Tehri region,
provide a comprehensive tool for hazard assessment
and risk mitigation in the Himalaya.

Activity 6A: Glacial dynamics, glacier hydrology,
mountain meteorology and related hazard

Pensilungpa Glacier showed a net mass loss of <632 =
10°"m’ w.e, with.an ELA at 5251 m asl between 2023 and
2024, Maximum ablation oceurred between 45005000
m under thin debris (=10 em); thicker debris
(46004800 m) reduced melt. Parkachik River
discharge rose consistently, peaking at 23.67 = 10'm’ in
2023, Periglacial lakes near the Pensila Pass grew by
~60.53% (area) and ~ 7% (volume). and Proglacial Lake
near the Durung-Drung Glacier expanded by ~ 177% in
arca and 195% in volume (2004-2023). Durung-Drung
Cilacier retreated ~165 = 95 m (-21 = 12 miyr);
Pensilungpa Glacier retreated ~80 -2 35 m (— 10 +4 myyr)
from 2015 to 2023, The number of lakes rose by 1.9%,
and the area by 8.1% in Uttarakhand between 2013 and
2023, Lakes are concentrated above 4500 m; Chamoli
and Uttarkashi hold most lakes. First evidence of
geothermal melting at the Changmolung Glacier;
localised melt reached ~390 cn/year near geothermal
springs. SCA increased from 461.17 km® (2008-09) to
601.01 kot (2021-22) in the Kumaon Himalaya.
Seasonal shifts indicate changing snowmelt dynamics
and water availability risks. Panchachuli Glaciers
reveal three significant advances (mid-MIS 3, ~20 ka,
~5-8 ko) vig OSL dating, tied to global/regional climate
shifts. Upper Bhagirathi and Alaknanda Rivers emit
high CO, fluxes (88 and 175 gCO,m"d"); upstream
turbulence significantly enhances degassing.

Activity 6B: Hydrogeology-Himalayan Fluvial
System & Groundwaters

The group provided first insights into the geohydrology,
modelled subsurface hydrogeclogical features, and
determined elemental sources and quality
characteristics of groundwater in tribal parts of the
Dehradun district. In addition, Tectonics and its major
control on the sedimentary budget of the Himalayan
River basing were also evaluated in terms of the Teesta
River Basin, a unique Himalayan River basin with
sedimentary provenance in the Lesser Himalaya, The
records of Holocene erosion as obtained from a
sedimentary core from the Teesta basin suggest an
merease in the Lesser Himalaya sediment contribution.
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Activity 7: Quantification of strain accumulation/release
rate along Main Himalayan Thrust (MHT) at different
time scales

Paleoseismological evidence for segmentation of the
Main Himalayan Thrust in the Darjeeling-Sikkim
Himalaya (DSH)Y The DSH is a 150 km-long
independent segment bounded by a transverse ridge and
fault and has a recurrence interval of ~ 9491963 vears.
which is significantly larger than Nepal (-~ 700-900
wyears ) and Bhutan Himalaya (~339-T61 years). A new
zircon and apatite fission-track (ZFT-AFT)
thermochronological study has been carried out along
the Karakoram Fault (KF) zone in the Nubra Valley, SE
Karakoram, India. The ZFT ages range from 8.720.7 w
11.3+0.6 Ma, and the AFT ages range from 3.8+0.5 to
6.9+1.1 Ma, respectively. The calculated exhumation
rates using ZFT ages vary from -0.5420.04 to
0.66=0.04 mm yr -1 since ~9.87 Ma and for AFT ages
from ~0.5840.1 to 0.68£0.11 mm yr -1 since ~4.8 Ma.
Five significant geological heritage sites were identified
for conservation! Five peoheritapge sites located in five
different geological terrains in the Indian states of
Odisha, Rajasthan, Uttar Pradesh and Uttarakhand,
which are significant for geoscience education, and
have scope for the development of “geotourism”™, were
suggested for conservation for the forthcoming
generations of geoscientists, researchers, students and
science enthusiasts, in addition to growth and
development of the local tourism: The Himalayan
Metamorphic Core (HMC) extruded by simultaneous
Mid-crustal channel flow and in-sequence thrusting
from the Oligocene to early Miocene implying strain
partitioning within the mid-crustal channel, From the
Miocene onwards, SSW-ward extrusion of the HMC
occurred as a tectonic wedge,

Academic Pursuit

The Institute researchers published 117 research papers
in peer-reviewed SCT journals, 5 book chapters, 1 field
excursion guide, and 5 technical reports in 2024-2025.
The Academy of Secientific and Innovation Research
{ AcSIR) at WIHG takes the initiative in educating Ph.D.
scholars through experienced scientists of the Institute,
A total of 10 research scholars were awarded the Ph.D,
degree. and 4 theses were submitted by the scholars for
the award of the Ph.D. degree. The Institute had the
privilege to organize (i) A one-day workshop on

“Climate change, Natural Disasters. and Eco-System of
Himalaya™ during the Himalaya Diwas on September 9,
2024, which was attended by over 200 participants from
different research/scademic institutes, state disaster
management departments, universities/colleges of
Dehradun, army personals, engineers, research scholars
and students, (i) Industry Immersion Programme under
Capacity Building Commission, Government of India
was organized on September 17-18, 2024 at Wadia
Institute of Himalayan Geology, Dehradun to provide
exposure 10 Department of Science & Technology
(DST) officials on WIHG schemes, functioning and
laboratorics, and (iii) 8" National Geo-Research
Scholar's Meet at Shree Mata Vaishno Devi University
(SMVDL) in Katra, Jammu & Kashmir. during
November 22-25, 2024 which was attended by about 60
research scholars from different organizations across
India.

The scientists of the Institute were recognized by
awards and felicitations on various platforms. Dr, Som
Dutt received the Dr. J.G. Negi Young Scientist Award
2024 wm LGUL and Dr. Panka) Chauhan was jointly
awarded CDRI (Coahtion for Disaster Resilient
Infrastructure) Fellowship tor the year 2024-25, funded
by national governments and UN agencies.

Other Highlights

The institute participated and displayed its scientific
exhibits at various forums in different parts of India, The
Institute participated in the India International Science
Festival (1I8F) 2024 held at II'T Guwahati, Assam
during November 30 - December 3, 2024, The Institute
organized several awareness programs related to
carthguakes and other geohazards tor school children
and the common people. The Institute strictly followed
the Rajbhasha guideline and took various steps 1o
promote the use of Hindi in routine office work as well
as in Scientific Rescarch publications. The Hindi
Pukhwara was celebrated during September 14-30,
2024, The Annual Report of the Institute for the year
2023-24 was published m bilingual form (Hindi and
English), along with the in-house Hindi magazine
Ashmika, The Institute has its biannual (January and
July) tlagship scholarly journal "Himalayan Geology',
which publishes original rescarch contributions on
several aspects of earth science about the Himalaya and
otherregions.

Vineet Kumar Gahalaut
Director
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RESEARCH ACTIVITIES

Activity: 1A

Geodyvnamics of Indo-Eurasian collisional zone and
crystalline thrust sheets: crustal evolution, carbon
sequestration, and economic mineralization

fBarin K. Mukheriee, Paramjeet Singh, Froatap
Chandra’ Sethy, Hivedva Chanhan, M. Rajenikamnta
Singh cared Kuinelor Buedfre)

Reverse Zoning in Spinel from Kurzok Chromitite

In the ophiolite section. spinel in chromitites is the most
stuble and highly resistunt mineral. They are therefore
usually identified as the best container to retain the past
chemical entity which bears the signature of deep Earth
histories. In the mantle section of the Kurzok ophiolite,
NW Himalaya, a small chromitite body of a~ 10 m long
pod hosted by peridotite rocks, 1s studied. Petrological
investigation of the chromitites manifests an
asymmetrical texture that compriscs occasional well-
developed octahedral crystals of spinels. The spinels
show both the homogencous and patchy zoning. that
characterised by Cr # varies from 0.78 to 0.9] in the
cores and rims. It displays Al and Mg content highat the
cares, accompanicd by Cr and Fe high at the rims. The
Raman shifts have measured on the spinels, show the
CrO stretching region at 691em ' to 708 cm”’. The most
intense peak at 698 em” is identified as the symmetric
stretching vibrational mode of (Mg, Fe) Cr.O,. The
broadening of the peak of Al g mode and shifting of the
peak to higher wavenumber at 748 em’ obscrved as a
resull of increasing the proportion of Al in response to
increasing pressure, have identified the formation of
FeALD, The observed reverse zoning in the spincls
with the characteristic Raman shifl at 1061 em™ and
3681 cm’, register the appearance of nominally
anhydrous mantle mineral. The study provides
important lead to the spinel formation. which likely
coexist with the garnet phase at very high pressure,

New L-Ph age from Bandal Granitoid

To understand the Paleoproterozoic magmatisim and
tectonic setting of the northern margin of the Indian
block. and their possible connection with the Archean-
Paleoproterozoie Aravali-Delhi-Bundelkhand (ADB)
craton of NW India, U-Pb zircon geochronological
studies from the Bandal Granitoids Complex (BGC) in
the Himachal region of the northwest Himalaya has
been carried out (Fig. ). The U-Pb zircon age obtained
from the three granitic gneisses samples of the BGC

granitoids ranges from ~1.92-1.88 Ga und ~1.86-1.85
Ga with a few inherited older ages of -2.45-2.33 Ga.
Zircon prams are relatively small (50-200 pm),
cuhedral, and zoned with inclusions (CL images in
figures 2e, g). The Pb/U ratio is > 0.1, which sugpests an
igneous origin ( Hoskin & Ireland, 2000; Rubatto, 2002;
Kirkland et al., 20015), A total of 109 spots have been
identificd in the zircon cores and rims for U-Pb ages,
Sample BD-2/2 yields the age range of 1377.6 = 21.0
and 3070.0 = 70.0 Ma. BD-9/2 yields the age range of
1787.0 £ 19.5 Ma and 27800 £ 95.0 Ma, and BD-9A
yiclds the age range of 1817.0% 185 and 3230.0 £ 12.5
Ma (Fig. 2). All the concordant to discordant ages are
filtered up to 20% and overlapped with each other, The
older component represents the protolith age of zircons
of the BGC granites of the northwestern Himalaya,
Whereas, the younger age component of ~ 1860 Ma is
mostly present in the zircon rims, Bused on the U-Pb age
results, it is inferred that the Paleoproterozoic
magmatisi oceurred along the north margin of the
Indian continental block and experienced subduction-
accretion between —1.92—-1.85 Ga, followed by the
crustal extension around 1.80 Ga. Moreover. the zircon
age data compared with the ADB craton sugeest that it
was # continuous magmatic event that occurred
between ~2.10-1.85 Gaalong the noerthern margin of the
Indian block and related to the assembly of the
Columbia supercontinent.

Remuins of plume=lithosphere interaction in the
mafic rock of the Himachal Himalaya

The Northwest Himalayan region has a record of several
phases of mafic magmatic activity spanning from
Precambrian to Cenozoic in a dynamic tectonic setting.
Here, we siudied detailed petrography and new whole-
rock geochemistry of mafic voleanic and dykes from the
Nugrota-Kathindi Seetion (NKS), Himachal region of
the NW Himalaya, to understand the petrogenesis and
possible tectonic setting. Both rock types bhave
comparable mineralogical compositions
(clinopyroxene + plagioclase + actinolite-tremolite +
chlorite + iron oxides + hornblende = epidote = quartz =
carbonates) overprinted by greenschist to  lower
amplubolite facics metamorphism. The mafic voleanic
and dvkes of NKS exhibit sub-alkaline basalls to
basaltic andesites and a typical tholeiite compositional
character, The chondrite-normalized rare carth clement
pattern exhibits similar LREE enrichment and strong
HREE fractionation, whereas Primitive mantle
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Fig.1: (a) Geological map of Himachal Pradesh, NW-Himalaya showing the tectonic setting of the present study areas
{Modified after Thakur, 1992; Bharoava & Bassi, 1994 Singh etal,, 2021: Valdiva, 1980), the rectangular box indicates
the present study area. (b Detailed peological and fectonie settimg of Kulu-Largi-Rampur window and locations of
vollected samples from the Bandal Granitoids Complex (BGC) region of Himachal Himalayas (modified after Sharma,
1977; Sharma & Rashid, 2001 ; Rashid & Sharma, 2001 ). Black colourcircle shows the sample locations.
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images. MSWD—mean square weighted deviation.

normalized multi-element patterns show pronounced (<l1), similar
and HFSE concentrations and pronounced negative Nb, Zr, P and

LILE enrichment of Rb, Ba, Th, LREE

depletion of Nb, K, P and Ti. The Zr-Y-Nb-Th
relationships indicates that both the rock tvpe were
derived from the plume source whereas, low Nb/La
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lithophile element
Ti anomalies suggests that components other than

mantle plume must have been involved in the generation
and evolution of both the rock types 1.e. most likely
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area hos a diagonal trend, indicating that the source of their magina was an enriched plume that interacted more with the
SZLM than dykes, which were primarily formed from the plume source. MORB: mid-ceean ridge basalt, N-MORRB:
normal mid=ogean rdge basaly, E-MORB: enriched mid-ocean ridge basalt, O1B: ocean island basalr, CAB; continental
arc basalt, LAB: island arc basalt, OPB: oceanic plateau basali, SZLM: subduction zone-modified lithospheric mantle;
(B Melting temperature (<) versus pressure {GPa) caleulated from primary magma composition estimated using major
element moelecular species defined by Lee et al, (2009}, The P-T cstimates for NES voleanmic rocks show a magma
temperatore range of 1392-1419%C, pressure 0f 2.1 GPa, and lic in the MORB-OIB interaction zone whereas, dykes have
u larger temperature range of 1517-1573°C and a pressure range of 2.6-3 .2 GPa. which is comparable (o Howarian basalt
formed by plumes. Range of melting termperature and pressure for mid-oceanic ridge basalts from East Pacific Rise and
Mid-Atlantic Ridge, and ocean island basalis from the Hawaiian hotspot caleulated by Lee etal, (2009) i also shown for
comparison, The thick dark line and thin dotted grey line representing dry lherzolite solidus and melt fraction isopleths
respectively are from Katz et al, { 2003). Dark continuous ¢arved armays represent melting adiabats (from Lee etal., 2004},

Mantle potential tempernture for MORB (Tp ™™ ) and OIB (Tp

plume and sub-continental lithosphere mantle { SCLM)
interaction, The genesis of parent magma for the NKS
voleanic and dykes were derived by 4-6% and 10-20%
partial melting from spinel+garnet lherzolite stability
field. The majority of the studied samples correspond
spinel+garnet  peridotite . melting on  (Gd/Yb), vs.
Cat/ALO, diagram thereby corroborating residual
garnel in the mantle restite; All the basalts and dykes
from the NK section did erupt/intrude in an
intracontinental rift setting based on geochemical
diserimination. The Key petro-tectonic processes
attributed to the formation of these rocks are as follows:
(i} the melting of the ascending plume by adiabatic
decompression: (ii) the partial melting of this plume-
SCLM source in the melting regime, which produces
basaltic magma with a tholeiitie composition: and (i)
the release of heat that provides the thermal condition
for melting of SCLM and interaction between

“"y are also taken from calculations by Lee et al. (2004,

upwelling mantle plume and subduction metasomatized
SCLM {Fig.3).

MNature of pre-existing continental crast

The Bandal Granitoid Complex (BGC) constitutes the
core of the Manikaran Formation within the Kulu-Larji-
Rampur tectonic window in the northwestern
Himalaya. This complex comprises a polyphase suite of
granitoids intruded into the metasedimentary  and
metavoleanic assemblages of the Lesser Himalayan
Crystalline Beli. Field observations, petrographic
features, und geochemical signatures collectively
indicate the composite pature of these granitoids and
their emplacement within a tectonically dynamic
regime. Geochemically, the BGC samples display
variable strontium (Sr) concentrations ranging from 37
to 392 ppm, low ytirium (Y') contents (2342 ppm), and
high rubidium (Rb) abundances between 177 and 511
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Fig. 4: N-MORB-normalized (after Sun & MceDonough,

F9R9) trace-clement pattemn of the BGC graniioids,
Himochal Pradesh,

ppm. The Rb/Sr ratios, spanning from (.67 te 10.08,
reflect significant magmatic fractionation. When
normalized against N-MORB values (Sun &
McDonough, 1989), the BGC granitoids exhibit marked
enrichment in large-ion lithophile clements (LILEs),
including Rb, Th K. Ba, and Pb, and depletion in high-
field strength clements (HFSEs)suchas Nb, Sr. Pand Ti
(Fig. 4). The presence of strong negative anomalies in
Ti. Nb, Sr, and Zr. coupled with elevated LILE/HFSE
ratios, sugeests derivation froma sedimentary protolith
and points 1o a pest-collisional or extensional tectonic
environment, likely involving the remelting of pre-
existing continental crust,

Evidence of Intra Oceanic Island Are in Galibro

Supra-subduction zone (SSZ) ophiolites are significant
in unravelling the source composition, cxtent of
Auid/melt interaction in the mantle wedge, and thereby
the tectonic history of the subdugtion complex (Dilek &
Furnes, 2019). Clinopyroxene is an important
crystallizing mineral phase in mafic-ultramafic rocks,
and preserves crucial information about the parental
mantle source composition (Batki et al., 2018; Li et al.,
2020). Its compositional variation depends on the
tectonic setting of the host magma related to the
ophiolite sequences (Nisbet & Pearce 1977; Beccaluva
et oal, 1989; Nayak & Pal, 2021). It has been
demonstrated that the clinopyroxene mineral chemistry
can be used as a proxy for determining thermo-
barometry, petrogenesis. and tectonic setting  of
ophiolites (e.g.. Nisbet & Pearce, 1977: Leterrier et al.,
1982; Beccaluva et al., 1989; Yaliniz & Goncuoglu
2000; Moazzen & Oberhansii, 2008; Ovungetal., 2018;
Bamesetal., 2020: Vind etal.. 202 1; Khare et al., 2022 ).

In low-grade metamorphosed rocks, the magmatic
signatures of clinopyroxenes are well preserved, and
usually remain unchanged (Fodor & Thiede., 1977;
Beccaluva et al., 1989). High-Ti clinopyroxenes
generally occur in the mid-ocean ridee, back-arc basin,
and Fe-depleted magmatic environments (Nishet &
Pearce, 1977; Beccaluva et al. 1989), while low-Ti
clinopyroxenes are associated with the intra-oceanic
island are magmatism above subduction zones
(Becealuva et al., 1989). In clinopvroxenes. Aland Ti
concentration generally increases from tholeiitic 1o
per-alkaline magmatic affinities (Le Bas, 1962). In
addition, clinopyroxene exhibits systematic and
subtle chemical differences related to crust-mantle
processes, melt-peridotite interaction. host magma
composition, and tectonie affinity (Leterrier et al.,
1982, Beccaluva et al., 1989: Putirka et al., 1996:
Yogodzinski & Kelemen, 2007; Chen et al., 201¥;
Vind etal., 2021).

In Ladakh Himalaya, Late Jurassic to Early
Cretaceous ophiolites are exposed along the Indus
Suture Zone (I1SZ) representing remnants of the eastern
portion of the Neo-Tethys Ocean (Ahmad et al,, 2008;
Bhat et al., 2019, 2019%b; Buckman et al, 2018),
Although, extensive whole-rock geochemical data is
available on the ophiolitic rocks of the westerm Ladakh
viz., Dras, Thasgam, Suru Valley, Shergol ophiolitic
slices (e.g,, Bhat et al, 2019a, 20196, 201%¢c, 2021,
2023) however, limited studies are available on the
mineral chemistry to understand the petrogenesis and
tectonic affinity of the host ophiolitic rocks. In western
Ladakh, the Thasgam ophiolitic gabbro offers distinct
insights into the geodynamic evolution of S5Z
magmatism. In the Thasgam ophiclitic gabbros, the
clinopyroxene composition is characterized by lower
concentration of Ti0Q, (0.18 to (.31 wt.%), and ALO.
(1.74 10 2.51 wt.%), and higher concentration of CaO
(21.2 o 24.5 wi%), MgO (153.5 to 164 wi%). These
clinopyroxenes reveal restricted compositional range
from Wo,,. ..., En, i, and Fs.,, ., indicating limited
degrees of iron ennchment. They show diopside
compositional affinity in the Wollastonite
(Wo)-Enstatite (En)-Ferrosilite (Fs) pyroxene temary
classification disgram similar 1o Thasgam ophiolitic
pyroxenites (data after Bhatetal., 2021). In comparison,
the MNidar ophiolitic gabbros (data afier Nayak & Pal,
2021), and Shergol ophiolitic gabbros (data after Bhat et
al, 2019c) along the ISZ shows more augitic
compositions, Due to lower TiO. concentration in the
studied clinopyroxenes, we designated them as low-Ti
clinopyroxenes.
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The progressive crystallization of clinopyroxene
from a magma is reflected in the variation of it
elemental concentrations with respect to the
fructionation index i.c., MgO. In MgQ versus Si° . Al
Ti", Cr',Fe", and Ca’ binary plots (Fig. 5) the studied
clinopyroxene composition shows an overall coherent
linear magmatic trend thereby indicating their
magmatic nature with least probability of post-
magmatic alterations. In MgO versus Si, Al, Ti, Cr, and
Fe plots, the studied clinopyroxene shows slightly
decreasing trend indicating an overall deerease of these
clements in clinopyroxenes and their host magma with
progressive clinopyroxene crystallization. While in
MgO versus Ca plot, clinopyroxene shows an
increasing trend reflecting Ca enrichment in the host
magma during clinopyroxene crystallization.

In mafic rocks, the clinopyroxene composition is
primarily controlled by the composition of host magma

(Brown, 1967). According to Leterrier et al. (1982).
clinopyroxene mineral composition such as Ca, Ti. AL
Si, Mg, ete. can be used to decipher the tectonic setting
of the parental magmas. The hgh CaD, and MgO
concentrations along with low TiQ, and ALQ,
concentrations of the Thasgam gabbro clinopyroxenes
reflect their derivation from depleted mantle sources
{Pearce & Norry, 1979; Hebert & Laurent, 199(). In
addition, the presence of low-T11 contents in the studied
clinopyroxenes from the Thasgam ophiolitic gabbros
reflect their origin in a SSZ setting (Beccaluva et al,
1989,

The activity of an element in clinopyroxene
crystallizing from magma is proportional to that in the
mel, The orogenic rocks, Le. the subduction zone
rocks, are depleted in Ti and Cr, while magmatic rocks
from mid-ocean ridges, continental rifts, and passive
continental margins are enriched in Ti and Na ( Leterrier
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Fig. 5: Binary plots of Mg0 versus Si; AL Ti, Cr Fe™,

anid Ca for clinopyroxenes from the Thasgam ophiolitic gabbros.




Annual Report 2024-25

1=Mm —
I P e |

I Carter Lasoes Harmala i

fral synch

ol ‘.‘

[-t-wmb._-l!uﬂ
B e Lisviete Himsaliga

[0 vz e

| ) PG EacambiianEaty Pt

| 50 et i W iy ot o e fuiag |
|10 e et

i Sornpe locanion of phesphono

Fig. 6 Geologieal niap of the a) Uttarakhand state, and by Mussoorie region, Lesser Hunalava (Valdiva, 1980; Ghosh et al.,

1991),

Fig.7: Photomicrographs of Fluid inclusions in gypsum: A, The gypsum erystal morphology with inputs of needle-shaped (Ns)
inclusions from the ewrrent study. a, b, ¢, d, show the re-entrant (R) angle and twin plane of gypsum with Ns inclusions. e,
Pseudosecondary inclusions (Ps) along the plane. 1k, Fine neddle-shaped inclusions (Fns) of liquid <vapor of agueous

vomposition. g, Tabular agueous inclusions and its h, Laser Raman spectra of the flwid inglusion,

ﬁ.
>
-
ot
|
&=
-
Pt
o




g
=
-
-
e
5]
-
]
=1
-
o
"J:.
<
=

Annual Report 2024-25

el al, 1982). Also, higch MpgO content in these
clinopyroxene is consistent with pyroxene
compositions reported in other ophiolite complexes of
island arc affinities (De Barn & Coleman, [989)
Further, low-Ti clinppyroxenes from the Thasgam
ophiolitic gabbros are comparable with the contiguous
ophiolites of Ladakh Himalaya, and therefore
highlighting the SSZ tectonic atfinity.

Lower Ti, and Al contents characterize these
clinopyroxenes. while higher concentrations of Mg, and
Ca supports derivation from a depleted mantle source,
typical of SS8Z tectonic environments. In addition,
recently published whole-rock geochemical study of the
surrounding ophiolitic rock types emphasizes the sub-
alkaline tholeiitic nature, with enriched large-ion
lithophile elements (LILE) and depleted high-field-
strength elements (HFSE), suggesting subduction-
related geochemical signatures (Bhat et al, 2021).
Therefore, the present petrographical and mineral
chemical study of the clinopyroxenes from the Thasgam
ophiolite gabbro aligns with the broader context of the
Ladakh Himalayas, where opluolitic remnants bear
similarities to intra-oceanic island arc subduction
system with in the Neo-Tethys Ocean,

Imprint of marine water in the Lesser Himalava
Gypsum

Gypsum formed in marine environments and fluid
inclusions (Fls) are a particularly helpful tool for
studying the depositional and disgenetic environment.
Microthermometri¢ analvses can provide mformation
about the temperatures of formation of minerals
precipitated in the marine environment unless the Fls
were changed after entrapment. Gypsum occurs in the
host rock shale and carbonate that is present in the Krol
belt, Lesser Himalaya, Sahastradhara (Fig. 6), In the
study area, gypsum comes in two varieties: anhydrite
und as translucent platy encrustations of wypsum on the
surface of shale.

The present study reported fluid inclusions in
gypsum ranging in size from a few pm to =300 pm as
clusters, isolated. and pseudosecondary trails (Fig. 7).
Fls present along the twin re-entrant angle and parallel
to erystallographic planes and primary Fls. They have a
low salinity ol 0.4-4.46 wi% NaCl eguivalent. The
Liquid to Vapour phase (L:V) ratio in biphase fluid
inclusions is variable. The present study shows that a
relationship exists between salinity and size of Fls: low
salinities occur in large Fls. This is interpreted here as a
likely alteration of FI contents during the crystallisation
of gypsuny. 11 15 inferred that gypsum precipitated from
a marine water body but secondary low-salinity fluids

were introduced into the primary Fls, altering the parent
brine composition.

Activity: IB

Mantle wpwelling, fluid circulation, metasomatic
processes:Implications on fluid-roek interaction
(Keoushik Sen, 8.8 Thakurn Saurabh Singhal, Aditva
Kharva, C. Perumalsamy, and Pramod Kumar Rajak)

The Badrinath Formation constitutes the structurally
upper part of the Higher Himalayan Crystalline
Sequence (HHCS) in the Dhauliganga Valley, Garhwal
Himalaya has undergone partial melting during the
Cenozoic Himalayan metamorphism. The study shows
that the partial melting of metasedimentary rocks in the
Badrinath Formation results initially  from  the
dehydration breakdown of mica as per the following
reaction ( Thompson, 1982):

Ms+ Pl+0Qz=Kfi+ Ky/Sil + Melt

The detailed thermobarometry study suggests that
the rocks of the Badrinath Formation have attained the
peak P-T condition of ~11.9 kbar and ~800 “C. The
petrological study shows that both muscovite and
biotite have participated in the dehvdration reaction.
The following mici dehydration reactions have been
suggested for the partial melting inthe HHOS rocks:

Ms+ Bt+ Pl + Qz = Kfs + Grt + Melt (Le Breton &
Thompson, 1988)

Ms + Bt + Pl + Qz = Kfs + Ky/Sil +Grt + Melt
{Pickering & Johnston, | 994)

The dehydration melting in the rock is considered to
have resulted from prograde heating in the stability field
of kyanite. The muscovite dehydration melting was
followed by the hiotite dehydration melting during
prograde metamorphism. The P-T pseudosection
modelling suggests that the metapelites of Badrinath
Formation have undergone at least ~15 vol% of partial
melting (Fig. 8).

The development of LA-ICPMS and LA-MC-
ICPMS enabled zircon geochronology with 20- to 60-
pum laser spot sizes. Due 10 complexly zoned zircons,
U-Pb dating at smaller sizes is essential. However.
reducing spot size increases downhole fractionation
(DHF), leading to inaccuracies. This work aims to
determine ages with resolutions below 20pm using MC-
ICPMS's high sensitivity, Zircon standards (91500, GI-
1. and Plefovice) were tested with smaller spot sizes.
Optimization of laser settings and shot ¢ounts reduced
the DHF effect. Static ablation at 35- to 15-pm spots
with 150 shots achieved less than 1.5% precision and
less than 2% age offset, At |0pm, DHF resulted ina 4%
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Phase diagrams for sample HH31 {Badrinath Formation) in the MoNCEKFMASHTO system. Oxide mole proportions

used arer Si0, =62.45, TiO. =087, ALO. = 12.64, FeQ =T7.27, MnO = 0.083, MpO = 5.56, Ca0) =0.50, Na,0O0 = 0,98, 1.0
=372, H.O="T.00, 3, = 030, (a) P-T pseudosection with solidus marked by thick, black dashed line. Peak assemblage is
shown in bald letters, Ms-in and Ms-out ling is shown in red ling; (b) Isomode contours of Melt in vol%h.; please see P-T
values measured for core and rim compositien of garnet sing isopleths intersection method.

age offset. Masking shot counts improved accuracy,
especially at lewer counts. With 75 shots, precision
improved to 1.4%, and age offsets for "Pb/™"U reduced
to 1.6% (Fig. 9). This method minimizes shot counts to
avoid sampling multiple age groups. though DHF
variability at smaller sizes may affect results.

All U-Pb zircon data of the Kausani Granite Gneiss
within the inner Lesser Himalayan Sedimentary Zone
{ILHS) is modelled for obtaining the upper and lower
intercept lines: The upper intercept shows the peak ca.
1920 Ma (Fig. 10a). The 2-D map of likelihood shows
the Pb-loss event 45 Ma to the recent time indicated by
the blue region of the map which corresponds to ca. 1920
Ma upper intercept (Fig. 10b). The Ph-loss event is
prolonged due t different activity of the Himalayan
Orogeny at this time.

The study provided new evidence supporting the
existence of 4 metamorphic sole within the Spontong
ophiolitic mélange. We utilize thermodynamic
modeling and fluid inclusion studies, alongside

petrographic and mineral chemistry analyses, to
investigate a selection of mafic rocks that have
undergone varying degrees of amphibolite facies
metamorphism,

The rocks exhibit a range of reaction textures, such
as hormblende encasing clinopyroxene, along with some
plagioclase, which corresponds to hydration processes.
The reaction can be represented as:

Cpx+Pl+Hz O=MgHbl+Ilm+Qz.

The results indicate that water-rich conditions were
previalent during the metamorphism of mafic pabbro.
Phase equilibrina modeling of the analyzed samples
teveals that the peak metumorphic evenl occurred
during o hydration episode al temperatures ranging
from 678 to 790 °C and pressures between 7.1 and 11.28
kbars (0.71-1.13 GPa), as well as at approximately
G40--670 "C under water-rich conditions (i.e., 2:5-3.2
mole% or (.7 wi% H.O).
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Fig.9: Percentage (%) offset of “Pb/™"U age versus %o difference in DHF for ""Pb/™*U ratio for primary standard (29 1500) and
unknown (Plesovice and GJ- 1) for (A) 35 wm, (B) 20 um, (C) 15 wm, and (D) [0 um, The uncertainty is 20 level.

The identification of two-phase aqueous-carbonic
mnclusions and carbonic inclusions suggests an imitial
gutectic temperature of approximately -56.6 °C,
indicating the presence of pure CO.. The isochores of
the H,0-CO, inclusions imply their formation at peak
pressure-temperature conditions of 10.9-7.1 kbar and
790-680 °C, while the isochores of the carbonic
inclusions indicate they were re-equilibrated in the
phase following peak metamorphism due to density
reversal. Additionally, two-phase aqueous inclusions
were trapped in quartz at 450 “C and 4.2 kbar,

TQ-ICP-MS 8900 is a leading-cdge analytical
instrument capable for meeting trace elemental
determination with high precision and accuracy. This
study incorporates the measurement of different level
clemental concentrations (0.0]1 ppb. 0. 1pphb, 1ppb, 10,
100 ppb) CRM standards the batch calibration and
validation by using MassHunder 5.2 software. By
utilizing tuning gas cell modes, including on-mass and
mass-shift modes, we demonstrate the effectiveness of
He,Hz .and Q2 ininterference mitigation, The use of
"R as an internal standard further corrected for matrix
suppression and signal drift, significantly enhancing
data relinbility and reproducibility. The objective of this
study includes, 1) the accurate determination of REEs

mehuding Li, and Th with reduced interference removal,
it} the validation of SLRS-6 (pure water standard)
through CRMs and across diverse different river water
samples, and iii) the demonstration of the robustness of
ICP-MS/MS for routine REE analysis.

In this study, the rver water samples were collected
at Bhagirathi, Alaknanda and Ganga rivers at different
locations, where the numerous tributaries merging with
rivers. The pre-cleaned polypropylene (PP) bottles were
dipped at a few feet depth, collected the water samples
and sealed immediately, The water temperature, pH,
total dissolved solids and electrical conductivity (EC)
were recorded using s portable multi-parameter
instrument of water quality meter (DR 1900, Hach, USA),
The samples were stored in a refrigerator at 2'C and
processed within a week. In laboratory, the samples
were homogenized and filtered in 50 ml pre-cleaned
centrifuge vials using (0.22pm cellulose membrane filter
papers to avoid suspending particulate matters. The
filtered samples were acidified with 2% HNO, and
measured the major, minor and trace elements using 1CP
MS/MS (Agilent Technologies) at TQ-1CP MS Lab,
Wadia Institute af Himalayan Gealogy, Dehradun (India),
The alkaline nature, low TDS and high concentration of
elements (Ca>Mg=Na=K>Al>Fe>B>Zn>As>5r

10
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Fig. 10:(a) Likelihood plot for Ph-Loss model L -Ph age showing upper intercept and lower intereept, (1) The 2-D likelihood map
indicates upper intercept age ~ca. 1920 Ma with the Pb-loss event approximately 43 Ma(b).

>Ba>Rh) reflect the constant weathering of the
surrounding  lithologolegy of dolomitie  limestone,
metabasaltic rocks, slates, phyllites and clay minerals in
the sediments snd contribute to the water chemical
compositions.

The Himalayan metamorphic core exposed in the
Bhagirathi Valley of North India 18 charactenized by
three principil tectonic zones, The Main Central Thrust
zone (MCTz) defines the boundary between the
Palcoproterozoic Lesser Himalayan Crystalline rocks
and the Proterozoic to Cambro-Ordovician Greater
Himalayan Sequence (GHS). Superniorly. the High
Himalayan Discontinuity (HHD) separates the lower

inverted metamorphic sequence from the upper
anatectic portion of the GHS. The northernmost limit of
this metamorphic core is demarcated by the Jhala
Normal Fault (JNF). Microstructural analyses of quartz
throughout this metamoerphic core reveal that lower-
temperature dynamie recrystallization has overprinted
carlier high-temperature deformation fabrics, as further
indicated by prevalent prism (A) slip in quartz. Notably,
the strength of quartz crystallographic preferred
orientation (CPQ) 15 also maximal at these locations,
Vorticity analysis suggests a partitioning of
deformation, with simple shear dominating along the
INF and MCTz, while pure shear is inferred for the
remaining arcas. The exhumation of the Himalayan
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metamorphic core is interpreted to have been
aecommuodated by simple shear along the JNF and
MCTz. Furthermore, thrust propagation south of the
MCTz is proposed to have compensated for adjustments
in the Himalayan wedge taper angle resulting from
activity along the INF,

A research initiative focused on snalvzing 25
composite coal samples from Kalakot, Metka, and
Moghala in Jammu & Kashmir was conducted across
four institutions. At WIHG, Dehradun, the geochemical
components were analyzed using ICP-MS, XRF for
major oxides, XED for mineralogical analysis, and
TOC analysis to understand paleo-history, chemical
anomalies, and hydrocarbon potential of these and other
Cenozoic coal deposits in India. Simultaneously, the
Department of Geology at B.H.U., Varanasi, undertook
petrological analysis of the same 25 samples between
May 25 and Jume 16, 2024, focusing on vitrinite
reflectance, macerals, microlithotypes under white
light, and liptinite under fluorescence light.
Complementary geochemical analysis was performed
st CIMFR, Dhanbad, during the same period, where
proximate, ultimate, and Gross Calorific Value (GCV)
were determined using advanced instruments, Finally,
biomarker analysis of the 25 composite coal samples
was conducted at [ISER, Mohali, from September 18th
to October 2nd, 2024. This multi-faceted approach aims
to provide a comprehensive understanding of the
geochemical and petrological characteristics of the
Jammu & Kashmir coal deposits,
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Activity: 2A

Development of Machine Learning approach to
geoscientific data from Himalaya and adjoining
region

(Naresh Kumar, Privadarshi Chinmeoy Koemear, Bappa
VMukheriee and Sitender Kumar)

Tectonic Subsidence Modelling

Designed and computed tectonic subsidence curves
(Fig. 11) using borehole stratigraphic data from the
Upper Assam Basin to investigate its tectonic evolution.
This modelling approach allowed quantification of the
total subsidence experienced by the basin over time.
Overall, the basin experienced tectonic subsidence of
~2 km throughout its lifespan with an average
subsidence rate of -30 m/Ma. This case study
prominently elucidates the tectonic history of the basin,
which occured during the Cenozoie time. Our findings
stress the importance of subsidence analysis through the
backstripping technique as a potential approach for
untangling the geohistory of sedimentary basing
worldwide.

Seismic Attribute-Based Machine Learming (ML)
Workiflows

Designed and implemented seismic atiribute-assisted
machine learning workflows utilizing high-quality
seismic data to interpret the subsurface sedimentary
environments effectively,
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Fig. 11:(a) Average tectonic subsidence, and (b) average rates of tectonic subsidence over the genlogic time compiled from the
bnckstripped siratigraphic details of the studied boreholes, The standard ervoris highlighted using pmk vertical bars.

12




Annual Report 2024-25

 EREEERE I

i i F i FERN

Bipntal wkcs S Harad ndeeval |

Fig. 12:(a-b) Stratal slices from the Tipam and Barail intervals displayed for SOM Case | co-rendered with enerigy ratio similarity
attribute. The display highlights the presence of faolt networks (marked vsing solid black arrows); {c-d) Straial slices
from the Tipam and Barail intervals, displayed for S0OM Casc 2 vo-rendered with GLCM energy and energy ratio
similarity attributes. The model clearly highlights the geometry of several geomorphic features associated with the Fault-

bounded sediments within the interval of interest.

A series of seismic attributes, including
geometrical, spectral, amplitude, and GLCM-textures
(Grey Level Co-occurrence Matrix), are extracted using
high-resolution three-dimensional seismic data
acquired from the upper shelf of the basin, These
attributes are amalgamated into two different cases to
compute the self-organizing maps (5S0OM) models (Fig.
12} with an aim to highlight the subsurface structures
and reveal sedimentary deposits engulfed within these
structures. It is observed that the model SOM Case |
highlights subsurface fault networks that structurally
control the Oligocene-Miocene intervals. However, the
model SOM Case 2 not only hints at the presence of
these structures but also illuminates different patterns of
seismic reflections and geomorphic features associated
with sediment entrapped within the fault-bounded
structures. Through this research, we envisage that for
the SOMs to be optimal. geologically meaningful sets of
seismic attributes should be used as an input, such that
attributes assisting seismic  interpreters could
successfully identify refations or patterns within the data.

Basemeni Sivociure Inferpretation

Interpreted the geometry and disposition of basement
structures using advanced seismic attributes and ML-
assisted workflows. These methods, applied across the

upper shelf regions of NE India, can be adapted for
seismic interpretation in other global onshore and
otfshore sedimentary basins.

The basement in the Upper Assam foreland basin,
NE India, 1s severely deformed and buckled. It is
compartmentalized into several structural
compartments, These compartments are breached with
minute flexures (or fractures) that developed over the
geologic period due to tectomic modifications by fault
networks and overlying sediment loads. Flexure
anomalies dominant within the basement interval are
interpreted using  high-quality three-dimensional
seismic data acquired from the basin. Attribute maps
obtained by computing legacy seismic attributes such as
energy-ratio-similarity and curvature are integrated to
interpret flexure networks and associated deformed
structures. An advanced seismic aftribute called
aberrancy is computed te complement the
interpretations of the above legacy attributes (Fig. 13).

Application of ML forinterpreting Basemoent [aults

Accurately characterizing the basement faults,
including their patterns and movements, holds
paramount importance for engineers and seismologists
in designing foundations and geotechnical structures
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Fig. 13:{a) Aberrancy atiribute map displayed for the basement top. The display is prepared by eo-rendering the total magnitude
and azimuth componenis of the aberrancy attribute. Fault networks and several ¢rosscutting Mexures of varying azimuths
structurally deformed the basement in the study arca. Major faults are highlighted using solid arrows in different colors:
(b= ) Arbitrary seismic lines are displayed by co-rendering the amplitude volume with the aberrancy attnbute, which in
turn highlights the presence of such subtle anomalics within the busement interval.

and exploring resources. This research explores the
efficacy of unsupervised machine learning models to
uncover fault networks that structured and deformed the
basement interval in the Dibrogarh region of northeast
(NE) India. High-quality three-dimensional seismic
data from the upper shelf of northeast India 15 utilized to
extract a comprehensive set of geometric attributes.
These attributes are analysed and amalgamated ysing
two distinct unsupervised machine learning models: the
self-organizing map (SOM) and the generative
topographic mapping (GTM). Each of these models is
interpreted and compared to determine the most
effective unsupervised machine leaming model for
illuminating basement faults and associated
deformations (Fig. 14).

Machine learning assisted state-of-the-ari
petrographic classification from geophysical logs

Accurate lithology classification is a fundamental fask
in the exploration and production (E&P) industry, as it
aids in understanding reservoir characteristics and
guiding extraction strategies. Traditonal methods, such
as core |eggmg, are costly and time-consuming. In

14

contrast, geophysical logs provide high-resolution
petrophysical properties, making them a valuable tool
for lithology predicion. However, conventional
methods often struggle with precise lithology
classification, especially in complex geological
formations. In this study, we explore the use of six
machine learning (ML) algonthms, namely k-Nearest
Neighbors (KMNN), Support Vector Machine (SWVM).
Decision Tree (DT), Random Forest (RF), Extreme
Gradient Boosting (XGBoost), and Artificial Neural
Metworks ( ANN) to predict lithology from geophysical
log data.

The study focuses on the Lakadong-Therria
formation ol the Bhogpara oil field, located in the
Assam-Arakan Basin, a petroliferous region with rich
subsurface lithology, Figure 15(a) shows the geographic
location of the Bhogpara oil ficld, while figure 15(b)
depicts the distance between the studied wells,
providing an overview of the spatial artangement of the
wells within the ficld. The general stratigraphy of the
Lakadong-Therria formation is illustrated m fgure
15(¢), outlining the hithological sequence that serves as
the geological context for this study.
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Fig, 14:(a) Strata slices displayed for the basement interval using the GTM. The slices prominently illuminate the rogged and
deformed structural environment of the studied basement; ib) Arhitrary seismic ling AA' demarcating the position of the
stritul slices extriaeled from the basemen| unit. Faults are marked vsing yellow solid lines i the cross-sections. The
geometry and distribution of Tault networks are highlighted using dotted white curves in the steate slices. The wellbore is

marked using a black tripod.

The study utilised wireline log data from ¢ight wells
in the Bhogpara o1l field, representing varous
lithologies such as clavstone, sandstone, calcareous
sandstone, shale, calcareous shale, carbonaceous shale,
coal, and limestone. The wireline logs and core-derived
lithological sequences from Well-2 and Well-4, as
exemplified in figures 16 and 17, respectively. These
figures show the wireline log responses. including
caliper log, gamma ray (GR) log. laterolog deep
resistivity (R} log. neutron porosity {d,) log, bulk
density (p,) log, photoelectric factor (PEF) log and core-
derived lithological sequence. These wireline logs serve
as the input features for training the machine learning
models. The task is to prediet the lithological classes
based on these features, providing a mapping between
the physical log responses and the lithological types
identified in core samples,

We applied six machine-learning models (KNN,
SVM, DT, RF, XGBoost and ANN) to predict lithology
from the geophysical log data. These models were
evaluated based on several performance metrics,
including accuracy, precision, recall, Fl-score, and the
receiver operating characteristic (ROC) curve. The
results demonstrated that the ANN and XGBoost
models performed the best, achieving the highest
accuracy during both the training and testing phases.
The accuracy hierarchy was ANN = XGBoost = RF =
SWM = DT > kNN during training. and ANN/XGBoost
= kNN = DT/RF = 5VM during testing. Figure |8(a-g)
ilfustrate the predicted lithofacies classification at Well-
2, based on the six ML classifiers. alongside the core-
derived lithological seguence. Figure 18(a) shows the
true lithological sequence derived from core logeing,
while figure 18(b-g) display the predicted lithofacies
classification from each model. The comparative
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Fig. 18: Core-derived and predicied lithofacies classification from all six ML classifiers at well-2 (n) core-derived lithological
sequence; (h) kNN predicted lithofacies classification, (¢) SVM predicted lithofacies classification, (d) DT predicted
litholicies classification, (e} RF predicled lithofacies classification, (£) XGBoost predicted lithofacies classfication and
() ANN predicted litholaeies classification,

analysis demonstrates that XGBoost and ANN
produced the most accurate lithofacies classification,
closely matching the core-derived lithology. These
models not only provide high accuracy but also offer a
robust approach tw lithology prediction in complex

geological formations.

This study highlights the application of maching
learning models for predicting lithology from
geophysical logs. demonstrating the effectivencss of
advanced alporithms like XGBoost and ANN in
achieving high prediction accuracy, The resulls supgest
that machine learming can significantly improve the
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Fig. 19: Cross plot between actual and predicted outcome for the Random Forest algonthm of machine leaming, The R error

between actual and predicted porosity is 0.99, (a)The first Panel represents the over lay ol actual and Randomn Forest
predicted porosity; (b) second panel represent the data availability throughout the sfadied depth ingerval: (¢) third panel
represents the actual porosity vs Random forest predicted poresities at different depth interval; (d) fourth panel shows the
histogram representation of the actual porosity and (¢) fifth panel shows the histogram representation of the predicted
porosity.
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Fig. 20: Cross plot between actual and predicted outcome far the XGBoost algorithm of machine learning, The B error between

actual and predivted porosity 15 0.8 1. (a)The frst Panel represents the over lay of actual and XGBoost predicted porosity;
ib) second panel represent the data avallability throughout the studied depth interval; (¢) third pane] represents the setual
porasity vs XGBoost predicted porosities at different depth interval; (d) fourth panel shows the histogram representation
of the actual porosity and (¢} fifth panel shows the histogram representation of the predicted porosity:
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efficiency and accuracy of litholopy classification,
providing a valuable tool for geologists and reservoir
engineers. Furthermore, the use of geophysical logs
combined with ML techniques can supplement core-
derived lithological sequences, enhancing the overall
understanding of subsurface geology and aiding in
better decision-making for exploration and production.

Porosity prediction throungh an ensemble ML
approach

In petraleum exploration. it plays a crucial role in
reservoir characterization. petrophysical studies. and
geological analysis. However, in practice, porosity logs
are not enumerated in the recorded logs for the entire
well, either due to instrumental error or borehole
environmental issues. Thus, the prediction of porosity
log 15 essential to perform a betier petrophysical
analysis and reservoir characterization, In the present
study, we emphasize the implementation of machine
learning (ML) approaches in the prediction porosity log
at the missing data interval. The outcome of the present
study is sanisfactory enough as we have seen the
correlation coefficient values of the actual and predicted
porosity vary between 0.8 to 0.9 (Figs, 19 and 20). Thus,

Te*

ensemble ML approaches could provide other petro-
physical parameters at the missing data interval.

Activity: 2B

Geometry and rheological assessment of the MHT,
lithospheric flexuring - Implications toward
seismogenesis, deep carth processes

(Naresh Krmear, Devajin Moazarika, Govtaer Sawd waod
Viandani)

Stress field implications in the Himalpva-
Karakoram-Tibet based on Stress Tensor Inversion

The stress regime patterns of high seismically active
regions within the western part of the India plate (IP)
and Eurasia plate (EP) collision. spanning the parts of
Himalaya-Karakoram-Tibet, are elucidated through
analysis of 684 Foeal Mechanism Solutions (FMS)
from 1962 to 2021, Eighteen seismically active zones
{Fig. 21) used for the stress tensor inversion, are defined
based on the spatial extent of the seismicity, the depth
distribution of seismic events, focal mechanisms and
seismotectonics. Distinet regimes demarcated are: (1)
Sulaiman Ranges and Lobe Region. (2) Hindukush, (3)

SR

mw

Fig.21: Seismotectonic map of the study region, Major faults, strong and major earthquakes, seismicity and the zanes for Stress
Tensor Inversion (ST1) are shown in the map: The areas defined with dotted line is showing the zones considered for the
STL The used events for ST are shown as the filled carele with colour inside the zones, the colour ofthe event represents
the corresponding focal depth (km). Events with grey colour indicating the unused events for this study. Some of the past
strong and major events (M=6.5) are shown as beachball representations, The different colour of the beachball indicating
different mechanisms (red; thrust, green; normal, blue; strike-slip, brown; thrust + strike-slip,
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Pamir, (4) Nanga Parbat Syntaxis (NPS). (5) Haozara
Syntaxis, (6) Kashmir-Zanskar region, (7) Kangra-
Chamba, (8) Kinnaur and Kaurik-Chango Fault Zone
(KCFZ), (9) Garhwal, (10) Kumaon, (11) Karakoram
Fault Zone (KFZ), and (12) Gozha-Ashikule Fauh
Zone. Most of the seismicity is concentrated in the
upper crust, except in the Hindukush and Pamir, where
seismicity extends to the uppermost mantle (280 km).
Seismicity is clustered into three depth zones (up to 70
km. 70 - 160 km and 160 - 280 km) with distinet
seismicity groups in this part of the Hindukush and
Pamir. Stress Tensor Inversion (ST1) of FMS visualise
the stress pattern on the teetonic and sub-surface erustal-
seale structure (Fig. 22).

The stress regimes and corresponding maximum
horizontal stress axis (SH ) orientations of different
zones indicate north and NE thrusting in NW Himalaya,
strike-slip in KFZ and extensional in areas which
closely associated with Tibetan platean (Zones 15 and
19, Fig. 1). The SH,., directions obtained from this
study align with the horizontal principal strain-rate
directions reported carlier. Furthermore, the results
reveal a discernible gradient in stress regimes along the

boundaries of the Tibetan plateau. Stress regimes shift
from compression in the southern boundary (Zone 12 0
Zone 17) to transpression in the central part (Zone 18)
and to extensional stress on the northern edge (Zone 19);
The same type of transition in the stress regime from
SW 1o NE direction in the Hindukush-Pamir (HP)
region 15 also evident. Based on the findings of this
stress inversion study, there was no discernible
difference between the Right Dihedron and Rotational
Optimization approaches except for the zones where the
vertical PSA has high uncertainty in orientation. The
Rotational Optimization approach may produce more
accurate results because it reduces any inherent error in
the PSA orientation.

In the Hindukush region, the clockwise rotation of
SH,,, m the compressive regimes with respect to
increasing depth reflects the rotational nature of the
thrusting plate vis-a-vis with the increase in depth (Fig.
23, Simultaneously, in the Pamir resion, anti-
clockwise rotation of SH_, together with a change in
stress regimes with respect to increasing depth has been
observed. An effective conceptual model that highlights
the depth-wise regional stress environment is provided
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Fig.22: A 3D illustration of tectonic model showing the stress regimes and correspondimg SH_,, ortentation m MW Himalava,
Kormkoram and Gozha-Ashikule regions;, Major crustal blocks are shown in different colour according 0 legend
(Modified after Parsons ot al., 20209, The blue lines {a-a', b-b', c-¢', d-d', e-¢’, = g-g" and h-h') represents the cross-

section profiles,
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Fig.23: (a) A 3D illustration of the tectonic model showmng the stress regime and comresponding SHmax orlentation m
Hindukush- Pamir region in depth-wise manner. The blue lines (1-1' and j-') represents the cross-section profiles, (b)
Projection of FMSs along the i-1" and j-j' cross-sections as beachball representations, Different colours of beachballs
indicate the different type of FMS as shown in the legend. Filled trinngle ot the top represents the major faults that

intersect with the respective profiles.

by the seismicity and ST1 results in the HP region (Fig.
23). It gives effective information on the IP-EP collision
and additional data in the future will strengthen the
results, In the NW Himalayan arc, the teclonic
convergence force is acting as the major driving force
that controls the nature of the stress regime. However,
rezions like the NPS, Kinnaur, KFZ, and Zanskar are

exceptions 1o this, where dominating extensional and
transformational tectonic forces are donunating. 1t also
indicates complex tectonics on a local scale, The SH,
arientation is nearly perpendicular to the plate boundary
where thrusting/subduction occurs which implies that
convergence tectonics is the major driving force for the
seismotectonics processes in such regions. In the NW
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Himalayan are, the sgismic pap zones exhibit thrust
regimes in general. The KFZ and GAFZ are located in
the Tibetan plane where the plate convergence force has
less effect on defining the stress repime.

The investigation of seismic discontinuities in the
Earth's upper mantle 15 vital for understanding the
mantle process that influences the geodynamic
evolution of a tectonically active region, Earth's mantle
plays an important role in the evolution of the crust and
provides the thermal and mechanical driving forces for
plate tectonics. Unlike the crust. the chemical and
mineralogical composition of the mantle is
straightforward. The upper mantle is largely a
peridotitic metamorphic complex that is comprised of
olivine minerals, orthopyroxene, clinopyroxene, and an
aluminous phase (e.g. plagioclase. spinel, or garnet as a
function of pressure). The crystallographic structure of
minerals changes with the pressure and temperature of
the upper mantle leading to phase transitions. Several

Latitude (N)

seismological studies detected primary global
discontinuities of the upper mantle (e.g. 440 and 660
km), however, second-order discontinuities such as the
Hales discontinuity in the lithospheric mantle (Hales.
1969, EPSL. vol: 7, pp: 44—46) is poorly studied.

A shallow mantle seismic discontinuity (Hales)
beneath northeast India

This study, reperted Hales Discontinuity for the Upper
Assam Valley or Brahmapuira River Valley (BRV), and
parts of IBR and Bengal Basin based on teleseismic
receiver function (RF) inversion and Common
Conversion Point (CCP) imaging at 11 boradband
seismological stations of National Center for
Seismology, MoES, New Delhi (Fig. 24). The
waveform data of teleseismic earthquakes with a high
signal-to-noise ratio (> 3.0), body wave magnitude (Mb
= 5.5), and epicentral distance (A) of =30-95" were used
(Inset, Fig. 24}, Example of RFs at IMP station shows P-

Longitude (E)

Fig. 24: Tectonic map ol the northeast region (NER ), Tndia, showing the location of seismological stntions {black tnangles) used
in this study. Major teclonic features e.g., Brahmaputra River Valley ( BRY), Shillong Plateau (5P), Mikir Plateau (MP),
Chittagong Coastal Fault (CCF); Churachandpur-Mao Fault (CMF); Dauki Fault (DF); Dudhnes Fault {DhF); Disang
Thrust (DsTE Dapsi Thrust (DT); Kaladan Fault (KDF): Kopih Fault (KF); Main Boundary Thrust (MBT): Main

Central Thrust (MCT), Maga Thrust (NT); Topura Fold Belt ('TEB); The mset at the top left shows sketch map of India
miarking the study région by a red box. The epicenters of the teléscismic earthguakes used in this study are shown in the
insctat the top right corner,
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10-S conversion at Moho (P.x) and Hales (Pg)
discontinuities (Fig. 25). The first strong positive arrival
observed at 0 s in the RFs is the direct P-arrival (Pp
phase) followed by the positive arrivals at ~3.2 g, ~fi g,
and =7 s. The positive arrival at ~3.2 8 Tepresents a
shallow mid-crustal discontinuity and can not be
attributed to the Moho discontinuity as it would imply
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Fig.25: Receiver functions (move-out corrected) plot of
Gaussian width 2.5 for the Imphal (IMP)
stations with increasing back azimuth (BAZ)
marked at the left. The corresponding
epicentral distance (A) 1s shown on the right.
The direct P-wave (Pp). P-to-5 conversions
from the Moho (Ps), and the Hales (Ph)
discontinuities are marked by dashed lines,
respectively. The stacked receiver function is
shown at the top with +1 Standard Deviation
bounds. The Ps, is a mid-crustal phase which
may be a possible conversion at the Main
Himalayan Thrust (MHT},

an unusually thin crust. Based on arival time and
polarity, as well as comparing with previous studies, the
positive arrival at -6 s i1s considered as Moho
discontinuity. The strong positive arrival observed afier
the Ps phase, labeled as Phs. is recognized to originate
from & shallow mantle discontinuity (ie. Hales
discontinuity). The Meighborhood Algorithm (NA)
inversion method has been applied to radial RFs.
Example of inversion has been shown considering data
from IMP station (Fig. 26). The velocity model shows a
low-velocity zone (LVZ) in the upper crust (~10-22
km). The Ps| phase corresponds to the base of the LVZ.
A sharp change in Vs is observed at ~42 and ~57 km
with Vs ~4.1 and ~4.6 km/s, respectively. Based on
shear wave velocity and previous studies in the region,
the step jump at —42 km is considered as Moho whereas
the next step jump is identified as a shallow upper
mantle discontinuity interpreted as the Hales
discontinuity,

The study reveals a thin crust (—35 km) beneath the
Brahmaputra Valley (at JORH station) with a surface
sedimentary layer of ~4 kim thick. The crustal thickness
is observed to increase towards the north in the
Himalaya (—40 km at ZIRO and ITAN) and to the south
{up to ~46 km at KOHI), The crustal thickness near the
Tripura fold-belt and Bengal Basin varies within ~36-40
km. The study reveals the existence of a shallow mantle
discontinuity {Hales discontinuity) at a variable depth
range of ~54-78 km characterized by a step increase
(~7.5-11%) in shear wave velocity observed in the
inverted models (Fig. 27). The mineralogical phase
transformation frons spinel to garnet is considered as the
origin of this discontinuity, The shallow depth of the
discontinuity indicates an mncrease in upper mantle
temperature which conforms to the high geothermal
gradient reported in the region. The vanation of depth of
the discontinuity can be interpreted in terms of the
addition of Cr™ which shifis the spinel-garnet stability
field to higher depths whereas Fe ™ shifts it to lower
depths. Despite the high temperature in the upper
mantle, the observed low Vp/Vs ratio (1.65-1.75) below
the Hales discontinuity can be explained by the presence
of a high fraction of orthopyroxene,

Multiparametric approach to sarface dynamics of
rivck-ice avalanche

The observation of precursory signals of the 2021
Chamoli rock—ice avalanche provides an opportunity to
investigate the multidisciplinary analysis approach of
rock failure. On 7 February 2021, a huge rock—ice mass
detached from the Raunthi peak at Chamoli district in
Uttarakhand, India (Fig. 28). It causes more than 200
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Fig.26: Examples of NA inversion technique applied at IMP station. (a) The left panel shows the stacked recerver
functions. The comparison of stucked (red waveform) and synthetic RFs (black waveform) obtained from NA
mversion is shown in (a). The grey dashed lines mark the 21 standurd deviation bounds. The direct P-phase
{Fp) as well as Moho converted Fs phase and P-10-5 converted phase in the upper mantle (£h) are marked.
The intra-crustal phase is marked by Py, The velocity models obtained from NA inversion are shown in the
right-hand panels. (b) The total range of initial models is marked by the grey area, out of which the best 1000
models are shown in the green area with minimum misfit between observed and synthetic RFs. The best-
tithng and average models are murked by red and white lines, respectively. The vanations of Vp/Vs values
with depth for the best-fitting model are shown by a blue line to the left. The possible positions of the Moho
and upper mantle discontinuity are marked by black and red arrows, respectively,

deaths and significant economic losses. Radon
concentration and seismic signals are utilized to
characterise the potential precursory anomalies prior to
the detachment. This studvy not only characterises
abnormal signals but also models the rock failure
mechanisms. The analysis unveils three time-dependent
nucleation phases, physical mechanisms of signal
generation and a complete scenario of physical factors
that affected the depree of criticality of slope failure.
Gradual progression of rock cracks/joints, subsequent
material creep and slip advancement acceleration
preceded the final failure. On the correlation of radon
data with temperature records (from the AWS station at
Auli, 2900 m asl, 23 km away from the source) and
atmospheric pressure (Ghuttu station), we prepared a
schematic model of factors affecting the wedge failure
(Fig. 29). The BBS deployed in the Rishiganga-
Dhauliganga catchment and one station incidentally lies
very close (10 km—TPN [Tapovan town] BBS) to the

SOLTCC ZOng.

This catastrophe was preceded by the gradual

progression of material creep, ruptures and fractures 2
days prior to the event, which accelerated as time got
closer to muterial failure. These abnormal changes
possibly contribute to the enhancement of radon
emanation due to additional stress—strain changes in the
rocks close to the MCT and other local tectonic
discontinuities of the Himalaya, Changes observed in
the radon time series and the seismic signatures of
creeping suggest interrelated effects of different
parameters, The collective study of the recorded
precursors allowed us to reconstruet the precursory
dynamic nucleation phases, factors affecting the wedge
failure, rock failure mechanisms and physical
mechanisms of precursory signal generation. which
intensified as ime gol closer 1o the main detachment
{Fig. 29). The degree of criticality of material failure
depended on several physical parameters like
stress—strain advancement, overburden pressure that
mereased radon gas migration along the fault zone.
freezing—thawing eycle, fracture and creep propagation,
slip acceleration and multiple small detachments along
the wedge failure plane. Considering the eriteria for
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Latitude (N}
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Fig.27: Contour plot representing the variation in depths of

Hules discontinuily in and around the study region
based on results obtained from the 1] seismological
stations of the present study (red triangles) as well as
from previous waork carried out in the Shillong
Plateau and Assam Valley by Anand et al. (2018,
JAES, Vol. 154, PP. 238-247). The scismological
stations used by Anand et al. (2018) are shown by
grey triangles.

p— — =

distinguishing the three time-dependent nucleation
stages, we primarily focus on CC threshold, SNR and
wavelet analysis. A sequence of repetitive weak signals
is accompanied by changes in amplitude amplification
and a reduced duration between seismic signals.
signifying static to dynamic transitions along developed
cracks and fractures. Here, our observations do not
reveal significant time-dependent changes in radon
signals directly describing factors affecting rock or
slope failure: The systematic and integrated study is
crucial because we did not find any precursory seismic
signatures on 3—6 February but found continuous m
2g anomalies in radon concentration. which is restricted
in this time frame. We observed that rock dynamics
plaved a significant role in controlling this Himalayan
catastrophicevent of 2021 (Fig. 30). For accuracy and to
avoid false alarms, we need a dense inteprated
multiparametric network with real-time monitoring.

Earthguake sowrce characterization and scaling
relation in the central seismie gap, NW Himalava

Earthquake source parameters of 52 local earthquakes
of Mw 1.5-3.3 are evaluated using the waveform data of
8 broadband seismograph in the Garhwal Himalaya
through shear wave spectral inversion. This iterative
technigue is based on Brune's m-square circular source

Dhﬂullganga-Rlshiganga catchmeant

Mo dopaarracit s lHdLng

]

Fig.28: Map of the study region, with: satellite image and location of matedal filure/rock-iee avalanche in Dhauligangs
Rishiganga catchment. The seismic waveform shows the record of main detachment ot 04:51, 10 UTC, Map was
genetited using ArcG1S software licenced version 10,5 (hitps://www.arcgis.com/index_html),
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Fig.29: Thezraph depicts the radon distribution and 21 days moving average (red and blug colour smooth curves ) along 1S mean
value distribution in 2020 and 2021 over a stmilar ime period. The satellite imagery depicts the source zone of the main
fatlure, as well s a rough sketeh indicating the reconstruction of the material flure and is propagation,

spectral model. The displacement spectra on multiple
stations is utilized to estimate the corner frequency and
the displacement amplitude for the lower frequency
having constant amplitude. The modeled source
parameters. including comer frequency (fc), source-
radius (r), stress drop (Ago), seismic moment (Mo), and

moment magnitude (Mw), varied in the ranges of

1:3-11.58 Hz, 117.6-10544 m, 0.004-36 bar,
2.83E+11-1.33E+14 N-m, and 1.5-3.3 respectively
(Table 1). The estimation of earthquakes source
parameters through waveform spectrum is an important
component for the study of seismogenesis and obtaining
scaling relations is crucial for understanding seismic
hazurd assessment. The scaling relations are used to
develop ground motion prediction equations (GMPEs)
that relate earthquake source parameters to ground
shaking characteristics (e.g., peak ground acceleration,
spectral acceleration). The significant result is that our

maodelling indicates a scaling relationship between Mo
and fc suggesting Mo fc™" = Constant for Garhwal
Himalaya based on local earthquakes 0f Mw 1.5 10 3.3,
These scaling relationships derived from our current
study could enhance earthquake hazard modelling for
the Garhwal Himalayan region. This, in turn, could
allow earthquake engineers to construct more resilient
buildings in the area.

The observed difference in the relationship between
seismic moment (Mo) und cormer frequency (fe) in this
study could be associated with the narrow range of
magnitudes (Mw 1.5-3.3), Owr modelling also gives a
scaling relation (Log (Aa) = 0,605 log (Mo) - 17.34). In
1967, similar linear scaling was observed for mterplate
carthquakes in the Uttarakhand and N-E Himalayan
regions of India, We suggest that the earthquake scaling
relationships derived from our current study could
enhance earthquake hazard modelling for the Garlwal
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Fig.30: Complete scenario of factors responsible for failure and refated dynamic changes and readjustments within the source
region. (a) A schematie dingram showing the debrns-flow's progression, (b) satellite image of Raunthi peak and valley
before failure, and (¢) representation of eritical loading and subsequent dynamic changes inrock mechanism.

Himalayan region, Uttarakhand, This, in turn, would aid
earthquake cngincers in constructing more resilient
buildings in this region. The scaling relations are used to
develop ground motion prediction equations (GMPESs)
that relate earthquake source parameters (e.g.,
magnitude, distance, depth) to ground shaking
characteristics (¢.g., peak ground acceleration, spectral
acccleration), GMPEs are essential tools for scismic
hazard assessment, ecarthquake engineering, and
building code development, providing probabilistic
estimates of ground shaking for a given carthquake
seenario,

Magnetotelluric (MT) investigations along the
Nahan-Kaurik-Chango transect

Magnetotelluric (MT) investigations along the Nahan-
Kaurtk Chango transect in the Sathy River Valley,
northwest Himalaya (Fig. 31), provide insight into the
subsurtace glectrical properties, The geometry of the
Main Himalayan Thrust is a flat-ramp-flat geometry in
this sector of the Himalayas. Beneath the lesser
Himalayan crystalline sheets, a thin conductive layer
exists, which is present up to the STD. The presence of
this thin conducting layer bears its implication in the
translation of the Lesser Himalayan crystalline sheets.
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In the geoclectrical model, medium to highly
metamorphosed crystalline rocks m the Lesser and the
Higher Himalayas are observed as high-resistivity
features. At a depth of approximately 5-15 km, an
intracrustal low-resistive layer is consistently present
along the entire profile. The geometry of this dipping
intra-crustal layer signifies the presence of the Main
Himalayan Thrust, which represents the base of the
accretionary wedge where all the major thrusts of the
Himalayan tectonics sole down. The geometrical
differences and distinet resistivity of this layer
compared to the adjacent regions of Garhwal-Kumaon
and Nepal Himalaya indicate the varability of tectonic
processes in this part of the Himalayva. Another
significant observation is the existence of a thin, highly
conducting layer at a shallow depth (approximately 1-3
km). The spatial extent of this layer, along with the
bending extent of the main central thrust toward the
south, sugpesis its role in the southward translation of
crystalline sheets during Himalayan teetonics.
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Assimilution of seismic nttenuation model of NW
Himalaya and its surroundings

In this study, we analyze the seismic attenuation
characteristics of the Northwest Himalaya and adjacent
regions using a dataset of 2,716 earthquakes (2.5 = Mw
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Table 1: The earthquake origin time and the estimated source locations along with different parameters.

Dhate rigin Thne Latitude  Longitode  Depth Muomeni Betsmie Souree Siress Corner
(YYYY-MM  (Hr:Min:Sze) (") ("E) (km)  Magnitude mament Radius Drap  Frequency
L] (MW (Mo in N-m) {mj (har}) (Hz)
2020-12-01 04 11:51.56 3150 77977 e 3305 1.33E+14 3R6.784 10604 3.500
2020-12-01 22:34:57.15 28776 77.263 L9 027 542E+13 i} s ) [.654 1.84%0
2020-12-03 15 16:12.71 3360 17504 5. 841 244E+H1S 147006 3549497 LR
2020-12-403 16;03:21.25 3317 77961 6.3 2,156 2 82E+12 RALLAE 0,792 3580
2020-12-44 s 1007 RIRELT TeH75 19.9 2643 L I5E+13 252217 3905 5 A
2020-12-404 21464503 31,253 TH.33H 74 1.832 | 37E+I2 195517 0.57] [, 1%
2020-12-06 F1:3129.8 T2 T 211 2.793 207E+13 144614 30471 0392
2020-12-07 155724276 29,223 77182 4.5 2,723 1. TOE+13 T 92T 0.1%3 1.BG2
2020-12-17 12:05:51 81 31261 Th4al 353 1500 Y 2SE+1 INLET4 (.378 S:1k4
2020-12-20 HZ04:55.04 SihiMy RiLTT2 23.5 2426 Se3ET12 254,381 2.39% b EE T 5]
2020-12-23 23:06:27.04 30 M3 78:322 28 2490 BO3E+12 J35.522 479 4,426
2020-12-28 15:16:50.71 3304 ROLOFTS 1] 2462 RiSE+]2 273 6006 2.593 5557
2021-01-01 22:41:56.41 30480 79,195 10 1.918 1. 14E+12 224,946 [.00% 6331
202101402 16:15:54.73 32616 Ti.763 (.1 2311 5.87E+12 574010 0127 2321
2021-0F-02 390259 RIER. R 7385 4.1 1,746 g2IE+ 456.304 1.087 4,465
2021:-01-04 (15:24:40.T6 AT 9234 6.8 1.923 1\ 30E+12 16, A0 [543 H.264
2021-01-04 (60w 24.02 IL466 7016 0.7 2142 2,19E+12 217.994 Lot 6,131
y 2021-01-05 20n14:54.33 AL419 77389 13 3342 326EH12 205,602 2946 G.B2H
: 2021-01-08 (4:35:16.93 30077 811 32 3000 4 49E-+13 M7T739 041l J953
il 2021-01-09 05:57:24.98 Y1083 TE.609 351 2,928 31A3E+13 444,775 241K 3399
ol 202 1-01-09 13327 3514 T7.608 0.7 1.76% SBIE+T 181.244 0.503 77008
= PEIETNE 14:45:13.29 30,392 79477 P37 1.800 LIBE+Z 2052960 (.682 T30
bl 2021-01-20 07140864 30,517 79306 14.8 2,823 LISE+13 31039 720 499
:"-_ 2021-01-26 02:02:03.5 0,237 79,553 1.9 1.958 1.25E+12 272363 0:352 5504
_—_: 2021-01-27 15:28:28.01 3613 TR 164 138 2119 160E+]12 23733 2785 0,863
Wl 2021-01-27 1:14:29.47 30376 TO.536 20 1:847 T3E+11 176:526 L.ad49 7919
= 2021-01-30 12:28:19.1 30490 BiLGOE ] 2344 5. 16E+12 251.383 [.E13 5,772
; 2021-02-03 07372895 3123 TR 436 1.8 23809 BATE+I 219,333 119 T.214
Tl 201]-02-04 20:31:46.77 31,328 TR.215 4.4 2155 252+ 248759 0.734 5,687
E 2021-02-05 2134:21.82 30,76 TH.HR4 43.8 2867 2.59E+13 64413 L.I25 2843
203102107 13:32:51.44 3417 793546 203 |.959 L22E+12 139,229 2.639 10,893
202 10020 124142164 IL6lo Bl 142 313 1,730 6.20E+11 1170659 2115 11.582
20210208 PE: 105554 ¥.579 TRT07 10 1.573 F49E+11 34501 0.124 5619
202 1-62-10 21034954 31502 78,337 45.2 1993 1 46E+12 205,481 3.859 330
20214211 14:31:33.74 31416 ThAL 1 1.887 LISE+12 IoHITY U673 5230
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20021402-12 IE5E:D .38 3050 TH. 50 5.9 2,088 JTEH12 208,553 |08 2,434
2021-02-14 10:19:52 95 3281 TS i1 2709 L.59E+13 224 7RG 6.214 54983
2021-02-14 ER20:59.07 31495 RO 107 231 1438 25E+12 221,515 [0 b 284
2021-02-14 19:56:04.04 20447 Th.9460 7 1.953 ' 35E+12 334218 0174 4,066
2021-402-13 2Z:40:07.22 20774 BiLITH 416 L1 6:26E+11 N G2 112 4,403
2021-412-13 23156:30.91 434 THS07 2 Let7 4.55E=11 147 044 .745 AN
2021-02-16 20n00:39.1 324021 79,643 9 |50 D.23E+11 334.130 U.4ZS 5062
202 1482-17 22:20:47.95 30044 TR.0SH 9.l 2024 1\ TSE+12 244,921 0. 544 6,559
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= 3.0) recorded from 2008 o 2015 by a network of 30
broadband seismographs (Fig. 32). The single
backscattering model was applied to estimate the
quality factor of coda waves (0),) across three lapse time
windows (LTWs) at varving freguencies. Our results
reveal that Q. increases with both frequency and LTW,

suggesting a depth-dependent nature of seismic
attenuation in the region, The average attenuation
relationships for Q. Q.. and Q, across the Northwest
Himalaya are determined as follows for LTWs of 20, 30,
and 40 seconds, respectively: Q= (T4 14", Q,=
(103 = 26)f" ™™ and Q, = (140 = 41)f' """, Owr
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Fig. 31 (a-b) MT profile location and Geoelectrical section in Sathuj Valley,

findings reveal significant variability in Q, Q,, and Q,
aeross the Tethys (TH), High (HH), Lesser (LH). and
Shiwalik (SH) Himalaya regions, as well as the adjacent
Indo-Gangetic Plains (IGP). with this variability strongly
linked to structural heterogeneity and seismogenic
processes in each region. We further establish attenuation
relations for distinct tectonic units, observing the
following hierarchy: [Q,, (HH)< Q,,.(SH)}< Q,,.
(IGP)< Q,,.(LH)< Q,,, '(TH)]. The Tethys Himalaya
exhibits high attepuation, likely due to its sedimentary
structure, while the Higher Himalaya shows low
attenuation. These insights into attenuation characteristics
deross geotectonie segments in the Northwest Himalaya
contribute t0 a more comprehensive seismic hazard
assessment for the region.

The Himalaya region is characterized by high seismic
getivity due to its position in the India-Eurasia collision
zone. While the attenuation of seismic waves 1s not directly
linked to seismotectonic features, high attenuation is often
associated with greater geological heterogeneity, resulting
in frequent earthquake activity { Kumar et al., 2005}, In this
study. we evaluate and compare the attenuation

characteristics acrpss different geotectonic units of the
NW Himalaya and surrounding regions, where "P-wave
(Q.) and S-wave (Q,) hold significant seismotectonic
relevance. The analysis of attenuation for various zones
reveals patterns that can be linked to the geological
composition of these regions. The average attenuation
characteristics, including the average coda wave guality
factor (), and the quality factors for P-waves (), ) and
S-waves (Q). show that the Higher Himalaya (HH)
exhibits the highest values compared to the Sub-
Himalaya (SH), Indo-Gangetic Plain (IGP), Lesser
Himalaya (LH), and Tethys Himalaya (TH).
Conversely. the inverses of these quality factors-
denoted as Q.”, Q, " and Q, " as: Q. (TH)=Q, (LH)>Q,
(IGPy=Q, (SH=Q.'(HH); Q.(TH)> Q,(LH)>Q,
(IGPy=Q, (SH)=Q, (HH)and Q,(TH>Q, (LH)=Q,
(1GPY= Q, " (HH). These results suggest that the Tethys
Himalaya has the highest attenuation, followed by the
Lesser Himalaya, Indo-Gangetic Plain, Sub-Himalaya.
and Higher Himalaya in decreasing order. The high
attenuation observed in the Tethys Himalaya is likely
due to its sedimentary deposits. primarily formed by
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Fig.32: A map llustrating the 1ectonic features of the N'W
Himalava and surrounding regions. The tectonic
features are represented by lines, including the Main
Boundary Thrust (MBT), Main Central Thrust
{MOT), Himalavan Frontal Thrust (HFT), Munsiari
Thrust, Jammu Thrust (JT). Lesser Himalayan
Crystalline Nappe (LHCN), South Tibetan
Detachment System (STDS) and Indus Tsangpo
Suture Zone (Tectonies afier GS1 (20007). Solid
trigngles indicate the locations of seismograph
stations in the network, while solid circles mark the
epicentres of earthgqunkes analyzed in this study, The
carthquake epicentres are sourced from the
International Seismological Centre (1SC) catalogue
{hitps:dsrwwsisc.ac.uk/),

gravity-driven erosion at the tectonic contact with the
Higher Himalayan Crystalline sequence { Liu & Einsele,
1994: Garzanti, 1999; Srivastava et al., 2013).
According to Spudich & lida (1993), the upper few
kilometers of sedimentary basins exhibit strong
seattering, which contributes to the high attenuation
observed in the Tethys region. The distinet geological
separation between the Tethys Himalayva and the Higher
Himalayan Crystalline (HHC) sequence, along with the
boundary transition, leads to differences in attenuation
properties, particularly in areas with significant tectonic
discontmuities { Kumar & Yadav, 2019), In eontrast, the
Lesser Himalaya, situated south of the Greater
Crystalline Himalayan sequence and bounded by the

Main Central Thrust (MCT) to the north and the Main
Boundary Thrust (MBT) to the south, displays varying
attenuation characteristics due to its complex geological
composition. The region is predominantly made up of
Proterozoic and low Paleozoic sedimentary rocks that
have been metamorphosed to greenschist facies, along
with Paleocene-Eocene limestone and shale tormations
{Subathu Formation); and outliers of Greater
Himalavan metamorphic rocks. These factors likely
contribute to the high attenuation observed in the Lesser
Himalaya (Fig. 33). As it separates terrigenous
carbonate rocks from overlaving metamorphic rocks
including gneiss and mics schists, the MCT, a
sigmificant longitudinal thrust fault that separates the
Higher and Lesser Himalaya, may be responsible for the
observed variations in attenuation (Sinha, 1987). The
different attenuation behaviour between the two zones
is further explained by the existence of retrograde
metamorphic series in the MCT zone, which include
Paleozoic sediments in the Lesser Himalayan zone and
crystalline rocks in the Higher Himalayan zone. The
research area's southernmost region, the Indo-Gangetic
Plain (1GP), shows greater attenuation than the Tethys
Himalaya and Lesser Himalaya.

The IGP, an active foreland sedimentary basin, is
filled with alluvial deposits from the Indus, Ganga, and
Yamuna rivers (Lyon-Caen & Molnar, 1985). These
sedimentary deposits are underfain by a thick sequence
of Siwalik sediments, which rest on Precambrian
granitic rocks of the Indian Craton (Raivermann, 1983),
As noted in Das et al. (2024), the western [GP is
particularly characterized by thick sedimentary layers
contributing to significant seismic wave attenuation.
The presence of soft alluvial sediments with low shear
wave velocities (Vs < 0.5 kmv's) and high Vp/Vs ratios
{~2.5-3.0) within the uppermeost 400-70{) meters leads
to substantial absorption and deceleration of seismic
waves., As these sediments thicken towards the
northeast, the attenuation effect intensifies, with
basement depths reaching wp to —3.8 km near the
Himalayan Fronial Thrust (HFT), making the IGP a
seismically vulnerable zone where energy from
Himalayan earthquakes can cause considerahle
damage.

In contrast, the Sub-Himalaya (SH), or Himalayan
foreland, shows low attenuation compared to the 1GP.
Lesser Himalaya, and Tethys Himalaya. This is due to
its composition, which mainly consists of dense, low-
porosity rocks such as quartzites, phyllites, and schists,
which are more compact and erystalline, This
composition leads 1o reduced absorptionand dissipation
of seismic eneroy, resulting in low attenuation.
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Fig.33: Comparson of O estimates for (a) the NW Himnlaya region, the Kimbur Himalaya region, and the Garlwal Himaliva
region (b) the whole dataset of the NW Himalava. The abbreviations are the same asin figure 32,

Furthermore, the presence of higher-grade
metamorphic rocks, such as these in the Chail Group,
also contributes to the low attenuation, as these rocks
are more rigid and stable, minimizing energy loss.
Unlike the IGP, the SH lacks thick layers of soft,
unconsolidated sediments, which typically amplify and
attenuate seismic waves. Although the SH is affected by
complex peological structures, such as thrusts and
tectonic windows, they do not significantly increase
attenuation, leading to low attenuation levels in this
region, The Higher Himalaya, with its HHC formations,
shows the low attenuation among all these regions. A
layer of medium- to high-grade metamorphic roeks,
including meta-sedimentary rocks intruded by
Ordovician {(about 300 Ma) and Mibdcene
{approximately 22 Ma) granites, makes up the Higher
Himalayan Crystalline (HHC) sequence. The layeris 30
km thick. These rocks show an inverted metamorphic
ficld along the Satluj River, with migmatite Barrovian
mineral groups at the bottom, gamet-staurolite rocks at
the base, and kyamite and sillimanite in the centre
( Viamnay & Grasemann, 1998). Even at low pressure, the
mica schist, quartzitc, paragneiss, migmatite, and
leucogranite rocks found in the HHC demonstrate
multiphase deformation (Sorkhabi, 1999), This
complex geology supports the conclusion that the
Higher Himalayan experiences the least attenuation
(Fig. 33). Furthermore, oblique-oriented Faults, cither
crossing or aligned obliquely to the Himalayan
longitudinal strike, have shown recent seismic activity.
Particularly where these transverse faults meet the
Himalayan thrust band, carthquakes in these areas are
caused by both thrust and strike-ship faulting. Along
these transverse faults, strike-shp movement is also

linked to the Quaternary activity seen in some areas of
the MCT zone.

Activity: 2C

Scismicity and Seismic Hazard Assessment in the
Himalaya

(Dilip Kumar Yadav, Navemdva Kumar, Praveen Kumar
and Chinmey Haldar)

Altenuvation Tomography in the Uttarakbuand snd
Himachal Himalayva

This work proposes the shear-wave attenuation
tomography of the Garhwal and Kumaun regions,
Uttarakhand Himalaya, to imvestigate the crustal state.
Based on attenustion characteristics, the highly
attenuated layer identified starts at ~10km in the
Garhwal region and ~5km in the Kumaun region (Fig,
34). The obtained model revealed that quality factor (Q)
values vary from 16 o 664 and 49 to 866 at 1 Hz
frequency for the Kumaun and Garhwal regions,
respectively, The high attenuation rate (1/Q) in the
Kumaun region compared to the Garhwal region may be
due to the high attennated layer at a shallower depth in
the Kumaun region. The comparatively low attenuation
rate of the Garhwal characterizes it as a region with high
seismic hazard potential. Pioneeringly, layered
frequency-dependent attenuation models are proposed
up to a depth of 30 km for six different layers with Skm
thickness each, which will provide new insight into
seismic hazard evaluation.

The three-dimensional attenuation structure and
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Fig.34: (a) The locations of the profiles considered in the Uttarakhand Himalaya, and {b) the geocleciric model beside the profile
ZZ' projected by Rawat etal. (2014}, The altenuation model alang the profile (¢) XX'in the Garhwal region and (d) Y'Y
in the Kumaun region. (¢) P-wave by S-wave (Vp/Va) ratio proposed by Mandal (2021; Sei. Rep, L1 (1), 14067) along
the prafile MM and (f) comimon conversion point stacking image using the receiver function suggested by Hazarika et
al_ (2021; GI1, 224 838-8%70) along the profile HH'. The white dashed line in (¢) and {d) shows the starting depth of the

fluid or partial melt zone.

frequency-dependent attenuation layered model are
also proposed for constraining seismic hazards and
exploring the presence of an intra-crustal high
conductive (ICHC) layer in the Himachal Himalaya,
India. Using acceleration data recorded in the Himachal
Himalaya, this work quantifies the attenuation
characteristics in the form of shear-wave quality faclor
(€;). This work suggests a frequency-dependent shear
wave attenuation model for six different lovers of 5 km
thickmess each, up to adepth of 30 km (Fig. 35). The low
Q, values (ranging 10-60) depict an aqueous fluid zone

starting from a depth of ~11 km (Fig, 25). This aqueous
fluid identified in the study region closely resembles the
ICHC laver identified by other researchers in its
adjacent area. The presence of an agueous {luid zone
identified at 11-20 km depth may be one of the possible
reasons for high seismicity in the Himalayan seismic
belr.

Crustal structure varintion
Gangetic Plain and Himalaya

beneath the Indo-

This study mvestigated the structure of the sedimentary
layer beneath four stations in the Chandigarh-Ambala
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Fig.35: The quality factor distribution ot different depths at 5 He frequency along with the topography of the Himachal
Himalaya, The white line represents the surfoce major tectonic, HET, MBT, MCT, and STDS deseribe the Himalayan
Frontal Thrust, Main Boundnry Thrust, Main Central Thrust, and South Tibetan Detachment Syatem, respectively, The

zone marked by 'A'corresponds to the fluid regon.

region in  Indo-Gangetic-Plain using the receiver
tunction (PRF) technique. The study found that the
sedimentary layer thickness varies significantly, with
values from 2.0 to 3.0 km beneath the IGP and
increasing northward (Fig. 36), Shallow shear velocity
(Sv) at the base of the sedimentary layer below the
Siwalik Himalaya ranges from 2.8 to 2.9 km/s, which
can be ufilized for assessing earthquake ground-motion
sites. Crustal thickness values vary between 44 and 50
km in the Indo-Gangetic Plain. From the Siwalik
Himalaya to the higher Himalaya, it ranges from 44 to
65 kmFig. 37)

Muaho geomelry and its deiving mechanisms in the
North-West Himalaya: insights from shear-wave
velocity contrast across Mohao

To estimate 8P, & novel technique that utilizes P-lo-5
converted wave amplitude data was applied. The values
of 8, range from 0.7 km/s to 1.3 km/s across the area
under investigation. The o&ff,, values benecath the
Himalaya region vary from 0.7 to 1.0 km/s, whereas
with the presence of sedimentary layers, 1t jumps up to
1.3 km's (Fig. 38). This indicates that the presence of
sediments influences the &P, wvalues. The crustal
thickness (H) varies in the study from 44 to 63 km, The
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Fip. 36: Shearwave velocity models oblained by inversion of slacked PRFs are shown beneath 4 BRS stations (KAL SAM. ZIN,
and JAK). The red line represents the observed wavelorm at different stations, and the blue colour represents the
synthetic waveform obtained from the final velocity model using the inversion of stacked PRF, The grey line in the right
panel shows the |-13 starting velocity mode| used to invert the data,

scaling relation between 6f, and H is positive, which
indicates the thick erust associated with a high 6,
meaning that the presence of a low-velocity material
may be fluid at the lower crust beneath the Himalayan
region. It 1s proposed that the fluid, connected with the
weak zone, may have activated pre-existing faults,
leadig to the generation of earthquakes, It is suggested
that the accumulation of strain in the crust-mantle
transition zone, which is rich in fluid, might be
sufficient to generate seismicity in the lower crust.

Fault Plane Solutiens of local earthquakes and ifs
depth distribution in Siang Valley and adjoining
region of Arunachal Pradesh, NE India

The Siang Valley of Arunachal Pradesh, North-East
India, is one of the seismotectonically very active
regions of the world that lies in the Eastern Himalayan
Syntaxis (EHS), We have investigated seismicity, fault
plane solutions (FPS), and P (Pressure) axis orientation
in this region. 756 local earthquakes of magnitude range
(1.0 =M, = 3.9) are analysed in the region during the
period from January 2019 to December 2021. The
location of earthquakes in the current study shows the
seismically active tectonic strueture of the recion. An
evaluation of 11 earthquakes over the magnitude range
(3.2 = M < 54} to study the source mechanism is

undertaken. In addition, we choose earthquakes located
near the seismic networlc {epicentral distance = 50 km),
The space-depith distribution of hypocenters has been
investigated beneath the region along three profiles A-B
in WNW-ESE, C-D in NE-5W, and E-F in NW-SE that
pass across the significant tectonic features, e.g., MBT,
MCT, Lohit Thrust (LT), Mishmi Thrust (MT), and
Walong Thrust (WL), respectively, The depth
distribution of earthquakes in these sections is plotted
along depth-projected major fectomic features. To
visualize the distribution of seismicity with respeet 1o
depth, we have taken three profiles, A-B, C-D, and E-F
(Fig. 394, b} The A-B profile 15 across the western limb
of the Siang window, the C-D profile on the eastern
lirb, and the E-F profile is taken across the crest of the
Siang window. In profile A-B, it 1s scen that the major
thrust MBT, MCT, shows a dipping trend towards NW,
and the projected view of FPS no. 4 shows the
oricatation of one of its nodal planes along the dip
dircction of MCT, and it is a thrust faulting type; another
distribution of seismic events is associated with MCT2,
FPS no. |, 3, and 2 are lying NW of MBT where FPS
numbers 4 and 3, are shallow depth with thrust type, and
FPS no. 2 is shallow depth with normal type faulting, In
profile C-D, Bomdo Thrust (BT), Ramgarh Thrust (RT),
and Lohit Thrust (LT) are dipping in the NE direction.
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Fig.38: Shear-wave velocity contrast map across the Maho
in the study region. Inverted triangles indicate the
BBS station locations.
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Fig. 3T: Shear wave velocity models obtained by inversion of stacked PRFs are shown beneath 6 BBS stations ( ADB, SAT. KOT,
RAJ RWSE and CHM. This is similar to figure 36 but pertains to different stations,

One of the nodal planes of the fault plane solutions
{events no. 6, 5, and 7) is associated with a dipping trend
of tectonic lineaments (BT, RT, and LT). FPS no. 6 is
thrust type of faulting, 5 is Normal type of faulting, and
7 15 thrust with strike-slip faulting. In profile cross-
section E-F. which is trending NNW-SSE, its tectonic
lineaments are dipping toward NNW and S5E. FPSs no.
10 and 9 are associated with MCT, and FPS 11 is
probably associated with Lohit thrust. FPS no. 10 is a
Normal type, @ 1sa thrust type, 8 1s a strike-slip type, and
11 is a4 Normal type of faulting.

Eleven fault plane solutions (FPS) are determined
using waveform Inversion (ISOLA). The inversion
scheme is illustrated for an earthquake of M, 4.5 with a
focal depth of 15.3 km {event no. 7). Waveform data
from six stations (BLNG, GLNG, INGG, MRNG.
PADU, and YING) are used to perform the inversion
with & frequency band of 0.06-0.09 Hz. The MT
solutions are computed considering 10 trial depths
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Fig. 3%: {a) Seismicity and beach ball distribution of focal mechanizm solution (FMS ) in and around Siang Valley, Arunachal
Pradesh, based on garthquakes recorded by cight broadband seismic stations (green idangles), Tectonie features in the
region are LT (Lohit Thrust), RT (Ramgarh Thrust), BT {Bomda Thrust) and NPT (North Pasighat Thrust) Green beach
balls {Eventno. 6, 1, 10,9 & 3] evenis taken form the ISC catalogue and purple (Event no. 11, 5.4, 2.7 & B)are from the
present study, (b) Present day elevation, tectonies, and depth cross-section of seismie aetivity are shown along profile A-
B, C-Dand E-F. The depth projected view of the inferred FMSs of the local earthquake.
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Fig.40: Waveform fitat several stations for a moment tensor solution of a M, 4.5 earthquake (event date: 15° March, 2020, origin
time; 13h 10m 46.5s, event no. 7). The observed ond synthetic waveforms are represented by black and red lines,
respectively. The variance reduction factor is written in blue numbers,

57 [




g
=
-
-
e
5]
-
]
=1
-
o
"J:.
<
=

Annual Report 2024-25

{a) ww (D)
| i
[
L]
. ]
m
. -
L]
¥ ]
-
I : -
' miEy ad
E L CLVDS &
4 '
| ELlrika g Pk
L
217 E& 21
L] .| SEriks mip H b
,'E 115 T3 144
¥
. P=arinm Azimuth Flunges
' 1 169 11
. T-ax:s Arimmth PFlunge
T T T T T T 2 s T r o nr 73 g
Tirmisac)

Fig.41: Solutions of moment tensorinversion of Event Mo, 7, (a) The correlation plots reveal the source depth vs orbgin tHme shift
correlation. The bigeest black beach ball is the response for FPS with the maxinuen correlation values, The trial source
depth is indicated on the vertieal axis, The temporal grid search between -7 and + 7  with regard to the origin time is
mdicated by the honzontal axis. (b) plotshowing the obtamed focal mechanism for the best-firsolution,

ranging from 3 to 15 km in 3 km steps. Figure 40 shows
the observed and synthetic seismic waveform
correspondences for the optimal moment tensor
solution. Average variance reduction (VR=.66),
condition number (CN<=2.7) and two additional
parameters the space time wvariability index
(STVAR<0.14), which evaluates the stability of the
source position and time i a grid search as well as the
focal-mechanism wvariability index (FMWVAR<31"),
which represents uncertainty in the focal mechanism
solution are used to identify the best fit solution (Sokos
& Zahradnik, 2013). A black beach ball represents the
best-fit solution at a depth of 3 km and a time shift of ~
25, and the DC ratio corresponds to the highest
correlation value, 94%, On the vertical axis, the tral
source depth is displayed. The horizontal axis
represents the temporal grid search between— 7and +7
s with respect to the origin time (Fig. 41a & b). Based on
the geology and tectonics of the seismically active
region, the fault plane 1s studied using two nodal planes
produced by the waveform inversion technique, The
beach ball representation shows the compressional
quadrant  (shaded area) and dilatational quadrant
(unshaded area), where the P and T axes are orthogonal.
The nodal plane's strike, dip. and rake are 217", 56" and
21", respectively. To obtain the above parameters. the
same approach is used for the other selected
earthquakes. The DC% of the studied earthquikes was
found in the 65-94% range, much higher than the
percentage of compensated linear vector dipole

(CLVD%). Previous research (Sipkin et al, 1986,
Frohlich et al., 1994) has examined how the orientations
of sub-faults along a particular fault zone affect the
presence of the CLVD component in the source
mechanism.

Activity: 3

Biotic evolution with reference to Indo-Eurasian
collision, evidences for glohal events

(RK. Sethpal, Kapesa Lokho, Suman. Lata Seivastonv,
and Ningthoufant Premiic Singit)

and
hoapi

catarrhine
Support

Additional analvses of stem
hominoid dental morphology
ramunagarensis o8 a stem hylobatid

Kapi ramnagarensis was described as a stem hylobatid
on the basis of an isolated lower right M3 from ~13.0-
12.5 Ma deposits surrounding Ramnagar (J&K), India.
This interpretaticn was recently challenged, with
alternative hypotheses suggesting that it is instead a
stem catarrhine or a strangely derived pliopithecoid that
has converged on hylebatid morphology. A series of
morphological features were said to distinguish Kapy
from fossil and extant hylobatids; notably, however,
none of these features were examined or compared
using quantitative analyses. Then, we further examimed
the dental morphology of Kapi to cnitically evaluate the
hypothesis that Kapi represents a stem catarrhine or
pliopithecoid rather than a stem hylobatid, We
conducted a series of quantitative analyses on dental
teatures discussed by Ji et al. (2022) in the context of
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Fig. 42: Comparison between the M3s of Kapr ramnagarcnsis and Yeaumeupithecus xigovman, Top left: comparison of Kapi
{above) and Yuarmoupithecns {below) in ocelusal and buccal views, Top right: the same comparison with the red line
highlighting the development and extent of the bocecal cingulnm. Note that the buceal cingulom 1s longer and more
extensive in Yeammoupithecys than in Kapi, contra Jietal, (2022). Bottom left the same comparison as before, with Kapi
and Yugpmoupithecns in ocelusal and buceal views. Bottom right: the same comparison with the red ling highlighting the
erientiation of the cristid obligui. Note that the cristid obliqua is ariented mesiodistally in Kapd, even more so than is seen
in Yeanmoupithecus, contra Ji et al, (2022). CT image provided for Kapi in-all panels for belter visualizalion:
Yieanmoupithecus photograph from Jietal. (2022}, CT = computed tomopgraphy.

hylobatid, stem hominoid, and stem  catrrhine
evolution, namely entocomd size, hypoconid size,
hypoconulid size. metaconid size relative to the
protoconid, and metaconid orientation relative to the
protoconid (Fig. 42). We also provided more detailed
comparisons between Kapi, Yoanmoupithecns, and
Krishnapithecus in terms of buccal c¢ingulum
development, pliopithecine triangle development,
crown height, and ¢nstid obliquid onientation. For these
amalyses, we built on the data set used in Gilbert et al
(2020a), again sampling numerous stem catarrhine and
stem hominoid taxa representing  propliopithecids
(Aegvpropithecus and Propliopithecus), pliopithecids/
pliopithecoids (Pliopithecus, Epipliopithecus,

Laccopithecus, Egarapithecus, Anapithecus, and
Platodontopithecus), dendropithecids
(Dendropithecus. Limnopithecus, Simiolus, #nd
Micropitheens) and proconsulids/proconsuloids
(Rangwapithecus, Oravipithecus, Ekembo, Proconsul,
and Kalepithecus). We also sampled all living hominoicd
genera as well as Kapl, Yeanmoupithecus, and
Bunapithecus. In addition to the quantitative analyses,
we conducted 2D geometric morphometne (GM)
analyses of M3 crown shape and cusp position, s
quantified by 1[4 homologous landmarks, Our
comparative morphometric sample is same as that
documented m Gilbert et al. (2020a). Finally, we
conducted a phylogenetic analysis using parsimony
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Fig.43: Resuolts from phylogenetic analysis of the corrected Jietal. (2022 matrix ineluding Krishnepithooys. a) Strict eonsensus

of four moest parsimonious trees (MPTs) resulting from phylogenetic analysis of eight stem eatarrhine/stem hominoid
mgroup taxa, eight crown homineid ingroup waxa, and Kaps, including 163 characters (cramodental + postcranial), with
Aervprapithecis assigned as the sole outgroup, b) Majoritv-rule consensus of four MPTs, Numbers above branches
indicate any bootstrap values over 30%. ¢} MPT | reconstructing Kapi as a stem catarthine between Plinbates and a
monophyletic pliopithecoid clade; d) MPT 2 reconstructing Kapd as # crown hylobatid, the sister tuxon of
Svmphalangus; ¢} MPT 3 reconstructing Kapf is o stem catarrhine between Pliobates and o mionophyletic pliopithecoid
elade (note differing positions of erown hylobatids compared to MPT 13 £} MPT 4 reconstructing Kepi 48 a stem
hyobatid between Micropithecus and Yoammoupitheons, Tree length =44 U sieps, C= 05079, HI = 04921, R1=(0.6604;
RC=0.3354.
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inference on a modified version of the Ji et al. (2022),
Four MPTs were recovered, with Kapi placed as 4 stem
hvlobatid, a crown hylobatid, or a stem catarrhine
branching off between Pliobates and a monophyletic
pliopithecoid clade including Epipliopithecus,
Laccopithecus, and Krishrapithecus. Bootstrap support
is low for most clades, with only extant great apes,
Yuanmoupithecus + extant hylobatids. and
pliopithecoids  (Epipliopithecus +  Krishnapitheens!
Laceopithecus) receiving a bootstrap support over 50%
(Fig. 43). Kvishnapithecus is always reconstructed as a
pliopithecoid. specifically as the sister taxon to
Laccopithecns (among included taxa). Interestingly,
Pliobates is not recovered in a monophyletic
pliopithecoid clade, instead being recovered outside of
the other pliopithecoids as a separate. earlier branching
stem catarrhine.

It is important to note that while the totality of
available evidence suggests that Kapi is most likely the
earliest known hylobatid, it is difficult to be certain of its
true affinities, given that it is only represented by a
smgle lower night M3, While lower M35 are generally
maore variable than M s and M2s, this variation can lead
to greater evolvability, makingM3s more distinctive
between taxa and thus, in some ways, more
taxonomically informative (e.e., Mongle, 201%). This
inference 15 also supported by our multivanate analyses
demonstrating  clear separation in M3 occlusal
maorphology between major groups. Thus, as long as the
lone specimen of K. ramnagarensis preserves
morphology close to the true species average (the
statistically most likely scenario and default
assumption), its overall similarity to extant hylobatids
among non-cercopithecoid catarrhines is compelling.

Functional and Ecological Implications of the Late
Miocene Siwalik Rodents based on Incisor Enamel
Microstructore

Fossil redent teeth are well known from the Neogene
Siwalik Group of sediments and ean provide insights
into the evolution, taxonomy, diets, and adaptations to
various ecological niches. However, data on the
microstructure of rodent incisors from the Indian
Neogene Siwahk sediments is sparse compared to that
on molars. We have analysed the enamel
microstructures (in both transverse and longitudinal
sections) of a selected few rodent incisors from the late
Miocene (~10-11 Ma) Siwalik sediments at Dunéra,
Punjab State, north India. Based on the microstructure
amalysis, the rodent incisors are identified a5 cf
Progonomys (murids), ef. Democricetodon (cricetids),
ef. Savins (ctenodactylids), and ef, Temias (sciurids).

The identified ef. Progonamys, of, Democricetodon and
cf. Tamias are represented by uniserial Hunter-Schreger
Bands. whereas cf. Savimys shows multiserial Hunter-
Schreger Bands. Besides taxonomy, the functienal and
ecological significance of these rodents has been
studied using enamel crysiallite patterns: because the
microstructural changel(s) in incisor enamel is generally
linked to the variety of diets consumed by these
mammals, In our analysis. the absence of modified
radial enamel in the incisors of cf. Progonomys, cf.
Demoericetodon and of. Sayimys suggests that these
rodents plausibly consumed a soft diet comprising of
leaves, flowers, seeds, fleshy roots, and insects, while
the presence of specialized three-layered
Schmelzmuster in the incisors of cf, Tumias sugpgests
that the rodents may have preferred a diet composed of
relatively harder parts such as acomns, walnuts, and
hazelnuts,

Quuntifying the equatorial climate shifts in the Indo-
Burma range using late Eocene—early Oligocene leaf
fossils

The tectonic journey of the Indian Plate from its origin
in Gondwanaland to its eventual position in the
Northern Hemisphere is a remarkable geological
odyssey spanning approsimately 150 million years,
Dring this period, India traversed an estimated 9000
km, crossing various latitudinal zones and experiencing
a dynamic array of climatic regimes due to variations in
msolation and land-ocean configuration (Chatterjee et
al.. 2013, Srivastava et al., 2023, 2024). The Paleogene
epoch of the Cenozoic was characterized by
significantly warmer global temperatures compared to
the subsequent Neogene epoch. (Zachos et al., 2008:
Westerhold et al.. 2020), This pronounced warmth is
largely attributed te elevated atmospheric
concentrations of carbon dioxide (COL) (= 1000 ppm), a
potent greenhouse gas, which gradually declined from
the early Paleogene onward (Anagnostou et al., 2016;
H onisch et al,, 2023). The Paleogene also witnessed a
series of prominent hyperthermal events, including the
Paleocene—Eocene Thermal Maximum (PETM  or
ETM1), Eocene Thermal Maximum-2 (ETM2), the
Early Eocene Climatic Optimum (EECO), and the
Middle Eocene Climatic Optimum (MECO) (Zachos et
al.. 2008; Westerhold et al., 2020). Extensive research
lhas been conducted on marine sediments to unravel the
effects of Paleogene warming on oceanic chemistry and
marine ecosystems, but studies focusing on terrestrial
sediments are comparatively scarce and primarily
concentrated in mid- and high-latitude regions (Wing et
al., 2005; Zachos etal,, 2010; McInemey & Wing, 201 1;
Krishnan et al,, 2014; Willard et al., 2019; Li et al,,
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Fig.44: Fousil leaf floras utilized for the CLAMP analysis. A, OTU 1, B, OTU 2, C.OTU 5, D.OTU 10, E.OTU 13. F OTU 3. G
OTUTH OTUALOTUA LOTURK.OTU 2L OTUS M OTU A N.OTU 1L O.OTU 13

2023). We have quantitatively reconstructed the climate
of the Laisong Formation using fossil leaf
morphological traits deposited during the late
Eocene-early Oligocene (Fig. 44). The reconstruction
suggests a mean annual temperature (MAT) of 23.3 +
2.3 o and a cold month mean temperature (CMMT) of
19.2+ 3.5 «C. Furthermore, the growing season (LGS)
persisted throughout the yvear (12 months), with a mean
annual precipitation (MAP) of 2442 + 643 com,
exhibiting distinet rainfall seasonality between the rainy

summer (130 + 40 cm) and dry winter (21.7 + 9.8 cm)
seasons. The study further reveals that the northward
migration of the Intertropical Convergence Zone,
driven by Antarctic glaciation, led to increased rainfall
in low-latitude regions.

Paleolake sediments, Jankar Chu Valley, Lahaul
{Himachal Pradesh)

A paleolake located at an elevation of 4010 meters
above sea level i the Jankar Chhu Valley, Lahaul
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{ Himachal Pradesh), was investigated to reconstruct the
late Quaternary climate and vegeration history, The
Jankar Chhu Valley spans an area of approximately 695
km®. The region has early Paleozoic granite (gneiss) and
metasedimentary rocks of the Haimanta Group,
including phyllite. schist, garnet schist, and graphitic
schist. The valley's landscape has been shaped by a
combination of glacial and fluvial precesses during the
Quaternary period. Positioned in the monsoon-arid
transition zone, the region is influenced by both the
South Asian Monsoon during summer and mid-latitude
westerlies in winter.

A 165 cm-long sedimentary profile was sampled
from the paleolake, with samples collected at every 1
cm intervals for multi-proxy analysis. The Jankar Chhu
Valley remains largely unexplored, pristine, and free
from significant anthropogenic disturbance. Its high
sensitivity to climatic changes, particularly shifts in
precipitation, makes it an ideal site for reconstructing
the past climate and environmental conditions in the
Lahaul region. The chronology of the Jankar Chhu
paleolake was established using Accelerator Mass
Spectrometry (AMS) radiocarbon ("C) dating,
conducted at ITUAC, New Delhi. Analyses of total
organic carbon (TOC) and grain size from the lake
sediments reveal a climate history spanning the past
~ 19,890 calibrated vears before present (cal yr BP). The
deglaciation in the region has initiated the sediment
deposition in the lake system prior to ~19.9 cal yr BP.
During the post-Last Glacial Maximum (LGM) period
(~19.9 to 16 keal yr BP), strong Westerly influences and
glacial control led to negligible total organic carbon
(TOC) content and a high proportion of sand deposition
in the lake. Between ~16 and 13 keal yr BP, a decline in
sand content alongside an ncrease in clay and silt
suggests -4 more stagnant lake environment,
characterized by low-energy transport and reduced
meltwater input from the catchment. Despite this shift,
TOC values remained low, indicating limited organic
productivity inthe region during this time. Between 13
and 11.6 keal yr BP, decreases in TOC. clay. and silt
content, along with a slight increase in sand percentage,
indicate anid conditions in the region, This period
corresponds to the globally recorded cold-dry event
known as the Younger Dryas period. During the
Holocene Climatic Optimum (~11.6 to 8.5 keal yr BP),
TOC content began to rise gradually, while clay and silt
percentages also showed an increasing trend. These
changes suggest improved moisture availability and
enhanced vegetation growth, likely driven by the
strengthening of the Indian Summer Monsoon. During
the mid-Holacene period (—8.5 to 4.2 kcal yr BP), the

slight increase in TOC values and stagnant trends inclay
and silt percentages and increasing percentages of sand
were interpreted as a high sediment transport by
persistent Westerlies and glacial meltwater input. In the
late Holocene (~4.2 keal yr BP to present). a significant
ingrease in TOC levels, despite continued declines in
clay and silt percentages. points to enhanced organic
productivity, possibly driven by more favorable
climatie conditions or localized ecological changes.

Activity: 4

Climate wvariability and landscape responses in
selected transects in the NW and NE Himalayva
tfuvendra Singh, Sont Dutt, Anil Kumar Chhaid P
Pendey, Suedipta Saikor Subdafir Salg and Prakasam M)

Sedimentological modelling of the Rautgara
Formation, Lesser Himalayan Sequence

The Meso- to Neoproterozoic Rautgara Formuion
exposed in the Himalavan Orogenic Belt of NW India
(Fig. 45a. b). offers a chance to study a well-preserved
fluvial-marine transition to nearshore sedimentation. A
detailed sedimentological analysis identifies six
penetically linked facies associations (FA) probably
deposited in a barrier, back barrier, and subtidal deltaic
environments. The facies partitioning, observed in the
present study, between wave-dominated and tide-
influenced’ dominated deposits can be explained by an
inshore ude-influenced/dominated and a4 shoreling
dominated by swelling waves, respectively. During the
Highstand System Tract (HST), north/northwestern
(N/NW) flowing fluvial systems carried sediments to
the east-nprth-east to west-south-west (ENE-WSW)
shoreline (Fig, 46ab). Later. through late HST. the
shoreface-foreshore system was established by
reworking the shoreline’s sediments via longshore or
storm currenis (Fig, 46c¢), These wave-dominated
shoreface-foreshore deposits (FA L and FA 11) acted asa
barrier, offering a mechanism for separating otfshore
and inshore processes. The fuvial system was
transgressed during the Transgressive System Tract
{TST, Fig. 46d). Erosively overlying FA [l deposits at
L5 with 'lag deposits’ at the basal part and well-
developed lateral accretion (LA element)’ point bar
deposits, evince tidal reworking of the fluvial channels.
With increases in tidal energy and spit formation within
the barrier-shoreface system, the tidal inlet (FA IV)
opens. and deposition occurs by flood tidal and wave or
storm currents. The close association of the FA I1I and
FA IV deposits evidences continuous, steady
transgression. The relatively fine-grained sediments of
the tidal flat (EA V) likely represent the filling of tide-
dominated back-barrier environments. Subtidal sand

ﬁ.
>
-
ot
|
&=
-
Pt
o

43




g
E
=
b
—
5]
-
]
=1
-
—_—
'J:.
=

Annual Report 2024-25

Bl i nttiiusche

| I Mivmeitin Gs b | o e e - v , " -f‘"':.'lrr.' kemionn
[ Juungar Gr . i . =3 : — .
| Tajem Gr f ] : I
| R Chharmtin Gir A pe SR o b, e
Berinag G

| I Cry=ialing bodies

Fig.45: () Detailed geological map of Lesser Himalaya {modified after Valdiva, 1980}, Garbwal-Kumaon sector, where OLH
{outer Lesser Himalaya) is separated from ILH {(Inner Lesser Himalaya) locally by southward dipping TT (Ton Thrust)
and crystalline bodies are the klippe overlying basinal sediments. Studied road section is marked. (b} Google Earth
umage shawing the locations (LI to LY) of the studied sections along the Snnagar-Rudraprayag Highway. Note that the
studied sections are located in the southeastern limb of a regional antiform. Inset shows the cross-section along the A-B
and C-Dransects (marked in'a"), respectively,
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Fig.46: a) Ternary provess based classification of coastal deposits showing tinge of possthle environments for the mixed energy
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deposition took place,
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bar (FA Y1) with dominance of food-dominated
currents over the ebb current and wave influence,
possibly deposited at a distal part (seaward compared to
FA V) with an open ocean connection during the late
TST. However, wave-generated facies (FA I/ FA LL) have
not been encountered  directly  below the EA VI
succession at LY. This may be due to the erosive action
of the marine agents during transgression. As in
macrotidal (= 4m) settings, barrier shorefaee succession
is generally suppressed, and the above-identified facies
arrangement possibly indicates a mesotidal (2-4m)
range. In addition. there is no evidence of a macrotidal
barrier island/lagoon system in the literature. Besides,
in a shoreline supplied by multiple rivers, there was
likely extensive along-strike variability in coastal
morphology. including lobate, linear and embayed
shapes, and simultaneous coastal progradation and
retreat, Therefore, the sedimentary facies identified in
the study area support the interpretation of the
depositional regime as a mixed wave-tide dominated
barrier-back barrier {inlet) detting built on a roughly
ENE-WSW paleoshoreline. where the sediments were
brought down by the N/N'W flowing river systems along
an open coast,

speleothem inferred Indian summer monsoon
variability in the Himalayva

We have developed speleothem oxygen isotopes
records of Indian summer monsoon (ISM) variahility in
the Himalayan regions during the past. A record from
the Bhiar Dhar cave, Uttarakhand, Northwest Himalaya
indicates ISM changes in northwestern Himalaya
berween 309 and 260 kyr BP. Weakenine of ISM
conditions occurred between 309 and 292 kyr BP and
from 286 to 264 kyr BP (Fig. 47). A sudden and very
strong phase of ISM-linked rainfall begun at ~291 kyr
BP which continued till 286 kyr BP(Fig. 47). The orbital
scale changes in the ISM rainfall from 300 to 260 kyr BP
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Fig.47: Reconstrueted 80 time series from the Bhiar Dhar
cave, Uttarakhund, northwest Himalaya (Present
record i blue colour) in eomparison with global
C0, concentration in the atmosphere reconstructed
from EPICA Dome C (Jourel et al, 2007; red
colour).

in the siudy area appear to have been driven by the
global ice cover and atmospheric CO, concentration
supcrimposed by the northern hemisphere solar
mnsolation. Another record has also been developed
showing changes in ISM conditions during MIS-7 and
MIS-6.

Landscape responses (o climaie change and

fectonics

Uttarakhand state has experienced a rise in cloudburst
catastrophes in the last few decades. The cloud burst
occurred on 20-21 August 2022 in Dehradun district is
examined for geological and geomorphological
controls. The study reveals steep slopes, rapid peak
flows, a sharp peak hydrograph, poorly developed (low
drainage density) drainage and a short concentration
time, worsening the impacts of the flood. The river
discharge was 50 to 100 times higher during the event
than normial monsoonal discharge (Fig. 48), Another
study from Pangong Tso Lake, Ladakh Himalaya
exhibits strong source-to-sink connectivity, prompt
response to sediment supply and accommodation space
changes. The deltaic evolution of Pangong Tso is
controlled by a series of lake-level fluctuations along
with a significant role of fluvial supply since 13 ka. The
upper Satluj Valley is also examined to understand the
responses of long-term tectonic-climatic coupling in
landscape building processes using various
morphometric analyses and field investigation. Results
reveal that the Satluj Valley has dynamic tectonics, as
indicated by geomorphic features such as dammed lake
deposits, river ponding, deep gorges, high relief, fault
scarps, and widespread landslides. These features
underscore the landscape instability and topographic
irregularitics:
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Fig. 48: Different components of the hydrograph doring the
flash flood on August 20, 2022,
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Fig. 49: Resulis of speciral analysis using Past v 4,11 for 88
Tso Lake sediment data during last 4500 years,
Numbers shown above the peaks are periodicities in
VEArs,

Spiti,

Late Holocene climate history of the

Northwestern Himalaya

The multi-proxy records ( quartz. calcite, muscovite. ylf,
and & 'C, ) during the Late Holocene sediments at S8
Tsp Luke present o comprehensive picture of climate
variability and environmental fluctuations in the Spiti
arca, Our results demonstrate that selar insolation has
been the primary driving force behind  climate
fluctuations, with warmer periods receiving more
precipitation  (2600-2200 BCE. -1500-900 BCE,
~700-100 BCE, -800-1300 CE, and ~1800 CE to the
Present) and cooler intervals receiving less precipitation
(~2200-1500 BCE, 900700 BCE, ~100-900 CE, and
~1300-1800 CE)., These chimatic fluctuations have
affected the luke environment and the sediment sources
in the region, and cavsed fluctuations in weathering
patterns and erosion through the watershed area. The
highly significant correlation of the records to regional
paleoclimate records illustrates the overall coherence of
climate fluctuation in the northwestern Himalaya, The
spectril and wavelet analysis of carbon isotopes
highlights the contribution of the solar cyele (326, 516,
1032, 1548 and 3097-year) other large-scale
oscillations to the lueustrine system (Fig, 49), This study
provides w critical perspective on the environmental
history of this fragile high-altitude environment during
the last 4500 years.

Late Quaternary centenniol to millennial-scale
climate and vegetation changes of the Lahaul-Spiti
Himalaya: a muit-proxy record

Chronologically constrained multi-proxy data sets have
been developed to reconstruct the centennial to
millennial-scale climate and vegetation history.
especially, during the Holocene period from the north-
western Himalaya and Indo-Gangetic Plain. Soil and
peat samples from few study areas, located in the
Lahaul-Spiti region of Himachal Himalayo have been
analyzed for sedimentological and geochemical
proxies. Radiocarbon age dating of samples at specific
depths from these study locations was conducted at the
Inter University Accelerator Centre ([UAC), New
Delhi. The Falder Area of Spiti Valley will provide
around 13000 years of paleoclimatic record. The soil
profile from the study area provides a clear picture of
decreasing concentration of finer grained particles (clay
and silt) from older to younger sediments, which
indicates the increasing energy condition of the
depositional basin towards the top. The magnetic
susceptibility (xIf) gradually increases, and the total
organic carbon decreases towards the younger time
scale, iLe., towards the top of the profile. The
depositional basin gradually changed its depositional
condition from low to high energy towards the younger
time period. Moreover, increased organic matter
{(increased Total Organic Carbon values) at the lower
part, i.e, older period of the section, indicates warmer
and humid paleoclimatic condition of the area during
the older period, when the crganic productivity seemed
to have increased due to favorable conditions.

Optical and physicochemical characterization of
atmospheric aerosols from Uttarakhand Himalaya,
Indin

Atmospheric aerosols are complex mixtures of solid
and fiquid particles suspended in the air, originating
from natural or anthropogenic sources. The intricate
composition strongly influences climate, air quality.
and cryospheric processes, especially in sensitive
environments suchas the Himalavan region. The optical
and chemical characterization of total suspended
particles (TSP) acquired from Gangotri Glacier Valley
during the pre-monsoon season in May 2016 wuas
performed using Raman micro-spectroscopy, Our
preliminary analysis revealed that agrosols contained a
complex combination of carbonaceous species,
including black carbon (BC) and organic carbon (OC),
as well as oxidized funetional groups such as carbonyl
and hydroxyl, indicating the presence of secondary
organic aerosols (SOA), Additionally, peaks associated
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Fig. 50; Satellite image of sampling site along the Gangotrt Glacier Valley {Gangotri, Chirbasa, Bhojbasa, Gawmukh} with an
inset image showing the ficld image of Black Carbon monitoring setup at Chirbasa, (a-d) Raman spectra mdicating the
presence of black carbon with characteristic D and G bands,

with aliphatic hydrocarbons, ammonium, sulfates,
nitrates, and mineral dust confirmed contributions from
primary and secondary sources, This diverse chemical
composition reflects the possible influence of regional
transport, particularly from the Inde-Gangetic Plain,
and atmospheric aging during long-range movement,
Raman spectroscopy proved highly effective in
identifving molecular-level aerosol components

without complex sample preparation. These findings
could enhance our understanding of agrosol behavior in
high-altitude environments and their connections 1o
glacier melting, radiative forcing. and regional climate
variability, Figure 50 depicts the satellite image of the
study site, and plots (a-d) show the Raman Spectra
indicating the presence of D and G bands,
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Tree ring record from the Lahawl region, Himachal
Pradesh

Ring-width chronology (1670-2022 CE) was prepared
using tree cores of the Picea spthiana [{(Wall)) Boiss],
growing on the right bank of the Chenab River in the
Luhaul region, Himachal Pradesh. The chronology was
truncated at 1 838 CE based on the Expressed Population
Signal (EPS) value =0.85 and used in further analvsis.
Tree-growth climate analysis revealed that tree growth
has a direct (positive) relationship with precipitation,
except in December of the previous vear and in January,
April, July, September, and October of the current year.
In contrast, a significant relationship was observed
berween precipitation and tree growth in February
through October of the current year, The temperature
revealed an inverse relationship during most months.
However, November o the previous year and June, July
and September of the current year exhibited a positive
relationship in tree growth. Notably, a significant
relationship in tree prowth was observed for the
temperatures in March, April, and September of the
current year. The significant relationship was observed
i temperature in the March, Apnl and September of the
current yvear. Furthermore, analysis indicated that ring-
width chronology has a strong positive relationship with

Al BOr T

seasonalized  precipitation during  February-March,
Such 4 strong relationship in precipitation and ring-
width chronology in February-March could be used to
infer the precipitation variability during the past 155-
vears, The chronology capiured the highest indices
during 1951-1961CE and the lowest in 1858-1868CE,
reflecting wettest and driest periods, respectively in the
entire series.

Activity: 5

Geological and geomorphic controls on landslide for
risk assessment and zonation in the Himalaya
fRhayvingyhime Luives, Swapmamite O, Vaidesweran,
Naveen Chandra and Tarig Anwar Anxari)

Neotectonic activity along the Main Boundary
Thrust and Main Boundary Fault zones in the SE
western Himalava as evident from morphotectonic
leatures

MNeotectonic activity in the Main Boundary Thrust and
Main Boundary Fault zones of the Sataun area is well
discemible in the outerops, Google Earth imagery, and
topographic maps. Fault traces are observed in the
Barthal-Sataun and Bhatrog-Nagetha sections that
stretches for about 48 km long intervens by sections

M
Nt

i Al

Fig.51: (a) Google Earth images showing fault trace of the Main Boundary Fault (MBF) between Sataun and Baila (marked by
vellow mangles), the fault scarp 15 south dipping with development of sag ponds along the fault ace: (b} Google Earth
image showing sag ponds in a lnear arcangement along the [ault trace: {c.d) highly sheared bedrock and stretching
lineation obhserved in the foorwall bleck of the MBF; (e.f) formation of sag ponds on the downthrown side of thie fault (2)
south dipping fault scarp showing slickensides im the bedding planes indicating bedding parallel movement in the

Iimestone,
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where no tectonic landforms are developed. In the
Barthal-Sataun area the fault trace measures more than
25 kmin length (Fig. 51). The fault trace is formed along
the MBF and across the ridge the dip of the bedrock and
fault scarp changes from south dipping 1o NNW-NKE
dipping. In the Baila-Kansar area the MBF zone is
defined by highly sheared bedrocks of limestone, shale,
and sandstone, comprising the hanging wall and
footwall blocks. respeetively: Along the fault trace
between Baila and Chhichheti the fault scarp dips
towards the south and is represented by small, linearly
aligned hillocks. Parallel to it is the Kandon ka Khala
Fault along which the Kandon ka Khala flows. Apart
[rom these faults two other parallel lineaments are also
observed, which are 7 kmand 3.5 km long, respectively.
The MBF at the Baila-Kansar area 15 north dipping, and
the fault zone is defined by highly sheared bedrocks; in
the footwall block stretching lineations are developed.
East of Kansar the MBF becomes vertical to south
dipping as observed during the present study. It is
represented by fault trace and sag ponds. The fault scarp
15 observed in the imestone bedrock with an attitude 60°
towards 1857 and slickensides are also developed in the

Fault trace

bedding plane indicating bedding parallel movement.
The fault scarp measure about 34 m in height. The sag
ponds here are formed on the downthrown side
{footwall) of the fault, which can be explained to have
formed due to relative downward movement of the
hanging wall block with respect to the footwall block.
followed by accumulation of water during the monsoon.
At Achhaun, related structural fabric in the form of
shear zone, fault scarps, and faults are observed in the
alternation of limestone, sandstone, and carbonaceous
shales and is exposed along the stream section where
rocks of the pre-Siwalils dip 627 towards the southeast-
south. As the movement is parallel to the bedding no
significant displacement is observed, but the rocks in
the footwall-block are highly sheared. At Kyari, along
the Kyari-ka-Khala, a steeply dipping fault scarp is
observed upstream. Conjugate sets of the faults are also
prominent in the highly indurated sandstones; one set
dips towards the southwest while the other dips
northeast. At Chhichheti, the fault zone is about 200 m
wide, and a fault depression is formed ar the hanaing
wall block. The footwall noted along the road-cut is
made up of steeply (75°-85%) dipping sandstone that dip

Fig.52: (a) Google Earth image showing the eastern part of the Bhatrog-Nagetha fault trace, the fault trace has been displaced by
two sinistral strike slip faults ina later phase of fanlting (b,e,d.¢) field photographs showing fault traces, fault scarps and
sag ponds in the ated, insetin figure (d) shows stereoplol representing oricntation of the bedrock, fault scarp and fracture

planes,

RESEARCH ACTIVITIES
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towards NW to NE. while the bedrock in the hanging
wall dip moderately (40°- 44°) dip towards NW 1o NE.
The fault zone is marked by highly crushed rocks; fault
movement is parallel to the bedding. Deown dip
lineations are mmprinted on the sandstone bedrock.
Further eastward, this fault trace is parallel to the
Kandon-ka-Khala; in the topographic map, it is marked
by linear elevated hillocks, while in the Google Earth
image, it 15 represented a linear depression of about 2-
kmin length.

Eastward of the Giri River, from Bhatrog to
Kulthina, a curvilinear fault trace is observed: while
from Karog to Nagetha in the east, the fault trace
trending almost E-W is nearly straight (Auden 1934;
Rupke, 194; Oatney et al. 2001; Virdi and Philip, 2006)
{Fig. 52). The fault trace cut across the MBT obliguely
near Bhatrog, There is change in the strike of the fault
trace from NE-SW trending in the western segment to
E-W trending in the eastern segment. The fault scarp
trend alsoe swings from the northwest to the north
dipping. Between Bhatrog to Kulthina the fault trace is
discontmuous and modified by the slope processes and
streams. The maximum height of the Fault scarp is about
70 . In the westérnmost portion of the fault trace near
Bhatrog the fault scarp has been formed in old landslide
debris, as observed at Sikna and Shilon. It 15 most
prominent between Shilon and Kaner where the fault
scarp 1s made up of bedrocks, while the fault trace at
Shilon and westward is formed in the landslide debris
and has degraded with time due to erosion. At Kulthina-

Karog, the fault zone i1s marked by a wide depression af

almost 530 m, and the fault scarp is about 45 m in height.
The fault depression is most prominent along the spur.
This depression, about 450 m wide in the eastern
segment, has been modified by stream erosion. The beds
in the footwall dip 257 towards the northeast while those
in the hanging wall dip 22° southwest; the fault scarp
dips steeply (75°) towards the north (355%). Furthereast
of Kulthina, at Navillparli, the fault trace is 800 m long
and 60 m wide; the fault searp is more prominent in the
west. The fault scamp develops in slate bedrock at Agron,
which dips north. Near Nagetha, where the rock beds
dip steeply towards NNE. the fault scarp is very
prominent. The footwall block 1s made up of slates that
dip SW. Several fractures trend parallel to the fault searp
and numerous joint and fracture planes related to the
fault are discernible in the footwall rock. The maximum
height of the fault scarp here is about 80 m. Water
accumulates in the sag ponds during the rainy season.
On the footwall the bedrock dips gently to moderately
(147-44%) towards SW (242°-247%), and the frocture
planes parallel to the fault scarp dip steeply (63°-677)

towards NNE (8°-167). while the hanging wall rock dips
gently (15%) towards SW (2357). The displacement of
the fault scarp at Bharli and Kulthina points to a later
phase of tectonic activity. At Kulthina. the fault trace has
been displaced by about 700 m by the sinistral, strike-
slip STF. Similar observations were made based on the
displacement of the MBT and Bilaspur Thrust. Near
Bharli, the fault secarp is displaced by a NNE-SSW-
trending sinistral strike-slip fault by about 150 m. This
strike-slip fault trends parallel to the fault that displaced
the fault scarp at Kulthina. To the south of Navi Uparli
two small stretch of fault scarps parallel to the main fault
scarp is observed. and at Lobhi and Hatwar-
Panjabiwala. The fault deflects the stream, and the
deflection is parallel to the trend of the fault scarp. Tt is
about 40 min height and 280 m in length. [t dips towards
the north, trending almost E-W, This fault searp does not
extend eastward, possibly due to erosion during the
earlier phase and the deposition of the massive landslide
debris in the later phase. East of Navi Uparli two traces
of fault scarp merged ar Kangra. The fault depressions
are more prominent along the spurs.

Landslide risk assessment in the Ram Ganga
Catchment, around Chaukhutiva and Tadag Taal,
Lttarakhand

In the Himalayan region, the steep slopes and deep
vallevs create localised weather patterns, increasing the
intensity and severity of rainfall events, thereby posing
risks to slope failures, The Ram Ganga Catchment in the
Almora, Chamoli and Rudrapravag districts of
Uttarakhand is characterized by litho-structural units
which are undergoing continuous denudational
processes { Kaushik et al., 2023; Kothyari, 2008). Tadag
Taal is a rain-fied lake in the Ram Ganga basin, close to
Chaukhutiva. With the changing climatic patterns and
the rise in extreme weather events, the possible risk of a
lake outburst flood from the Taal Volcano may be a
coneern. To address such risk, a study was done to
generate a geological database assessing the potential
hazards in this region and the lake. Utilizing a
comprehensive methodology, land use and land cover
(LULC) change in the study area and susceptibility
mapping are integrated for a risk assessment of the study
area. Objectives also included analysing centennial and
decadal climate patterns, understanding sedimentation
rates over the past 1500 vears, analysing the change in
the lake area with fluctuating climate patterns and
change in LULC to determine the anthropogenic effect
in the study area, ArcGIS and Excel were vsed 1o
process the data. The results reveal a decreasing trend in
precipitation over the pasl century, with significant
variahility acrpss différent time scales. Additionally,
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Fig. 53: LULC of the Ram Ganga calchmen! using Sentinel-2 imagery with a 10-meler resolulion from April 25, 2024,

land wse changes driven by human activities have
contributed to alterations in the study area.

LULC map of the basin was ereated using ESA
Sentinel-2 imagery with a 10-meter resolution from
April 25, 2024, The supervised classification results for
April 2024 are shown in figure 53, Dense Vegetation
covers approximately 5,574 km?, representing 34.21%
ofthestudy area, Agricultural land occupies about 3,182
km?, making up 19.53% of the srea, barren lind spans
approximately 2,018 km?, making up for 12.39%,. Water
bodies, flood plains, and the built-up regions cover 3
km? (0.02%), 2.5 km? (0.02%), and 105 km? (0.65%) of
the basin, respectively. A landslide susceptibility map
was generated using the Frequency Ratio Method for
the catchment by evaluating several factors, including
slope, geology, soil type, land use, Vegetation, and

L

R

rainfall (Fig. 34). The frequency ratiomethod involvesa
statistical analysis to estimate the probability of
landslides in a given area. The results show that most of
the area falls within the moderate susceptibility zone,
followed by low and high zones. Although the very high
susceptibility zone is relatively small, continuous
changes in environmental conditions, topography, and
climatic factors such as rainfall continpally alter the
lithology of the study area, The North Almora Fault, in
particular, exhibits a higher susceptibility zone,
indicating potential landscape uplift,

Geo-morphometric  paramelers are calculated
considering the Ram Ganga River, which stretches
8lkm within the study area. To estimate Ksn, the
drainage area is normalised for a given reach using a
reference concavity theta, corresponding to the regional
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Fig. 54: Landslide Susceptibility Map of the Ram Ganga catchiment with landslide mventory of the aren for validation.

concavity in areas unaffected by tectonic influences
(Wobus et al., 2006), The Stream Length-Gradient
index, which provides a direct measure from a stream
profile, has also been derived, The indices are seen to
respond to the same geomorphic controls, such as
lithological boundaries, tectonic uplift, or erosion
processes. Pedaks or changes in the graphs may represent
knickpoints indicating tectonic activity or variations in
rock strength. The SL Index. assessing the channel slope
and length relationship. highlights regions with steep
gradients that may signify active tectonic regions or
variations in rock strength. Peaks in the SL Index along
the tributaries feeding into the Tadag Taal suggest areas
mare suseeptible to erosion and landslides, These steep
tributary channels contribute to rapid water Hlow into the
lake during heavy rainfall, influencing the lake water
level and increasing the risk of overflow and flooding,

Geospatial lnndslide susceptibility mapping

Landslides are among the most recurrent and
destructive geological hazards in mountainous regions,
posing serious threats to life, infrastructure, and the
environment, The Garhwal Himalaya in norther India
is particularly pronie to such hazards due to steep terrain,
complex geological structures, intense rainfall, and
increasing anthropogenic pressures, In this context,
landslide susceptibility mapping (LSM) serves as an
indispensable tool for identifving areas at nsk and
supporting effective disaster preparcdness and
mitigation strategies. This study presents a
comprehensive LSM of Tehri District, Uttarakhand,
employing two widely recognised statistical and multi-
criteria  decision-making models; the Analytical
Hierarchy Process ( AHP) and the Frequency Ratio (FR)
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model, These models were integrated with peospatial
tools. within a GIS environment o analyse the spatial
correlation between historical landslide events and
various contributing factors. Fifteen causative factors
were considered for thematic map preparation. chosen
based on their geomorphological, hydrological, and
environmental relevance. These include slope;
elevation, aspect. relative relief, curvature,
geomorphology, stream power index (SPI), geology,
normalized difference vegetation index (NDVI),
distance to lineament, land use and land cover (LULC),
distance to stream, topographic wemess index (TWI),
distance to road, and annual rainfall.

A comprehensive landshide imventory comprising
2,612 recorded landslide events was compiled using
remote sensing data and secondary sources to support
model development and validation. The dataset was
splitinto a training set (70%) for model calibration and a
validation set (30%) for performance evaluation. The
susceptibility maps were generated through the FR
model (Fig. 55). The performance of each model was
assessed using success rate and prediction rate curves
(Fig, 56), The AHP model achieved a success rate of
78.7% and a prediction rate of 76.5%, demonstrating
good overall reliability, However, the FR model
exhibited supenior predictive capability, with a success
rate of 81.3% and a prediction rate of 80.3%, confirming
its robustness in capturing the spatal likelihood of
landslide occurrence in the study area. These results
underhne the practical effectiveness of the FR model for
landslide susceptibility assessment in complex
mountainous terrains, where physical conditions and
triggering factors vary significantly across short spatial
scales. The final LSM outputs are highly beneficial for
regional planners. disaster management authorities, and
infrastructure developers. enabling them to prioritize
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mitigation efforts and implement resilient land-use
policies. In conclusion, this study contributes to the
growing research on Himalayan landshde risk and
demenstrates the wvalue of combining statistical
modelling with geospatial analysis to generate
actionable insights for sustainable development and
risk-informed decision-making in vulnerable regions.

An integrated approach combining physical and
numerical maodels for the early prediction of
Inndslides

Shallow Iandslides, oftenly referred as soil slips. are a
common gephazard that occur in various geo-
environmental contexts worldwide, leading to
significant destruction. These events involve separpting
surface soil lavers from shallow depths on slopes,
mainly due to the rainfall. This research seeks to
develop a slope monitoring system  for the early
detection of these shallow landslides or soil slips slope
failures. Traditional landslide prediction systems
generally consist of a wireless sensor network, a base
station, and a remole monitoring system. This
configuration monitors slope movements and detects
shifts before failure, activating the warning alarms. The
sensor system developed for this research incorporates
multiple sensors to measure eritical parameters, such as
temperature, soil moisture, rainfall, and acceleration
(Fig. 57). Further, we designed a routing protocol where
each sensor node communicates with neighbouring
nodes and uses multi-hop communication to send
collected data to the station. These routing strategies can
effectively reduce energy consumption. and future
improvements in energy-efficient routing protocols will
enhance coverage area and longevity. By analysing
these measurements. our aim 15 to determine threshold
values, allowing for the prediction of potential slope
instability and subsequent landslide events, It requires

Data foreeast |

Senwor node

—

Fig. 57: Architecture of the wirtless sensor network for landslide monitoring.




Annual Report 2024-25

the formation of a small-seale physical model that
utilizes wireless sensor networks to monitor slope
tailures. Also, it continues to underscore the crucial role
of moisture changes caused by precipitation in
influencing slope stability, highlighting the need to
incorporate soil hydrological data into laboratory-scale
landslide monitoring systems.

By employing a physical model at the laboratory
scale and numerieal simulations, the study indicates the
significant effects of raimfall infiltmtion on slope
behavior and stability. This was achieved by increasing
simulated rainwater flow intensity over intervals (dry
condition, from =0 to =30 min., (.3 mm/mim. from
=30 to =60 min,, (.75 mm/min. from =60 to =91 min.
and 1 mm/min. from =91 to =120 min.}. The
experimental results, obtained by incrementally
increasing simulated rainwater flow intensity, reveal the
progressive deterioration of the slope structure and the
emergence of critical instabilities, As the experiment
progressed, deep gullies formed and larger soil masses
displaced, indicating a eritical stability stage, Factor of
safety (FoS) analyses through numerical simulations
for different moisture content wielded outcomes
aligning with physical model observations, The
findings provide insights into slope stability and failure
mechanisms under varying ranfall, highlighting the
importance of continuous monitoring and early
intervention in real-world scenarios to prevent
catastrophic landslides.

Activity: 6A

Glacial dynamies, glacier hydrology, mountain
meteorology and related hazard

fManish Mehta, Vinir Kvmar fon Lieit), Sameer Trward,
Pinkey Bislie, Antit Kumar, Rakesh Bhanihirs, Jaivam
Singh Yadav)

Status of Glacier Surface Changes in the Doda and
the Surpy River Basin: past and current status,
priorities, and future prospecis

The ablation-stake network measurements suggest that
the Pensilungpa Glacier's (PG) net balance was
negative in 2023-2024. During the measurement
pertod. the net ablation of the glacier was — (=) 7.26.<10"
m~ w.e., While the net accumulation of the glacier was
~{+) 0.94 =10" m" we. However, the ablation and
accumulation gradients of the glacier were~(-3 m/100
m and ~ (+) 1.5m/100m. respectively (Fig. 58). Our
result also suggested that during the same period. the
glacier's Equilibrium Line Altitude (ELA) was situated
al 4 height of 3251 meters (m) above sea level (asl),
Further, our result shows that most surface ablation was

Aresi(m )
] 500000 1000008 1500800 1003000 2500000
“ L I A I L I L J 'l I

Elevation (m asl)

Masa balance (m w.e.)

Fig. 58: Graph showing the mass balunce, Elevation and area
of the Pensilungpha glacier in 2023-2024 and the
ELA of'the glacier located at the elevation of 5251 m
asl.
observed between altitudes 4800 and 5000 m,
encompassing areas covered by thin and patchy debris
up to 10 em thick. We suggest that a thin cover reduces
albedo without significantly introducing an insulating
layer at the surfiace, While the lower areas between 4600
and 4800 m reduced the surface ablation due to thick
debris covered.

The lack of long-term glacio-hydrological data for
the Himalayas remains a significant constraint in
addressing regional 1ssues. From 2017 to 2023, the melt
water discharge of the Parkachik river showed a
continuous increase, with meltwater volumes of 1.7 +
0.04 % 10" m*, 5.7 +0.13 = 10" m*, 16.03 £ 0.81 = 10" m*,
10.32£0.23% 10"m®, 11.39=0.53 % 10" m®, and 23.67 +
(.34 = 10" m’ for the respective years.

Seven peri-glacial lakes near the Pensilungpa Pass
and two proglacial lakes near the front of the Durung-
Drung Glacier (DDG) were studied. Peri-glacial lake
dimensions showed a marginal rise of about 6.3% in
surface area and around 7% in water volume,
highlighting their dependence on non-glacial water
sources. The expangion of the Proglacial Lake near the
Durung-Drung Glacier was notable, with
approximately a 1 77% increase in the area and 195% in
water volume between 2004 and 2023 (Fig, 39). These
substantial increments underscore intensified glacial
melt processes, emphasizing the vulnerability of the

RESEARCH ACTIVITIES
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Fig. 59: Proglacial and periglacial lakes inthe Dodaand the Suru River Basin. { A) The photograph shows the two proglacial lakes
that are formed near the front of the Durnung-Dmung Glacier, (B; B1-B4) The periglacial glacial lakes, which are situated
on the Pensila, pass between the ablation valleys of two glaciers, showing a unigue charaeter, These lakes have no
passage 10 the inlet and vutlet of water, The source of the lakes depends on the snow melt and rainwater (C) The
secondary luke is positioned al a proximity of merely |-kilometer from the Durung-Drung Glacier terminus, exhibiting a

conliguration reminiseent of'a kidney.

region's glacial dynmamics to climate change, Further.
field observations from 2015 to 2023 revealed a total
terminus retreat of — (-}1635 + 95 m with an average rate
of -21 £12ma for DDG and ~ (-) 80 £ 35 m with an
average rate of -10 = 4 m a’ for the PG. These findings
signify a concerning acceleration in glacier recession
and an increase in glacial melt, potentially influenced
by climate change.

Glacier Inke changes in Uttarakhand, India from
20003 to 2023 using high resolution satellite images

The enhanced climate warming from the early 20"

century caused large-scale glacier refreats and mass
losses, which induced the formation of new glacier
lakes and increased the extension of many existing
glacier lakes. This study deals with the placier lake
changes in Uttarakhand from 201 3 to 2023 using high-
resolution Resourcesat LISS IV images. In this decade,
the number of glacier lakes increased by 1.9%, while the
area covered by them increased by 8.1%. This rise is
mainly attributed to rising temperatures in the region
over the last some decades. The number of glacier
erosion lakes and moraine-dammed lakes increased,
while the area of supraglacial lakes decreased. The
olacier lakes were distributed between 2900 1, asl and
6100 m, asl, and 1001 counts out of 1290 (78%) were
above 4500 m, asl. The Alaknanda basin had the
maximum number and area of glacier lakes (580
counts), followed by the Bhagirathi basin (341 counts),
In contrast, no glacier lakes have been found in the

Ramganga basin. The total area of glacier lakes
increased in all the ten river basins. However, in the
Alaknanda basin, the number of glacier lakes decreased
by 8.6% (Fig. 60), while the Dhauliganga and Pinder
basins showed negligible changes in lake numbers.
Elevation-specific changes revealed an expansion in
lake areas above 4000 m, asl, whereas a decline in lake
numbers was observed between 3500 m., asl and 4500
m, asl. Out of the 13 administrative districts in the
Uttarakhand, glacier lakes are distributed only in six
districts, corresponding to the presence of glaciers at
high altitudes. The maximum number and area of
glacier Jakes were found i the Chamoli district,
tollowed by Uttarkashi. Our study recommends field
survevs and further investigations using high-resolution
satellite data to understand the potential hazards posed
by these lakes to infrastructure and human lives,

Abnormal melting of the Changmolung Glacier due
to zeothermal activity

Geothermal activity 15 a potential but underexplored
driver of glacial dynamics in the Karakoram. The
impact of such activity on glacier melting has not been
systematically investigated in this region, Our siudy
reports the first discovery of an undocumented
geothermal spring at the terminus (~4,980 m. asl) of the
Changmolung Glacier in the Nubra valley, during a field
expedition in August 2022 (Fig. 61). To assess thinning
of the Changmolung Glacier, four bamboo stakes were
imstalled -4 m into the ice in the lower ablation zone
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Fig. 60: Comparative satellite imiages of an unmumed glacier lake in the Uttarakband on 13-10-2021 (left) and 03-10-2023 (right),
iltustrating a significant reduction in the lake's area, In 2021, the lake bad an ares of 36013 £ 3037 m?, which dramatically

decrcased o 4156 =274 m® by 2023 {a reduction of =9 1%}, This drastic shrinkage reflects the dynamic nature of glacier
envitonments and highlights the ongoing impacts of climate change, potentially including GLOF events or other

geomarphological process,

Fig.61: Ficld photograph showing the upwelling of geothermal spring near the terminus of the Changmolung Glacier (a-<b). A
large debris-covered arca was exposed in 2023, with varying thickness (2-60 ¢m), The dashed red line represents the

centrul width of exposed debns (c-d).

(3063-5200 m, asgl), extending up 1o geothermal spring-
affected areas, using the direct glaciological method,
Two stakes were placed on clean ice near the lateral
moraines, and two in the debris-covered central zone.
During the August 2023 survey. exposed stake heights
indicated maximum surface melting (=390 em) along
the geothermal spring line, while lower melting (190

em ) was observed near the lateral moraines. Geothermal
melting exposed debris layvers 2-60cm thick,
contrusting with clean, unaffected ice on the glacier
flanks (Fig. 61). This uneven melt pattern has altered
glacier morphology, producing an undulating surface in
the lowest ablation zone, This study emphasizes the
influence of geothermal activity on glacial dynamics,

37

T‘.‘
=
=
T
Y’
-
.L.:.
=
-
o3
o




g
=
-
-
e
5]
-
i
=1
-
—
II.
o=
=

Annual Report 2024-25

highlighting the crucial need to integrate geothermal
assessments into future glaciological research to better
understand the heterogeneity in glacier response in the
Karakoram.

Snow cover analysis (SCA) using NDSIond SWlindices
in Pindari-Kafni Glacier Vallev's, Kumaon Himalava

This study analyzed seasonal SCA dynamics in the
Pindari and the Kafni Glacier Valleyvs (Kumaon

Himalaya) using Landsat satellite images during the
winter accumulation period for the last two decades
(2008-2009, 2015-2016, and 2021-2022). We
employed the MNormalized Difference Snow Index
(NDSE) and the recently developed Snow Water Index
(SWI} to delineate and compare SCA across these
adjacent basins. Validation against MODIS data, high-
resolution Google Earth imagery, and field observations
yvielded accuracies exceeding 70% and 72% for both

November Jonunry
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Februmry

November Decomber Jnsinry

'

December lunuary

MNovember

Februsry

Movember Decembier January

Fig. 62: Classified NDSI from Landsat-5 & Landsat-8 (FCC) satellite images of the accumulation period for the vears (a) 20008-
20019: (b)) Year 201 5-2016: (¢) Year 2021-2022. The left panel (a-¢) shows the snow cover-aren computed wusing NDSI,
and the nght denoted SWl results.
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NDSI and SWI indices. respectively (Fig. 62). Qur
results indicate an overall increase in SCA, consistent
with snow mass trends observed i neighbouring
regions of the Indian and Nepal Himalaya. Specifically,
year-wise SCA exhibited an increasing trend: 461.17
km' (2008-09), 491,87 km’ (2015-16), and 601.01 km®
(2021-22). NDSI and SW1 analvses revealed minimum
SCA m December and maximum SCA in April, with a
remarkable exception of 2021-2022. which showed
minimum SCA (87.09 km’) in April and maximum SCA
(123.3 kmv') in January. These findings underscore an
increasing sensitivity of SCA Lo climate warming in
recent years, leading 1o rapid snow melt. While our
results suggest a subtle increasing trend in SCA, a
highly possible shift in water phenology, and the trend
may not compensate for the increasing water demand,
particularly during the lean melt season, deserves
further investigation.

SCA trend analysis vsing Normalised Difference
Snow Index (NDS])

The analysis of NDSI in 2015-16 revealed that the
minimum (25.62 Km') and maximum (128.55 Km")
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Fig.64: The snow cover area using NDSI (a) and SWI (k) for
2008-09t02021-22,
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Fig.65: The accumulated SCA trend correlation with
MODIS modelled data shows g good correlation and
an ncreasing trend of the quantified SCA Fom
NDSland SWI

SCA were in November and April 2015-16,
respectively, There was a total difference 0f491.71 Km®
of snow ecoverage arca between the onset and end of the
sccumulation period. Howewver, in 2021-22, the
minimum (3709 Km’) SCA was recorded in April and
the maximum (123.3 Km’) in January, These findings
align with previous studies over the Himalaya, showing
peak snow accumulation between January and
February. We also noticed an increasing seasonal trend
during the study period 2008-09, 2015-16, and 2021-22,
as (461.17 km'). (491.87 km’), (601.01 km),
respectively. The seasonal sum of SCA during 2021-22
was higher (601.01 Km’) than the previous period; the
detailed illustration 15 presented (Figs. 63-65). Our
findings were consistent with other recent studies
conducted in the Himalayan region, suggesting that
focalized SCA increases are caused by changing
precipitation patterns in specific areas. In contrast, few
have reported that the diminishing SCA trend is due to
warmer temperatures, confirming that local climate
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variation is essential in moderating snow accumulation.
Further, the difficulty originated due to snow mixing
with shadow. cloud. debris. vegetation, and others,
frequently affecting snow cover mapping over areas of
rocky terrain with highly changeable physical and
atmospheric circumstances. As a result, a competent
technique unaffected by the challenges presented by
land cover variables is required.

SCA analysis through Snow Water Index (SWI)

The study compares the SWI for the first time in the
Pindari-Kafni region. In this studv, the SWT was used to
gstimate the area of snow c¢over regions for three
different time intervals: 2008-09, 2014-15, and 2018-
19. We used the SWI method for the seasonal SCA
change from November to December and January to
April. The period 2008-09 depicted the maximum SCA
in April (79.41 km'). The total SCA was reported as
201.34 knt', followed by the minimum coverage (27.96
ki) in December. An almost similar seasonal change
was observed during 2015-16, with a minimum SCA
(20,74 km’) in December and a maximum (83,13 km') in
April. The total SCA during the period 2015-16 was
301.23 km". Further, 2021-22 showed the minimum
SCA in December as 51.73 km', while the maximum
SCA was 7533 Km' in March, with a total snow area of
364.05 km™, We have observed that the estimation of
SCA was seen 1o be increased from 2008-09 1o 2021-22
using the SWI method. Because SWI can remove the
influence of prominent neighbourhood classes,
including cloud, soil, plant, and water, this index
provides a more complex process of removing the
influence of nesrby water pixels.

An increasing seasonal trend was observed from
2008-00 16 2021-22, similar to the trend in NDS| usage.
A graphical comparison of the result data indicates a
huge difference in the month (January 2009; January
and November 2016; February 2022) with reference to
clouds (Fig. 61), Figure 62 shows the year and month-
wise SCA pattern compared to NDSI and SWI for the
years 2008-09 (Fig. 63a). 2015-16 (Fig. 63b), and 2021-
22{Fig. b3c). Addinonally, Figure 64 shows the snow
cover arca (Km) for 2008-2009, 2015-2016. and 2021-
2022 using NDSLand SWT indices.

MODI1S-modelled snow cover (fraction) data were
used to understand the annual and inter-annual trends
and patterns of the NDSI and SWI The trend line shows
a good correlation between MODIS dats and guantified
SCA from NDSI and SWI. The MODIS linearity
illustrated the increasing trend of the snow cover during
the study period. The averall month and year-wise SCA

trend can be seen in figure 62, Based on the study, the
SWi-based approach may be helpful for long-term
snow cover monitoring, advancing knowledge of
glacier mass balance, hydrological processes driven by
snowmelt, and the effects of climate change. Improved
remote sensing methods are helpful for eryospheric
research, and certain SCA variations are significant for
hydrelogical modelling since they ean affect regional
watersupply (Figs. 64 and 65).

Integrated impacts of climate change and
anthropogenic activitics on ginciers: o case study of
the Bvans Valley, Kumaon Himalaya, Uttarakhand

Climate change poses a significant threat to the local
communities of the Higher Himalavan regions. These
impacts include food security, water availability, natural
harards, agriculture, and livelihoods. Tourism, which
has become the backbone of the ecconomy, has also
affected these regions environment, livelihoods.
culture, and food habits, The present study explores the
effects ofclimate change on glaciers and lakes. Also, the
perceptions of local communities about climate change
and their impacts on their lives and environment in the
Byans Valley of the Kumaon region, Uttarakhand (Fig.
66). The Primary data analysis (questionnaires) are
based on approximately 110 houschold's interviews
regarding the community's perspective of climatic and
cryosphere variability (Fig, 67). We discovered that a
large majority of respondents believe that summer and
winter temperatures are rising, and snowfall has
decreased during the last 10 years. The climatic data
also reflect rising temperatures and decreasing
precipitation, which is consistent with most
respondents. Highlighting these changes is the first step
in reducing the mounting pressure on climate-sensitive
high-latitude valleys that are historically and culturally
important.

The findings show a peneral agreement between the
scientific observations of climate change and the
opinions of the local people. The knowledge of public
opinion can also assist poelicymakers and decision-
makers in creating policies that effectively address
climate change as well as local adaptation measures.
One of the most attractive tourist destinations are the
glaciers. Since they are the most delicate specilic
tourism resources, their development needs additional
focus. The development of the area is significantly
influenced by tourism and location. The management
and observation of the environment in the tourist's area
are essential, This is the only way to eventually grow
glacier tourism sustainably,
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Fig. 6T: Flow chart of the methodology undertaken durimg
the present study.

The emphasis should be put on the following:

»  FRegulation of travel and vehicular movement and
support and promotion of environmentally friendly
planned infrastrocture development.

To maintain 4 suitable distance between glaciers and
visitors,

» ‘Tocreate tourismactivities that cause the keast amount of
environmental harm,

¢  Toincrease the climate change awareness in the villages
and through an outreach progran,

With a responsible tourism system, stakeholders can
cffectively handle: the challenge, internalize sustamable
development goals; and collaborate to fulfil the public duty of
achieving sustainable development of tourist destinations
without affecting the environment, especially the cryosphere.

Glacier changes and fragmentation in Birahi Ganga
Bisin, Garhwal Himalaya: Implications for water
Fesources

Glacier changes in the Himalaya are unequivocal under
a changing climate, making them susceptible to water
availability in the future. Given the significance of
glaciers for hvdrology and the dangers they pose, the
current study examines the state of the Birahi Glacier in
the Birahi Ganga Catchment (BGC), Alaknanda Basin,
Uttarakhand, from 196810 2020 (Fig. 68). From 196810
2020, the glacier retreated by 329 % 15 m, averaging a
rate of 6.3 £ 0.3 m per year, and vacated an area of
approximately 5000 m? annually. Based on satellite
images, glacier separation began in 1994, as
demonstrated by the small patches exposing the
bedrock. It eventually giew and detached the lower
debris cover zone from the upper clean ice zone in 2019,
The recent satellite image reveals snow and ice
avalanches occasionally feed the lower, disconnected
debris-covered portion. The lower zone with an area of
{1.59 4+ (.03 km" behaves differently than the rest of the
3.6+ 0.06 km' clean glacier zone. Glacier detachment is
influenced by topography, steep slopes along its central
tlow line, rising snowlines, and increased melting in the
transition between debris-covered ice and clean ice.
During the period between 1994 and 2020, the glacier
shows pronounced shifting of snout elevation from
~3910 to ~4000 m asl (<90 m; 2.8 ma ') and snowline
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Fig-08: Changesinthe Biral Glacier from 1968 w0 2020 (a)
Hexagon {1948(), (b) Landsat-3 TM. (¢) Landsat-#
OLI, and {d) Sentinel-2A (2020) images #re in the
background with FCC.
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from 5143105335 masl (1924 17 m: 7.3 4£0.65ma ')
Deglaciation in BGC may posean alamming situation for
water availability downstream for drinking,
agriculture. and hydroclectric power projects in the
future (Fig, 69).

e gL B

M

Wl
™

Fig.6%: Snowline altitudes (SLA) of the Biruhi Glacier
during Seprember, 1994 (a), and 2020 (b},

Anticipating the impact of glaciers, landslides and
extreme wedther events on vulnerable hydropower
projects and the development of an integrated mulii-
harzard warning system (INPWS)

The Himalayan river basins offer great potential for
hydropower development, but they are also vulnerable
to various hazards such as debris flows, landslides,
avalanches, glacial lake outburst floeds (GLOFs) and
landslide lake outburst floods (LLOFs) (Fig. 70}
Despite these hazards' regional and global significance,
there is a lack of information and data on different
aspects, including their meteorology. hydrology,
geology, and seismology. Many hazards often go
unnoticed or receive little attention until they start
affecting humims and their activities, like damage to
buildings, infrastructure, and other human-made
structures, It is important to recognize that hazards can
have severe and long-lasting impacts on society, even
when they do not directly affect humans, Flash floods
can disrupt ecosystems, destroy habitats, and threaten
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Distribution of glaciers and major hazards like ¢loudbursts, debris flow, flash-floads, landshide [ake outburst floods

{LLOF), landshides tn the basin and earthquakes associated with major tectonic boundariés around nearby, Locations of
major extreme events i the basin including (I debris flow {moraine failure) near the snout of Gangotnn Glacier, (11)
eloudburst followed by o Tandslide and LLOF at Kanodia gsd and (T cloudburst in the Assi Ganga River.
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Fig. 71: Digital Elevation Model (DEM) of the Bhagirathi basin up to Maneri Bhali 11 dam sile with Jad Ganga sub-basin
showing the distribution of glaciers, major tributaries, locations, and photographs of existing hydro-mieteorological
stations. Area-elevation information for the glaciers and the basin in the inset.

biodiversity. It 15 crucial to consider the complex
climatic influences on both regional and local scales.
Therefore, we emphasize the importance of continuous
long-term monitoring across entire river basins in the
Himalayas. For this purpose, we selected the Bhagiratha
basin, extending up to Maneri-Bhali, for detailed
investigation. The total catchment area of'the basin up to
the Maneri Bhali-11 HEP is about 4557 km', with a total
of 403 gluciers. covering an area of 625.5 k', The
minimum and maximum elevations of the basin vary
from 1100 to 7100 m, asl. respectively. The
hypsometry (arca-elevation curve) shows that the
maximum basin and glacier arca lies between 3000 to
5500 m, asl (Fig. 71). Followed by 4300 10 5000 m
and 5500 to 6000 m for the basin and glaciers,
respectively (Fig. 71). The study recommends that the
highest hydropewer in the glacierized basin should
have its network of hydro-meteorological
observatonies at different altitudes. providing real-
time data transmission and deploying a multi-hazard
warning system (IMWS) for flash Noods.

Seismic and Radon signatures: A multiparametric
approach to monitor surface dynamics of 2
hazardous 2021 rock-ice avalanche, Chamoli
Himalaya

Observing precursory signals of the 2021 Chamoli
rock—ice avalanche provides an opportunity to
imyestigate the multidisciplinary analysis approach of
rock failure, On 7 February 2021, a huge rock—ice mass
detached trom the Raunthi peak at Chamoli distnct in
Ustarakhand, India. The tragic catastrophe resulied in
more than 200 deaths and significant cconomic losses,
Here, we analyse radon concentration and seismic
signals to characterise the potential precursory
anomalies prior to the detachment. Continuous peaks of
radon anomalies were observed from the afiernoon of 3
to 7 February and deercased suddenly after the event,
while a cumulative number of seismic tremors and
amplitude variations are more intemsified -2.30h
before the main event, indicating a static to dynamic
phase change within the weak zone (Fig. 72). This study
characterises abnormal signals and models the rock
failure mechanisms. The analysis unveils three time-
dependent nucleation phases, physical mechanisms of
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Fig. 72: Aschemanc physical model explaing the radon and tempetature variohility along with the physical changes in the source
zome, (a) Figure shows satellite image of source zone, (b)) geometry of detached wedge, (¢} observed geophysical
parameters and (d) physical changes that affected rock dynamics during precursory signals generntion.

signal generation, and a complete scenario of physical
fuctors that affect the degree of criticality of slope
failure. The results of this study suggest a gradual
progression of rock cracks/joints, subsequent material
creep and slip advancement aceeleration preceded the
final failure. Furthermore, the study highlights the
mmportance of an early warning system to mitigate the
impact of events like the 2021 Chamoli rock—ice
avalanche.

Quantification of post-monsoon CO. degassing Mux
from the headwaters of the Ganga River: emphasis
on weathering pattern of the basin

Research on the carbon-cyeling process in high-altimude
streams 15 crucial forunderstanding whether carbonacts
as @ source or sink for the atmosphere during global
climate change. In this study, we have guantified the
post-monsoon CO, flux (FCO,) from the Bhagirathi and
Alaknanda rivers, with the help of analytical
hydrochemistry and PHREEQC software (version 3.7.3).
Our resuliz show that FCO, values of 88 eCO.m?*d" and
175 gCO.m?d"! from the upstream of the Bhagirathi and

Alaknanda Rivers, respectively, which is significantly
greater than the fluxes observed in the downstream (18
gCOm=d" and 4.1 gCOm*d". respectively). This
difference in FCO, is attributed to the major variation in
pas transfer velocity (k€CO,) along elevation, with the
upstream section exlubiting approximately eight thnes
higher kCO. than the downstream. The steeper bed
slope increases turbulence and energy dissipation at
higher altitudes, enhancing the kCO, values. The partial
pressure of CO, in the rivers was approximately 2.5
times greater than that of the atmosphere, Our findings
suggest that form-drag turbulence, instead of bed
friction, prevalent in the high-gradient reaches of the
rivers, 15 the main driver of CQ, degassing into the
atmosphere. This study shows that Ganga headwater
streams are sources of CO. in the atmosphere and
underscores the need to monitor other Himalayan
streams for CO; flux (Fig. 73).

Mountain-building processes release more CO,
than they absorb (Lin et al, 2023; Bufe er al., 2021;
Torres et al., 2016; Zhang et al., 2009), highlighting the
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Fig. 73: Graphical abstract of the research { Methodology=implementation=Findmas.

need 1o study the carbon cycle in moumain streams.
Globally. high-altitude streams often show elevated
pCO. levels compared to the atmosphere (Clow et al.,
2021; Horgby et al., 2019; Marx et al., 2017, McDowell
& Johnson, 2018; Natchimuthu etal., 201 7; Rocher-Ros
et al., 2019). While CO, Alux (FCO,) in rivers has been
widely studied (Cole et al., 2007; Lauerwald et al.,
2015; Livetal.,, 2022; Raymond et al,, 2013; Sawakuchi
et al., 2017), headwater streams remain underexplored
due to challenges in estimating gas transfer velocity
(kCO.) using floating chambers or tracers (Alin et al.,
2011; Natchimuthu et al, 2017). Existing equations
(Alinetal.. 2011; Rayvmond et al. 2012) are not ideal for
high-altitude  streams. thoogh Ulseth et al. (2019)
proposed improved models based on global data, pCO,
can be measured with sensors or estimated using
software like PHREEQC or CO,5YS (Li et al., 2012,
2013: Laverwald etal.. 2015; Upadhyay et al., 2024). In
the Ganga River system, few studies have focused on
€O, dynamics in the Upper Ganga Basin (LGB).
Research by Manaka et al. (2018), Nayna et al. (2022},
and Upadhyay et al. (2024} provided CO. tlux estimates
tor larger river sections, relving on equations from Alin
et al. (2011) and Raymond et-al. (2012}, though often
with limited spatial resolution. This study analyzes
hydrochemistry and CO, degassing in the Bhagirathi
and Alaknanda Rivers in the Garhwal Himaluya. While
previous rescarch has examined water chemistry (e.g.,
Kumar et al., 2009: Singh et al., 2014), comprehensive
assessments that nclude groundwater are lacking.
Geothermal springs suggest high CO. emissions (GSI,
2000 Tiwan et al, 2016, 20200, but riverine carbon
dynamics remain uncertain. Using PHREEQC, we
estimate that post-monscon river pCQO, is
approximately 2.5 times higher than atmospheric levels.
The CO. fluxes from the upstream Alaknanda and the

Bhagirathi Rivers are 88 gCO.m™ d" and 175 gCO.m™d",
respectively, which are much higher than the
downstream values. This gradient i5 driven by higher
kCO, in the steep upsiream sections (123 vs. 16 md™),
likely due to turbulence created by large roughness
elements. Our findings highlight the significance of
small Himalayan catchments in regional CO, emissions,
Limitations of this study include indirect estimation of
pCO. and kCO;, as well as assumptions regarding
carbonate alkalinity, Future research should focus on
direct measurements and assess the contributions of soil
organic carbon to refine flux estimates.

Activity: 6B

Hydrogeology-Himalayan Fluvial System &
Groundwater

(Sermresl Krormeer Roed eneved Rowgf A fovend Shaln)

Geohydrology and chemometric appraisal of Karst
and fissured springs in the Lesser Himalava

Ascertaining the geohydrology and chemometrics of
springs in hilly areas with limited hand pump access is
essential for protecting and sustainably managing
groundwater from mountain aquifers. Towards this,
first and detiled insights into the geohydrology,
elemental sources, and quality characteristics of karst
and fissured springs in a previously understudied region
(Chakrata) of the Lesser Himalaya, India were
provided, The study indicates that the Deoban and
Chakrata rock formations, covering 285 km* and 208
km?® respectively, are the primary hydrogeological units
with moderate 1o high vields. in which karstification and
fracturing greatly regulate the flow patterns and spring
distribution (Fig. 74a). The electric resistivity
tomography (ERT) model shows two main resistive
zones: a lower zone (10-200 2.m) at 10-20m depth,
associated with thick saturated soil and weathered
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Fig.74: (a) Map of the study region depicting the peohydrological mformation. (b} Scatter plots depicting geopenic and
anthropogenic source mechanism and major geochenueal processes occurring along fowpaths, (¢} Subsurface
resistivity distribution beneaih the Maoila and the Chilmiri ERT sections, (d) Springs water quality status based on the

EWGQI and P1 of monitored karst and fissured springs.

materials or hydraulic impedance, and a  higher
localized zone (1000 Q.m to 30,000 C.m) at 20-30m
depth. which 15 an indicative of high transmissivity
network including voids, conduits, caves, mostly air
filled or dry (Fig. 74b). Chemometric analysis suggests
that spring are alkaline (pH: 7.8 to 94). low to
moderately mineralized (TDS: 10 to 317 mg L") and
their ionic composition regulated by multiple peogenic
dissolution processes, classifying themas Ca-HCO, and
Ca-Mg-HCO. facies (Fig. 74c¢), Further, karst springs
ure mostly carbonate oversaturated and fissures springs
are mostly under-saturated; however, both attain higher
pCO; (2x107 to B9x10" atm.), suggesting active
dissolution—precipitation  processeés along the flow
paths, The findings reéveal that springs have excellent
water quality, with entropy water guality indices and
pollution indices well within safe thresholds for human
consumption (Fig. 74d); however, positive correlation
of cropland with NO, (R: 0.68) and €T (R 0.63) in
some springs in the south-eastern and south-western
parts is a matter of concern, The study recommends that
since groundwater is critically connected to achicving
sistainable development goals (SDG.). particularly
SDG-06 (safe water and sanitation) and SDG-13

{climate action), a sustainable effort by involving local
communities in implementing sustainable land
mundgement practices in springsheds und ‘or recharge
catchments can truly contribute to safepuarding the
groundwater systems in this hilly tribal region.

Decoding the climate-tectonic control on sediment
source budget of the Teesta River Basin

Erosion of the Himalaya mountain and subsequent
deposition of sediments in the flood plains, and distal
fans are primarily regulated by tectonics, climates,
lithology, and regional relict. These eroded sediments
preserve their chemmeal and isotopic compositions in
their depositional archive, which can be used to trace
the crosion processes and to assess the relatve role of
controlling factors, The present study has analysed the
YSr/Sr and £, in the silicate phase of sediment
recovered from a — 40 m long sedimentary core
representing ~8 ky of sediment accumulation in the
Teesta River mega fan (Fig. 75). The lithostratigraphy
of the core imdicates a rapid aggradational nature of the
Teesta mega fan. The "Sr™Sr and £, display wide
variability with depth, which ranges from 0.75700 1o
0.89294 and — 15.1 to —25.0, respectively. The
observed "Sr/™Sr and £, values in the core sediments
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Fig. 75: Geological and drainage map of the Teesta basin along with the location of the sedimientary core Position of Rangeet
window is marked by the area within the hlack dashed line,

have been interpreted i terms of differential sediment
contribution from the higher and the lesser Himalayan
lithologies. The "'Sr/"Sr and £, isotope profiles and
estimated fractional sediment contributions identify the
Lesser Himalaya as the major sediment contributor to the
Teesta basin since the mid-Holocene, unlike the other
Himalayan river basins, which are dominated by
sediments from the Higher Himalays after the Last
Glacial Maximum. The rapid exhumation and erosion of
the tectonically active Rangeet window with the focused
precipitation and presence of rock types vulnerable to
weathering in the Lesser Himalaya of the basin appear to
be the mujor factors resulting in the sedimentary budget
of the Teesta River Basin-over at least by last 8 ky. Our
assessment sugeests that teetonic activity and climate

have a competitive effect on the observed sedimentary
budget, with an additional role of lithology.

Activity: 7

Quantification of strain accumulation/release rate
along Main Himalayan Thrust (MHT) at different
fime scales

(RJ. Perpmal, PEER Goutam, Rejesh 5, Vikay
Adlakha, Shubam Bose, Rajeeh Lochan Mishra and
Muahesh Kapawar)

Geometry of the MHT, quantification of strain
release, and seismic hazard in the Eastern Himalaya

Whether the Main Himalayan Thrust can host a single
surface-rupturing event in the Himalava with a rupture
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Fig. 77: Theiop image is the bird's eve view of the {ault searp
with an excavated trench location at the base of the
scamp, The photograph was taken vsing the Ricoh
GR digital camera. which wias mounted on a DII
Phantom | unmanned aerial vehicle. The bottom lefl
portion shows farmed fatland (footwall). and the
top right portion is the uplifted fanlt searp ( forest and
village area) (hanging wall). The bottom image is
the view from the ground surface of the ench,
cartying oul scraping of the walls and collecting
charcoal samples.

length of = 700 km remains controversial, Previous
pileoseismological studies in the Darjeeling-Sikkim
Himalaya (DSH) suggested medieval surtace-rupturing
earthguakes, coreelating them with the eleventh—
thirteenth century events from Nepal and Bhutan and
extending the coseismic upture length > 700 km.
Conversely. there is no rupture evidence of the 1714
Bhutan and 1934 Bihar-MNepal carthquakes in the DSH,
resulting in a discrepancy in the rupture extent of the
great carthguakes, Consequently, we conducted a
paleoseismological investigution across 4 ~ 10 m-high
fault scarp on the Himalayan Frontal Thrust at Chenga
village, DSH, revealing o surface-faulting event during
1313-395 BCE (Figs. 76-79), We suggest that the DSH
is & 150 km-long independent segment bounded by a
transverse ridge and fault and has a recurrence interval

of = 949- 1963 years, which is significantly larger than
Mepal (= T00-200 years) and the Bhutan Himalaya (-
339-T0) years),

Multdisciplinary approaches have been employed
to understand the landforms associated with tectonic
deformation, through detailed field investigation
supplemented by the geodetic, chronological, and
morphometric database in the southernmost extent of
the southeast Kumaun Himalava and western Nepal
Himalusya, The velocity daty acquired from published
literatures (Mondal et al., 2016; Yadav et al., 2021).
meluding our two CORS sites MUNS and PTH2 are
transformed into a common reference frame ITRFOS:
This velocity indicates secular plate motion toward the
NE direction with the range of 37.67 to 67.98 mm/yr and
direction of motion varies from 28.83° to 32.76%, The
veloeity fixed with TISC site range from 0.71 to 19.26
mmvyr, is reducing toward the south, which indicates
the continuous strain accumulation in the zone of the
HFT and the region is being locked gradually,
Generally, the Indian plate continues moves northward
collide with the Euwrasian plate, however wvelocity
concerning the fixed [1SC shows the clockwise motion
from northwest to the northeast direction reflecting the
crustal deformation m the study region, To perceive the
behavior of local deformation in the study region, we
estimated the velocity by fixed MUNS which is a
permanent GNSS station and located in the study
region. Here we have also observed the clockwise
motion of the velocity field and non-linear pattern of the
deformation with the velocity range (1.5 to 14.79 mm/yr.
The site located in the core part of Almora Nappe
exhibits a higher deformation rate comparatively up to
28.66 mm/yr, which may be the effect of present local
active faults/thrusts. Overall our observation through
this study is that the Tanakpur and its adjoining area in
the NW Himalaya are tectonieally active, however such
intradisciplinary studies for tectonically active regions
are needed for future infrastructural development.

Correlation of geomorphological indices and the
inter-seismic geodetic deformation of Siwalik Hills
in the Dehradun re-entrant

Apart from geodetic studies on the interseismic
deformation of the Siwaltk Hills and the adjoining HFT,
we also carried out Geomorphological investigations in
the study area through the analysis ol established
geomorphological indices like mountain front sinuosity
and the stream-length gradient, The mountain front
sinuosity (S, ) 1s an index that connects the erosional
and the tectonic forces. Mountain fronts associated with
active faults are considered to have a linear geometry in
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Fig.79: Space-time correlation with previous studies, The segment between the MSR and DCFZ demarcates the probable break
in the Himalayan segment and the rupture extent ofthe 1255 CE, 1714 CE and 1934 CE events. mieisoseismal zones and
possible hypocentre location {(translucent blue) of great earthquakes in the past millennia dark Mue polygons are the
mierred rupture area of palecearthquakes. Locations of previoos paleoseismic investigntion sites in Mepal, DSH and
Bhutan region are allotied different colours that demarcaie different segments, The vertical coloured bars are the age
range of earthquake events inferred from numerous studies, and the bars with amow head indicate no lower bound of the
inferred earthquake, hence the event occurred post upper bounding age. The horizontal bars are the lateral extent of
différent paleocarthquake events, The dashed red bar of the penaltimate event in DSH region implies 4 possible tupture
beyond the DCFZ batrier. Three horizontal bars at the bottomn of the figure with fuzey (exact termmation point unclhear)
ends represent the probable extentof different segments (Brice etal., 2024).
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Fig.80: The southeastward flows of the frontal river streams (red dotted arrow) which abruptly become sub parallel to the
Picdmeont fault (PF ) indicate the corresponding block mevement of the frontal shallow crust.

comparison with those bounded with inactive or
dormant faults, In the study area, the ebtained Smi value
15 close to 1 (1.25), which implies an active mountain
front. So, the calculated mountain front sinuosity index
of 1.25 at the foothills of Siwaliks and close to the HFT
indicates that the mountain front is straight and active
due to the activity of HFT. Further, the stream gradient
analysis done along the river profiles crossing across the
HET also show an abrupt change in their flow at the
HFT, It is inferred that the Siwalik anticlinal ndge exerts
structural control on the south-eastward bounded flow
of the streams, The sudden stream deflections causing
the flow sub-parallel to the piedmont fault and their
linear arrangement suggest that the piedmont fault,
which lies south of the HFT is also active and
contributes to the regional surface deformation
processes (Fig. 80). The underlying cause of the
southeastward movement of the river streams is also
correlated with the estimated inter-seismic geodetic
velocities at the frontal part of the Siwalik Hills within
the footwall of HFT. Results show GPS stations south of
HFT have predominant south-eastwardly movement of
~ & - 5 mm/a parallel to the strike of the HFT. These
southeastward movement indicate the present-day
kinematics of the HFT over the locked portion of the
MHT; which is, mainly an arc parallel movement and
the streams too have aligned their flow in conjunction
with the southeastward horizontal movement of the
shallow crustal block.

Land eravitv data processing and gencration of
gravity anomalivs

The processing of acquired land gravity data along
Sahranpur o Mussoorie and other two sub-profiles
from Mussoorie to Zeropoint and ITM/DRDO have
been completed and the first version of free-air gravity,
Bouguer anomaly and the Complete Bouguer anomalies
are produced. Free-air anomalies in all these profiles are
in complete agreement with the topography and their
values vary from 66 mGal to -122 mGal with respect to
the GRSE0 ellipsoid. Datum conversion with respect to
the msl has been done by calculating the orthometric
height by using EGM2008 and the local gravimetric
geoid, These gravimetric geoid models are computed
based on 1) Moritz's analytical solution to
Molodensky's problem through Curtin University of
Technology approach 2) using Vanicek and Kleusberg
maodified Stokes kernel approach and 3) the method of
Least Squared Modification of Stokes formula with
Additive corrections. The EGM2008 model is obtained
by using the fully expanded spherical harmonic solution
coeflicients. up to degree and order 2160, The
discrepancies among the gravimetric geoids are very
low and <1 em. While discrepancies in the local
orthometric heights with respect to the global model in
the elevated region vamry from 73 to 80 cm. The
Bouguer (BG) anomalies are produced by applying the
Bouguer spherical cap correction (Bullard B) on Free-
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air anomalies and obtained the GRSH0 datum corrected
anomalies. The BG anomaly varies from =125 mGal in
the Gangetic plane to -167 mGal towards the elevated
Mussoorie region and over the Shiwalik high it is
arpund -145 mGal. The full scale topographic
correction that includes the Bouguer spherical cap
{Bullard B) and the terrain corrections { Bullard ) has
been applied to the msl corrected Free-air anomaly and
produced the Complete Bouguer (CBG) anomaly of the
area. The CBG anomaly varies from =153 in the planes
to =172 towards the elevated region. Major inference
from the BG and the CBG anomalies is that the
basement is showing a northward dip -as like the MHT-
towards the MBT, where the Outer Lesser Himalayan
rocks are overriding the basement, Further modelling
work in progress.

Application of Deep Learning (ANN & LSTM)in the
PSS timeseries data

GPS data is widely used for navigation, surveving. and
environmental monitoring, but it often suffers from
missing values due to signal disruptions or data
recording issues. Common interpolation techniques,
such as linear, polynomial, and spline methods, are
generally employed to fill these gaps but often fall short
when dealing with the complexities of time seres data.
This study investigates the use of machine learning
models. particularly Artificial Neural Networks (ANN)
and Long Short-Term Memory (LSTM) networks, to
better estimate missing values in GPS data for the
North, East, and Vertical components, Observations
show that LSTM maodels outperform ANNs and
traditional methods. achieving significantly lower Root
Mean Square Error (RMSE) values. ranging from
00018 to 0.1082 mm. Among conventional
interpolation methods. K-Nearest Neighbours (KNN)
provided the best results for the North and East
components. In contrast, linear interpolation was most
effective for the Vertical component with an RMSE of
(04051 mm. However. even the best-performing
traditional methods were surpassed by deep learning
approaches, highlighting the potential of LSTM models
for more accurate GPS data interpolation. The study
suggests that these models could be scaled up and
enhanced with ensemble techniques, making them a
powerful tool for improving GPS data aceuracy across
various applications. Supporting evidence from recent
research also demonstrates that neural networks,
particularly LSTM models, consistently deliver
superior results in GPS error prediction and data
interpolation.

Fission-track thermochronology study

Chr study provides the first apatite fission track (AFT)
and zircon fission track (ZFT) thermochronological
record from the Granbul Gneissic domes in the NW
Himalaya, The dome is bounded by two extensional
shear zones, namely the South Tibetan Detachment
System (STDS) dipping towards NE and the Khanjar
Shear Zone (KSZ) dipping towards SW., The AFT
cooling ages range from 142 + 1.2 10 5.7 = L1 Ma, and
ZFT ages range from 228 £ 2.2 to 14.6 + 0.9 Ma. The
ZFT ages pet vounger towards the bounding faults,
while the AFT ages remain constant across the dome.
The fission-track data, in combination with the
published Ar-Arand (U-Th)/He cooling ages, have been
modglled using a thermo-kinematic inverse and forward
model to analyse the processes that led to the
exhumation of the dome. Various scenarios such as the
river incision, lithology, deformation along faults like
the Main Himalayan Thrust, the Main Central Thrust,
the STDS, glacier control, and erosion control over
exhumation have been tested. Our results suggest that
the extension of the normal fault is the primary
mechanism for the exhumation of the GD, The
extension happened in two phases: (a) during the initial
normal sense movement along the STDS when the
reverse sense of shear was switched to the usual sense of
shear during the early Miocene, and (b) during the Late
Miocene. The initial phase of extension is a well-
recognized phenomenon in the Himalayan orogen that
has been explained through models like channel flow or
ductile wedge extrusion, However, the first report of
extensional activity along the STDS during the Late
Miocene allows us to test whether it is a local
phenomenon or a regional event that happened in the
brittle stage. Thus, we compiled all the published
geochronological and thermochronological data of all
the prevailing gneissic domes in the Himalayas from
west to east and ran the 3D thermokinematic model to
assess the exhumation path of the rocks and brittle stage
deformation history. Our results suggest that two phases
of extension happened in the entire arc of the Himalayan
orogen. The first phase focilitated the southwest
migration of ductile materials of rocks from mid-crustal
depths, accompanying the extension due to gravity. The
second phase of extensional eollapse happened during
~7-3 Ma ago in the brittle stage.

Rock magnetic studies

The rock magnetice, petrography, and petrofabric (AMS)
analysis of Nidar ophiolitic rocks has been carmied out to
deduce the magnetic mineralogical characteristies and
obduction dynamies experienced by the Nidar
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ophiolitic rocks. Also, the rock magnetic signatures of
the Middle Siwalik rocks collected from the Mohand
region will be submitted to a suitable journal for
publication. The oriented samples collected from the
Upshi-Late section of the Indus molasses are
undergoing the paleomagnetic sample preparation
process. Further, a fieldwork of 20 days has been
pertormed at the Naga-Schuppen belt, NE India, for
understanding ifs exhumation history through a
magnetostratigraphy  approach. In addition, the
environmental magnetic study of Gangotri glacial
sediments has been carried out as one of the proxies for
source characterization, suggesting a single souree for
their existence, ie. the Gangotri supraglaciers.
Similarly. the topsoils of Dehradun city are examined
for anthropogenic pollution and evaluated for their
association mostly with traffic-related pollution rather
than industrial pollution.

Structural and micrtectonic studies

Evolution of strain regimes acrpss the Main Central
Thrust Zone and the Greater Himalayan Sequence
in the Garhwal Himalaya, India, through the
geological to the decadal time seale.

Quantification of c¢rustal shortening across the
Main Central Thrust and the Greater Himalayan
Sequence in the Garhwal Himalaya, India,

Established the mechanisms of extrusion of the
Himalayan Metamorphic Core (HMC) in the
Garhwal Himalaya, India, from the Oligocene
through the Miocene.

Carried out 14 days field-work across the Main
Boundary Thrust Zone, northwestern Himalaya,
India and 3 days of field work across the Munsiyari
thrust Zone and the Inner Lesser Himalaya,
Garhwal Himalaya, India
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SPONSORED RESEARCH PROJECTS

MaoES Sponsored Project

High-resolution mapping of crust and upper mantle
structure across the northwest Himalaya and
Ladakh-Karakoram zone with special conphasis on
the seismotectonic of the Shyolk Suture zone and
adjoining region

{Revarif Hazarika and Naresh Kumar)

Crustal Structure and Compesition in the NW
Himalaya and adjoining Indo-Gangetic Plain

The underthrusting mechanism of the Indian Plate
beneath the Himalaya has not only resulted in variations
in strain rates, slip deficits, and seismicity throughout
the Himalayan are but also led to enormous lateral
variations in crustal thickness and its composition.
Investigating such changes in crustal configuration is of
paramount importance in the Himalayan region to
understand  seismic activity and the geodynamic
evolution of the area. Despite a few studies in specific
transcets in the NW Himalaya, no efforts have been
made to map the lateral variation of crustal thickness
and composition. In this study, the average crustal
thickness and Vp/Vs ratio were finalised at 38
broadband scismological stations across the NW
Himalaya and adjoining Indo-Ganpetic Plun (1GP) (Fig,
813, This work is 4n extension of the work reported in
the last annual report, The standurd H-k stacking
technique of receiver functions has been applied (Zhu
and Kanamori, 2000), However, its application in a
sedimentary basin poses a challenging task due to the
significant complexities within the low-velocity
sedimentary layer, To overcome this issue, the
sequential M-k stacking method of Yeck etal, (2013} hay
been adopted for the stations with a significant sediment
cover (Fig. 82). Integrating our results with other
published studies has facilitated the mapping of
regional variations in crustal thickness and
compositional changes,

For Receiver Function (RF) analysis, teleseismic
earthquake data with magnitude Mb > 5.5 and signal-to-
noise ratio (SNR) = 3.0, Only events within 3{(°-9(°
epicentral distance were included to avoid mantle
triplications and core-mantle boundary complexities.
The epicentral distribution is shown with red circules in
figure 81 (inset). Ear[hqu.tlke hypocentral data were
obtamned from the U.S. Geological Survey catalog
(https://earthquake.usgs. goviearthquakes/search’). We
adopted Iterative deconvolution method for receiver
function analysis.

The results of H-£ stacking analysis from this study
are combined with previous studies available in the
region to portray the crustal structure, composition, and
its relation to the tectonic features across different
sepments of the NW Himalaya. The most distinet
feature of the NW Himalaya is the gradient from a
thinner crust in the Kumaon Himalava (-38-41 km) in
the cast, to intermediate crustal thickness in the adjacent
Garhwal and Himachal Himalaya (—40-35 km), and a
significantly thickened crust in the Kishtwar and
Kashmir Himalava (~55-60) km) to the west (Fig. 83a).
The topography, geologic structure. rheologieal
chanpes and seismicity of the Himalaya are a
consequence of the collision and convergence of India
and Eurasia. GPS studies have suggested varving
convergence rates across the region, with a lower rate
(10 mm/year) in the Kumaon Himalaya, increasing o
~13-14 mm/year in the adjacent Garhwal Himalaya, and
~14-16 mmi'year in the Kashmir Himaliya. These
variations in convergence rates significantly impact the
geometry of the underthrusting Indian Plate, which not
only resulted in arc-normal variation but also caused
arc-parallel segmentation. In addition, the subsurface
structure in the Himalayan region 1s also influenced by
the interaction of wvarious transverse bathymetric
structures on the underthrusting Indian plate and the 11ft
and nappe structures within the overniding Himalayan
wedge, In the Garhwal-Kumaon Himalaya, two N-S
and NNE transverse zones were observed where the
crust was markedly thin, This could be spanally
correlated with the subsurface extension of the Delhi-
Haridwar Ridge and the Moradabad Fault which may
have sipmificantly caused up-warpimg of the Moho
structure  (Mandal et al., 2021). Such structural
complexaty could lead to a redistibubion of strain,
potentially contributing to the observed variations in
seismicity along the Himalayan arc,

The Vp/Vs ratio 15 considered a more effective
dingnostic pyrameter for evaluating  the mechanical
properties of rocks than relving solely on P-wave or S-
wave velocities, thus making it highly sensitive to
variations in rock composition, fluid contemt, and
deformation. In the NW Himalaya, the spatial vaniation
in: crustal Vp/Vs raties (Fig. 83b) reveals a
heterogeneous crustal composition that varies both
along and across the strike of the Himalayan are. These
varations suggest a progressive transformation of the
imitial felsic crust of a craton (comprising granite and
granodiorite) has been altered to an intermediate
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Fig. 81: Tectonic map ol the norbwestern part of the Himalaya, The major litho-tectonic domains [rom seuth 1o north are fabeled
as Indo-Gangetic Plain (1GP), Sub Himalayan Zone (8HZ), Lesser Himalayan Zone (LIEZ), and Higher 1inalayan
{rystalline Zone (HHCZ), The principal thrusts and tectonic features are labeled as Himalayan Frontal Thrast (HFT),
Main Boundary Thrust (MBT), Main Central Thrust {(MCT), Southern Tibetan Detachment (STD), Medlicott-Wadia
Thrust (MWT), Jwalamukhi Thrust (JmT), Kishtwar Window (KW), Larji-Kullu Rampur Window (LKRW), HP.
(Harvana Plain). PP (Punjab Plain). Locations of the 38 broadband seismic stations analyzed in this study (black
triangles), The azimuthal distribution of teleseismic carthquakes (red stars) used in this study for the computation of

receiver finctions has been shown (inset. wop right comer).

composition (diorite) and éventually into a highly mafic
crust (including gabbroic rocks, mafic granulite, and
subordinate serpentinite). This transformation is
influenced by the addition of mantle-derived mafic
materials (Zandt & Ammon, 1995), elevated heat flow
facilitating partial melting and reerystallization, the
serpentinization of ulttamatic rocks through hvdration,
and the high-pressure and high-temperature
metamorphism of mafic protoliths into mafic granulite.
Together, these processes reflect the complex evolution

of the crusl under tectonic and thermal influences, The
1GP and the adjacent Himalayan orogen suggest distinct
compuositional vartations, In the study area, the tectonic
units show the anti-correlations between crustal
thickness and the Vp/Vs ratio, The high Vp/Vs and
comparatively thin crust in the IGP indicate that the
mitial felsic to an intermediate crust of the Indian craton
has been significantly altered by the intrusion of mafic
materials into the lower erust. Over time, this process
has transformed the lower crust into a predominantly
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Fig. 82: Results of'sequential H-k analysis for station AMBL, located in the [GP with sedimentary cover. a) presents the results of
the sedimentary layet (lirst H-fstack) using RFs of Gaussian width 5.0. The best-estimated values of sediment thickness
(3.0 km) and Vp/Vs (2,91), b) presents the erustal results (modified H-£ stack) using the sequential H-& stacking wath
RFs of Gaussian width 2.0, The best-estimated values are H (42,5 k) and Vp/Vs (1.84), ) shows o high-frequency
receiver function moveout imame where sediment arrivals are promunent, Black and bloe srrows mdicate the sediment-
basement converted (F ) phase and muolnples, respectively, The red and orange arrows mdicate the Mobo-converted
{ Pe)andits multiples, respoctieely, d) shows the moveout image using low-froquency recerver functions.

mafic composition, resulting in a stratified and bimodal
crustal structure. The preservation of this mafic lower
crust infers that it has not undergone significant
destruction by any other mechanism. As we progress
towards the Himalayan orogen, the Vp/Vs ratios
decrease with increasing crustal thickness, In young
Cenozoic orogens, processes such as folding and
thrusting contribute to the recycling and refimng of the
existing continental crust, This leads to c¢rustal
thickening and may involve delamination processes that
facilitate the removal of the mafic component from the

lower crust. This observation is further supported by the
fact that the influence of the Indian cratonic crust is most
prominent in the 1GP, indicating a greater contribution
from the mafic lower crust. However, the dominance of
the mafic crust diminishes progressively towards the
north which could be correlated with the increasing
thickness of the Himalayan wedge, mostly composed of
felsic to intermediate rock compositions. The high
Vp/Vs ratios in the Kishtwar region and the Kashmir
Valley can be attributed to the localized volcanie rocks
and the presence of partial melts/aqueous fuids,
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Fig. 83: Lateral vanations (a) Crustal thickness and (b) Vp/Vs rado in the NW Himalaya and adjoming IGP, The results fromithe
present study beneath each station are combined with data from previous RF studies to obtain a comprehensive regional
view of the crustal structure and compeosition, The black triangles in (2) mark the Jocations of all the broadband
seismological stations used in the contour figure, In Tigure b, different symbols for the stations are used based on the
classification of Vp/Vs valugs and their interpretation. The black lines mark the major tectoniv featurés labeled us
Himalayan Frontal Thrust (HFT), Main Boondary Thrist (MBT), Main Central Throst (MCT), South Tibétan
Detuchment (STD), Jwalamukhi Thrust (Jm T}, Kishtwar Window (KW), Larji-Kullu Rampur Window (LKREW),

ANRF Sponsored Praoject

Development of an enhanced landslide detection
model from remote sensing imagery through deep
learning

fNaveen Chandva)

This study explores advanced deep learning models for
automated lindslide detection using satellite imagery.

In the first phase, we employ YOLOw 10 and its variants
integrated with four attention mechanisms: CBAM,
ECA, GAM, and SA_ These models were trained on an
open-source landslide dataset and evaluated usmg
precision, recall, F-score, and mean average precision
(mAP). The YOLOv 1{im+CBAM model achieved the
best performance with a mAP@50-95 of 78.5%. Our
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Fig. 84: Results of the detected landslide by the proposed YOLOw [0+ attention madel.

results demonsirate a robust model capable of rapidly images from the Nepal Himalaya, GELANc+CBAM
identifving and localizing landslide events (Fig: #4) achieved the highest F-score of 81.5%. These results
with significant detection speed and accuracy highlight the effectiveness of attention-augmented
improvements. In a related approach. we introduce a models i accurate landshide mapping and support
novel Generalized Efficient Layer Agg 0 timely disaster response and early hazard prediction.
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Fig, 85: Strueture of the proposed model,

NCPOR Sponsored Project

Decoding South Atlantie paleoceanographic
changes during the Plio-Pleistocene: insights from
10DPHole U1560A

{Prakasam M)

This Internation Ocean Discovery Program (10DP)
India post-cruise research project will investigate

(=) |-

paleoclimate and paleoceanographic changes in the
South Atlantic Ocean during the Plio-Pleistocene. The
time interval {last 3 million years) has been marked by a
dramatic change in Earth's climate and oceanography.
from a warmer condition to the colder icehouse climate
of the Pleistocene. During the Mid-Pleistocene
Transition (MPT). Earth's glacial cycles changed
drastically from 41 to 100 kyr cyeles. The North Atlantic
part 15 well-studied, whereas the South Atlantic part is
refatively under-explored. especially its central part.
This the South Atlantic plavs a key role in global climate
repulation via mechanisms such as the Atlantic
Meridional Overtuming Circulation and the Agulhas
Current. This proposal seeks to fill this knowledge gap
by examining multi-proxy records from 10DP Hole
1560A in the South Atlantic (Fig. 86) to elucidate Plio-
Pleistocene palepceanographic evolution and its
implications  for future climate, Additionally, the
proposal attempts to study the teleconnection of sea
surface lemperature anomalies in the South Atlantic and
the Indian monsoon, a critical system (o0 South Asia
while, previous model studies indicate that warming of
the South Atlantic can influence monsoon precipitation.
By comparing 10DP Hole UI560A data with Indian
monsoon data, this researeh seeks to enhance our
knowledge of these teleconnections 10 make better
predictions about the monsoons and assess the impact of
climate change on India's water resources and
agriculture, Thus far, 52 samples have been processed
for foraminifera faunal recovery and for measurement
oftotal organic carbon, with planktic foraminitera being
identified by microscopic analysis.

{uny) wdep seps

Fig.86: Bathymetry map of South Atlantic Ocean (red star represents study Hole U15604A ) Map modified from Coggeon et al.,

2022).
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ANRF-DST Sponsored Project

Post-LGM precipitation and temperature
variahility in western Himalaya

fivomy P e amd Andf Keemor)

A 243 m sediment core from the Khajjiar Lake,
Himachal Pradesh has been investigated for proxies of
gram size characteristics, magnetic susceptibility and
stable carbon isotopes in organic fraction to understand
regional elimate change in the past and regional and/or
global forcing mechanisms. The chronology of the
sediment core has been established using Accelerator
Mass Spectrometry (AMS) "C dating of bulk
sediments. The Khajjiar lake is a small lake situated at
an altitude of 1900 m in Chamba distriect Himachal
Pradesh. The lake has an area of 4500) m™ and total
catchment of 6 km', Geologically. the ares is mainly
comprised of Silurian rocks sales, schist and
cenglomerate, These rocks are underlain by granite,
gnciss and conglomerate. The strata is conventionally
known as Dalhousie Granite forming part of
Dhauladhar Granite, The area is influenced by two
moisture mechanisms, the Indian Summer Monsooen
(ISM Y and mid latitude westerlies. The 1ISM contributes
major portion of the annual precipitation in the region
and snowfall occurs during the winters. The dating
results indicate the depesition of the 2:43 m sedimenis
during the last~6000 years.

Based on various proxy time series. the present
record from the Khajjiar Lake can be categorized into
three different zones.

Lone 1 (243 and 130 ¢cm)

Between 243 and 130cm. sediments are dominated by
silt size fractions, and within the silt fraction, sand
concentration is low (Fig. 87). This can be interpreted as
low energy transport linked with low water discharge
from the catchment related to the weekend ISM. More
depleted carbon isotopes suggest high contribution of

organic content from the catchment having dense forest.
This zone is showing weakening ISM and reducing
precipitation in last phase of Northgrippian and early
phase of Mezhalayan. This phase 15 also visible in the
lake records from western Himalaya and western India
(Enzeletal. 1999 Duttetal , 2018),

Zone 2{130-%0 cm)

Zone 2 suggests drastic increase of sand-size particlesto
more than 20 percent, which indicate a very high energy
transport linked with the very high precipitation in the
region that raised flash flood like conditions (Fig. 87).

The deposition between 130 and 110 em 15 a result of

flashflood or cloudburst transport deposition, The
angularity of the grains also indicates short distance
transport and sudden deposition to the Khajjiar Lake
(Fig. B8). The age reversal encountered in this zone can
be interpreted as transport of dead carbon from the
catchment and deposition in the lake,

| &= Lone 3

1

Lone 2

ey
V

Zone |

- P e Vel

YA L

L

L

Sl

Fig. 87: Proxy recornds of grain size charmcteristics, xfid (%)
and 6"'C isotope with ages wrt collected core
sample from the Khajjiar Lake, Himachal Pradesh.
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Lome 3 (Pem-Top)

After 90 cm, the sand fraction again decreased and silt
increased. This can be referred to as decreasing high
energy transport and decreased strength of ISM and less
precipitation in the region. After 50 cm, clay fraction
mcreased gradually which can be linked with the
gradual decline in [SM strength that led to the stagnant
and low water level in the lake. The deposition of the
sediments on the coring site occurred during the high
lake level after monsoon only.

ANRF-DST Sponsored Project

Optical characterization of atmospheric aerosols
along Mandakini Valley, Garhwal Himalaya, India
(C ey Pant Pandey)

The project is aimed at the monitoring and analysis of
black earbon (BC) concentration in the Mandakini
Valley using field-based measurements and data-driven
approaches. The primary objective is to understand the
spatial and temporal variability of black carbon under
different envirommental and seasonal conditions. Three
fieldwork campaigns have been conducted across
different locations in the Mandakini Vallev. In addition
to periodic fieldwork, a continuous monitoring system
has also been established in the valley 1o record real-
time wvariations in black carbon concentrations.
However, to comprehensively capture the variability of

black carbon concentrations across different seasons,
months, and meteorological conditions, further field
campaigns are tequited. These future campaigns.
combined with continuous monitoring data. will help to
strengthen the dataset and provide deeper insights into
seasonal dynamics, source attribution, and the potential
impacts on regional climate and buman health. The
project is currently ongoing since May 2024, The
findings will ultimately contribute toward developing
mitigation strategies and informing loeal policy
frameworks aimed at controlling black carbon
emissions in the sensitive Himalayvan region.

ANRF-DST Sponsored Project

Assessment of groundwater from hard rock aguifers
in the Lower Himalaya. India

(Santosh Kumar Rai and Roufl Ahmoad Shih)

The project aims to assess the groundwater resources
from hard rock aquifers in the Chakrata hilly region
through multiproxy approaches (Fig, 89), The primary
objective is 1o prepare the spring inventory and
understand the groundwater recharge processes and
vulnerability, Five periodic field campaigns have been
conducted to measure the spring flow rates and collect
the water samples from surface (precipitation and
streams) and groundwater (wells and springs) from
different locations across the study region, About 104
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Scatter plots show the relationships among major ions in monitored springs within the study area, The plots include; o) Gibbs

dingram b} Ca +Me™ versus HCO, ) Ca” + Mg versus HOO, +50,7 dj Nut'- €I versus Ca”+Mp™ - HCO, -S0 ", These
relationships provide valuable insights into the geochemical processes oceurring along the lowpaths ofmonitored springs.
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springs with low to moderate discharge of 3-200 L/min,
originating from these two rock formations, were
traced; most of springs have been sampled for
chemometric and isotopic analysis. The preliminary
results suggest that springs are alkaline in character. and
are low o moderately mineralized, showing ionic
abundances follow the similar abundance order as: Ca™
=Mg = Na' =K forcations, and HCO, >80, >l =
NO, for anions. Further, there is & noticeable variance in
ionic concentrations among the springs at the spatial
segale, which could be attributed to changes in local
mineralogy in the corresponding host rock and/or
changing weathering rates, The data plotted as Na / Na
+ Ca versus TDS (Fig. 89a) shows that most samples
lie within the rock dominance zone, particularly the

karst springs, suggesting the ionic composition of

spring waters is primarily regulated by natoral
mineralization of hosted rocks. Some water samples are
from the fissured ones, with lower TDS or dissolved
ioms that fall along and/or below the rock-precipitation
control zone. This suggests that the recharge water,
which is lower in TDS, may have insufficient contact
time to eause any significant geochemical change
and/or to exert a geachemical effect on the host rock,
along the {low path of these springs. The carbonate and

silicate weathering is supported by Ca™ + Mg versus
HCO3 (Fig. 89b), and versus HCO, + 50, (Fig. 8%¢),
where samples mostly lie along the equiline. However,
few samples shift away from the equiline, suggestmg
some ionic exchange and ‘or silicate contribution during
the carbonate dissolution that may have contributed to
their higher Ca- and Mg concentrations. The
relationship between Ca™ + Mg -HCO, 80, and Na -
Cl (Fig. 89d), where samples fall very elose to zero on
the x-axis (i.e., Na -CI'). supports minor role of ion
exchange process in regulating the ionic content of the
spring waters,

DST Sponsored Project

Development and Deployment ol an Integrated
Operational Warning System (IOWS) in
Dhauliganga River Basin, Chamoli, Uttarakhand
{Kalaeland Sain and Amit Kumard

The project’s objective 15 to develop a comprehensive
Integrated Operational Warning System (IOWS) for the
Dhauliganga Basin, The system will be initiated by
deploving real-time monitoring tools, including
Automatic Weather Stations {AWS), Automatic Waler
Level Recorders (AWLR), and Broadband Seismic

. Integrated Operational Early Warning System (IOWS)
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Fig.90: Flowchart illustrating the methodology adopted in the development and deployment ol the Early Wamning Systen in the

Dhauliganga Basin.
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stations (BBS). These instruments will continuously
collect data on weather conditions, water levels and
flow, and seismic activity observed during disasters.
This real-time data will feed into an intelligent system
that uses Arificial Intelligence (Al) 1o detect unusual
patterns and predict potential flood disasters. To ensure
the system functions accurately, it will be tested and
calibrated using historical flood data (glacial lake
outburst floods. landslides, avalanches and hydro-
meteorological extremes) of the region. When a threat is
identified. the system nutomatically sends alerts
through sirens and other channels. helping people
evacuate and protect lives and property. Disaster
response agencies will also receive this information,
enabling them to respond quickly and manage resources
efficiently. Additionally, training and awareness
programs will be conducted for local authorities and
residents to ensure proper use ol the system and its long-

ENWWE

T
i

term sustainability. As part of the project, the Depanment
of Science and Technology (DST) has approved and
sanctioned the budget for the procurement of
instruments, including Automatic Weather Stations
{AWS ) Automatic Water Leveland Velocity Recorders
(AWLR), Broadband Seismic Stations (BBS). and
sirens/hooters. These instruments are to be integrated
via a Very Small Aperture Terminal (V-5AT and GSM
{Global System for Mobile Communications) or GPRS
{General Packet Radio Service) telemetry system to
enable real-time data acquisition and dissemination.
The primary objective is to install and operationalise a
robust monitoring network that allows real-time data
transmission and helps mitigate regional risks. The
methodology is illustrated in a fowchart, highlighting
the various components to be adopted in developing and
deploying the Early Warning System in the
Dhauliganga Basin (Fig, 90).
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Showing the locations of the instruments to be mstalled in the Dhaoliganga basin, mcluding the selected sites for AWS,

AWLR, BBS. and sirens for real-time data acquisition under the LOWS Project. along with the vulnerable glacial lake

and one damming site in the upper Dhauliganga basin,
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Given the high susceptibility of the Dhauliganga
basin o multiple hazards. including glacier-related
events. landslides, avalanches. lake outburst floods, and
extreme hydro-meteorological occurrences. the careful
selection of sites is critically important. This basin hasa
documented history of such events and continues to
experience several of them annually. Therefore; the
project team conducted extensive field surveys to
identify and finalize suitable loeations for installing a
network of AWS, AWLR, and BBS instrumenis. The
methodology involved selecting the first site in the
uppermost region of the basin, designated as Site LI
(Fig. 1), where the hazard potential is considered most
critical. These surveys focused on highly glacierized
areas in the upper Dhauliganga Basin.

A detailed assessment was conducted through
ground reconnaissance and field expeditions,
identifymg glacial lakes, active landslides, and probable
sites for developing landslide-induced lakes with
potential cutburst events. Based on this evaluation, one
critical lake (Vansundra Taly was selected for
continuous momtorng (Figs. 91 and 92). It is important
to mention that the lake (Vansundra Tal) selected for

monitoring is already included in the list of most
vulnerable lakes of Unarakhand. as identified by the
National Disaster Management Authority (NDMA)
under the National Glacial Lake OQOutburst Flood
(GLOF) Risk Mitigation Project (NGRMP ),

Similarly, two additional sites for the installation of
the instruments mentioned above (Sites L2 and L3) have
been selected further downstream, particularly at
locations where major tributaries (sub-basins) merge
with the Dhauliganga River (refer. Fig. 93). These sub-
basins pose a significant hazard potential due to their
extensive glacier-covered areas. One such example is
the Dunagiri-Bangni sub-basin. To avoid duplication
and ensure optimal coverpge, it was verified that no
other agency has installed similar instruments/networks
at or near the selected locations, This was done through
consultations, feld checks, and reviewing existing
observation networks in the basin, The information for
the same has also been provided to different
stakeholders/institutions working in this basin. The
exact location for the installation of the Automatic
Weather Statton (AWS), Automatic Water Level
Recorder { AWLR), and Broadband Seismometer (BBS)

Fig.92: The lieldwork wits carfied out by two teams near Vasudhara Tal, covering both upstresm and downstreany areas. One
team, consisting of project staff, conducted sumveys using funds pvailable under the projeet. The other teany, from WIHG,
wis funded by the USDMA for the joint expedition. Additionally, members from the Stite Disaster Management
Authority (SDMA) provided crocial support during the feld visit, particularly in conducting the hathymetric survey,
Their invalvement ensured the spceesstul completion of the survey by offering techmical expertise, resources, nnd
logisticn] assistance. Given the challenging high-altitude envitonment, SDMA was also available to manage any
unforeseen situations, providing essential support in handling the harsh conditions and ensuring the safety and success

ofthe fieldwork.
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Fig.9%: Location of Vasundhars Lake in the Dhaulipangy Basin and its sorface area vanation between 2023 and 2024, based on
LISS IV data from September 26, 2023 and September 15,2024,
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was strategically selected near the confluence, where
water from the lakes/dammed lakes would likely flow
downstream in the event of an outburst (Fig. 91). The
joint expedition was conducted by the Uttarakhand
State Disaster Management Authority (USDMA ) under
the National Glacier and River Monitoring Programme
(NGRMP). funded by the National Disaster
Management Authority (NDMA), team from the WIHG
visited the glacier and the associated glacial lake,
confirming its vulnerability 1o outburst floods in the
downstream region. As mentioned, Vasundhara tal, a
prominent placial lake located at an elevation of
approximately 4,700 meters. is one of the largest glacial
lakes within the study area. During the study period,
high-resolution  LISS-TV satellite imagery (with a
spatial resolution of 5.8 m) was utilized to monitor
changes in the lake's surface area. Observations from
September 2023 1o December 2024 reveal a clear
seasonal pattern: the lake expands during the pre-
motisoon and monsoon months (May to July). reaching
its maximum extent in July. After the monsoon, the

lake's ares beging 10 shrink and remains completely
frozen from January to April (Fig. 93). 1t has been noted
that the area of Vashudhara Lake decreased by 5.7%
over the past vear. from approximately 0.50 km® on
September 26, 2023,

ANRE-DST Sponsored Project
Long-Term Monitoring of Gangotri
Garhwal Himalaya

(Kalachond Sain and Amit Knmiar)

Glacier,

This project aims to map and monitor the Gangotri
Glacier and their associated glacial lakes; collect
meteorological and hydrological data, assess glacial
hazards, and disseminate information regarding
potential threats to the USDMA. In this context, a
network of two Automatic Weather Stations (AWS), one
Automatic Water Level Recorder (AWLR), and two
broadband seismie stations was installed i the basin
during October and November 2023 (Fig, 94). The
project staff visited the Gangotri Glacier several times
during the entire study period from April 2024 to March
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Fig.94: Showing the clevation-wise distribution of the Bhagirathi basin and the location of the Autematic Weather Station,
Automatic Weather Station. and Broadband Seismic Stations, installed in Movember 2023,
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2025, The water level of the Bhagirathi River began to
ineredse in the first week of April. The channel
originating from the Meru Glacier started discharging
water into the main Bhagirathi River. Significant debris
remains. around the snout of the Gangotri Glacier
following the debris event in 2017, During August
2024 all the instruments are functioning well: however,
in. the first week of August, continuous rainfall
combined with pglacier-related activities may have
contributed 1o a flash flood event in the region. As
informed by our watch and ward staff, on 47 August
2024, due to an unusually high water level and sediment
in the rver, our Automutic Water Level Recorder
[AWLR ) was washed nway,

Despite’ efforts by the siaff w retrieve the
instrument, they were unsuccessful due to the high
water and sediment in the river. A team from the WIHG
visited the Gangotr Glacier in Sepiember 2024 1o assess
and understand the event's causes, During the visit, the
team collected meteorological data from the Automahic
Weather Stations (AWS) at Bhopwasa and Chirwasa and
seismic data from the Broadband seismic stations at
Bhojwasa and the Maneri Dam. In September 2024, a
manual observatory was transported and established at
the Bhojwasa to collect various meteorological
parameters, including rainfall and temperature data. as
shown in figure %5. The manual observaiory was
installed to collect meteorological data and 1o serve asa

| PR -T

Fig.95: (A) Photograph showing the observatory at the base camp, equipped with an Autematic Weather Station, Broadband
Seismic Station, and manual instruments such as maximum-mimimum thenmometers, an ofdinary rin gauge, and & pan
evaporimeter insialled in September 2024, (B) The Automatic Weather Station al Chirwasa and (C) the Broadband
Seismic Slation at Maneri.
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WG base canip, Bhojwasn
{ic ' ST

SPONSORED RESEARCH PROJECTS

Autumatle Weatler Ststion, Biijwiss Auronuitic Weather Stathon, Cliirwiis

Fig.96: (A) Snow-covered view of Bhojwasa durmmg March 2025, (B) The hut and base camp, fully-covered in snow, (C) The
observatory at the base camp; equipped with an Automatic Weather Station and Broadband Seismic Station at Bhojwasa,
(B The Automatic Weather Station al Chirwasa.
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backup in case of any malfunctioning of automated
instruments. From October 1o November 2024, the
project staft conducted field reconnaissance along the
Bhagirathi River from Bhojwasa to the snout of the
Gangotri Gilacier.

From January to early March 2025, field activities
in the Gangotn Glacier region were limited due to harsh
winter conditions and heavy snewfall (Fig. 96).
Significant snowfall oceurred from January through
mid-March, making access to high-altitude areas such
as Bhojwasa extremely challenging. As a result, the
project team operated from lower elevations during this
period. In mid-March 2025, despite persistent snow and
rugged terrain, the project team reached the Bhojpwasa.
During this visit, they inspected the instruments
installed at both Bhojwasa and Chirwasa and confirmed
that all systems were functional (Fig. 96). However, no
datawere retrieved at that hime.

Snow cover in the glacier basin was monitored at
regular intervals to understand the areal extent of
seasona) snow distribution throughout the year. On 10"
April, the glacier basin was 99.82% covered with snow
up to the base camp (3800 m). By 27" May, this
coverage had reduced to 73%, meaning 27% of the
snow mielted in just47 days. Itis expeeted to decrease to
67% by 12" June 2024, indicating an additional 6% melt
over 16 days (Fig. 97). This data highlights a significant
and relatively rapid reduction in snow cover in the
glacier basin over a short period, with specific
percentages of melt caleulated for different time
intervals. This trend may suggest accelerated snowmelt
due to rising temperatures, seasonal vanations, or other
environmental factors. On 30" July, observations
showed that the glacier basin was 45% covered with
snow up to the base camp. By 31% August, this coveraoe
had increased to 53%. marking an 8% rise in just 32
days. It increased to %1% by 24" September 2024.
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Fig.97: RBatellite images showing the distribution of seasonal snow cover up to Bhojwasa in the Gangotri Glagier hasin from
April to September 2024, Sentinel-2A and Landsat imagery were used for monitorng snow cover from Apnil to June;
while Landsat imagery wisused o monitor changes from July 1o Seplember.
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indicating an additional 28% rise over the next 24 days
(Fig. 97). This snow cover increase over a shor
timeframe suggests a snowfall event at higher
elevations. likely driven by low temperatures and
continuous rainfall during this period.

Asdetected through imagery, the observed decrease
in snow cover from 44% on Ist November to 38% on
21st November highlights its effectiveness in
monitoring seasonal snow changes. This trend indicates
a gradual reduction in snow cover, likely due to
increased temperatures. decreased precipitation, or
enhanced solar radiation during this period. The snow
cover percentage for the basin area up to the Bhojwasa
has been calculated, Specifically, between 1" November
and 11" November, the snow cover decreased from 44%
to 41%, and from 11" November to 16" November, it
decreased from 41% to 39%, Finally, from 16
November to 21st November, the snow cover declined
trom 39% to 38%, showing continued melting, likely
due to increased temperature and clear sky conditions
(Fig. 98). The analysis of snow cover in December,
based on Sentinel-2 satellite data, offers valuable
insights into snow's spatial and temporal dynamics, The
data reveals an increase in snow cover from 36% on 6
December to 62% on 21" December, as identified
through the imagery of Sentinel-2, emphasising its
effectiveness in monitoring seasonal snow changes.
This trend indicates a gradual accumulation of snow,
likely influenced by factors such as lower temperatures
and increased precipitation during this period. Between
16" and 21° December. the snow cover fluctuated
between 45% and 41%, respectively, showing signs of
melting due to clear sky conditions (Fig. 98). During
the winter months of January to March 2025, snow
cover in the Gangotri region was monitored at multiple
intervals to assess seasonal variation and the extent of
snow accumulation. The observations reveal notable
fluctuations in snow cover throughout the period,
influenced by prevailing weather conditions and
episodic snowfall events. In January 2025, snow cover
remained relatively high, with values ranging between
54% and T4%. On 10th January, the snow cover was
recorded at 68%. increasing to a peak of 74% by 157
January. This was followed by a gradual decline to 63%
on 25" January and 54% by the end of the month on 30"
January (Fig. 99).

The initial increase in coverage likely corresponds
to early January snowfall events, while the subsequent
decrease suggests minor melting or setthing of snow.
February 2025 showed greater variability. Snow cover
on 9" February was recorded at 66% but dropped
sharply to 49% by 14" February, indicating a brief
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Fig.98: Satellite images showing the distribution of

seasonil snow cover-up to Bhojwasa in Gangotri
Ciacier basin from July to September 2024, Landsat
mmageries wereused the monitor thesechanges:

petiod of warmer conditions or reduced precipitation.
However, a significant incresse followed in the month's
latter half, with snow cover rising to 74% on 19"
February and reaching 80% by 24" February. This sharp
rise suggests renewed snowfall activity in the region.
March 2025 marked the highest snow accumulution
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Fig.99: Satellite images showing the distribution of seasonal snow cover-up to Bhojwasa in the Gangotri Glacier Basin from

Tanuary to March 2025,

during the observation period. Snow cover reached 86%
on 21" March, the peak value for the season. Although a
shight reduction to 74% was recorded by 317 March, the
overall spow presence remained substantial (Fig. 99),
This persistent and heavy snow accuniulation during
Murch aligns with reported field challenges faced by the
project team, particularly in sceessing higher-elevation
locations such as Bhojwass, The data indicate
consistent snow  presence with episodic increases,
reflecting uetive winter precipitation patterns. The high
snow cover observed in late February and March would
significantly impact glacier surface cnergy balunce,
mielt timing, and spring runoffinto the Bhagirathi River.
These observations underscore the importance of
continuous snow monitoring o better understand
seasonal dynamics,
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ANRF-DST Sponsored Project

Early Landslide monitoring of the Kondoi Village,
Chakrata Block: with special emphasis on slope
vulnerahility investigation and suggestive measures
(Swagmaniita Choudhury and Kavingshing Lutrei)

The Kandi Village (Kondoi Bondur) has a population of
approximately 400 people and 40 houses, which are at
the risk of landslides due to natural and anthropogenic
factors. Construction of the road has increased the
frequency of landslides in this regton, which are visible
along the road cut section, and the presence of fractures
and joints on the slope can facilitate the slide during the
monsoon. Therefore, a prediction model using in-situ
sensors and remote sensing was proposed and planned
for a real-time operational Landslide Early Warning
Swystem (LEWS), Field work was conducted in the study
area to study the litho-structural aspects and Lo coellect
soil and rock data for peotechnical analyses. The
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samples were analysed for prain size, soil classification,
and liquid and plastic limit at the WIHG Geotechnical
laboratory. Geotechnical investigation 1s also crucial
before the installation of the LEWS is initiated to plan
the site, installation depths, and positions. Geotechnical
analyses provide insights into the soil's behaviour and
its suitability for varions engineering applications based
on the physical properties. Kandi (Kondoi Bondur)
Village, located in a geomorphologically sensitive zone,
has been increasingly impacted by hvdro-geological
hazards. including landslides. land subsidence, and
structural damages such as cracks in residential
buildings. Field observations have identifiad at least six
active landslide points within and around the village,
with a particularly eritical active landslide zone posing
direet threats to property and life. This report integrates
long-term climatic analysis with geohazard data to
uriderstand how changes in rainfall patterns may
influence or exacerbate these hazards. Rainfall and
Temperature Trend Analysis for the Kandi (Kondoi
Bondur) Village (1901-2024): Rainfall: the Mean
Atinual Rainfall graph (1901-2024) shows a declining
trend in annual precipitation over the past 124 years.
While the early 20" century recorded higher and more
stuble rainfall (peaking over 10 mm average), a steady
decline i wvisible post-1960s, with annual means
frequently dipping below 4 mm in recent decades. A
line#r regression model applied to the rainfall time
serics shows o nepative -11.46 mm/year trend,
reflecting a measurable and progressive decline in

annual rainfull. To assess the statistical robustness of

this trend, the Mann-Kendall test - a nen-parametric test
specifically suited for environmental time-serics
analysis was emploved. The test results confirm a
statistically significant decreasing trend, supported by
p-value of 0.0, indicating robust evidence against the
null hypothesis of no trend.

Furthermore, the Kendall's Tau coefficient was
calculnted at ~0.530, implving a moderately strong
negative association between time and rainfall. The
Theil-Sen slope estimator yielded a value of —11.20
mm/year, corroborating the regression outcome,
offering a robust estimate of the trend's magnitude.
Recent Rainfall Trend Analysis 2024-2025; the 2024
high-resolution daily rainfall analvsis reveals distinet
patterns. Prolonged dry periods characterized the early
months of the year, while late July to mid-September
saw abrupt and sharp rainfall spikes, peaking at 66 mm
in a single event. During the mongoon, moderate to
heavy rainfall clusters were evident, mereasing the risk
of slope saturation. Although the total annual ramnfall
remained low, the concentration of intense rainfall

events significantly heightens the risk of slppe failures.
The decreasing rain could be attributed to monsoonal
dynamics, increased dry spells. land use changes.
deforestation, and rising regional temperatures. This
trend is consistent with ¢limate change patierns in
Himalaya. The changing nature of precipitation is less
frequent but more intense, combined with geological
fragility and human activity. leading te increased
landslide and subsidence risks. The active landslide
rones and structural damages in Kandi are likely not
solelv a result of cumulative rainfall but of hydro-
climatic stress concentrated over shorter periods;
exacerbated by local terrain and development practices.
Proactive intervention through integrated climate and
hiazard assessments is urgently required to protect lives
and infrastructure in this vulnerable Himalayan village,

ANRF-DST Sponsored Project

High-resolution rodent biochromology and
vertebrate based palacoecology and
palaeobiogeography of the Ladakh Molasse Group,
North-West Himalaya

r.'\'.l.lrg.'.'llr.l.'fl."u.ll.' PP:'HJ,II?."‘E'.I'H_E:FJ,J

A 10 days detailed field work was carried out in Ladakh
during October 6-15, 2024 10 delineate sections
contoining micro-vertebrate fossils and use them to
reconstruct the biostratigraphy of Ladakh Molasse, The
findings would be important as they will help to rebuild
the paleoecological condition that prevailed at the time
and make comparisons with local, regional and sub-
continental deposits to understand the ecological
continuity/discontinuity, With the stated objective, the
undertaken fieldwork comprised of 4 days in Leh and 3
days in Kargil, The first part of the field was in Leh from
7-14 October, 2024, First, we visited the Taruche and
Saspochey villages (Fig. 100) first and started
reconnaissance of the exposures of Ladakh Molasse in
the area. Based on the available literature and previous
work-done in Leh, the region was selected as one with
the most potential for yielding micro-vertebrates fossils
and other fossiliferous sections. The areas have yielded
two main fossiliferous sections that show the possibility
of finding important micro-vertebrates such as rodents.

Another section visited was the Basgo Formation.
One of the sections here has vielded plant fossils (Fig.
101). Well- preserved plant leaf impressions are the
most significant find that holds promising research
prospects including paleoecological reconstructions.
The well-preserved dicotyledon leaf (Fig. 101B) will
open a new window to understand the topography of the
Ladalh that prevailed at the time.
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Fig. 102: (A) Locality exposed along the Wakka Chu river of Kargil, (B) locality exposed near the Pashkyum village of Kargil,

The next part of the field was carried out in the
Kargil area. The three main formations of the Ladakh
Molasse were visited ie. The Kargil Formation,
Tharumsa Formation and the Pashkyum Formation
(Fig. 102). Field works along all three were carried out.
The Kargil Formation was traversed along the Wakka

Chu river section which hosts the best outcrop. This
Formation proved to be the most fossiliferous and as
mamy as seven layers were delineated. At the outcrop,
fossils of gastropods and fish bones were readily visible
which showed positive possibility of other micro-
vertebrate fossils as well. Fieldwork in Pashkyum
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Formation near the Pashkyum village has also yielded
many fossiliferous layers. The silty to clayey sediments
hosted gastropods and occasional fish-tooth fossils.
Hence. this section also showed the positive potential of
more important micro-veriebrate finds,

In conclusion, the fieldwork was a success as we
were able to delineate many fossiliferous layers which
hold a positive prospect of yielding new and important
tossils. To that end, around 600 kg of samples have
been collected collectively from all the above-
mentioned sections and their processing has already
started.  Preliminary maceration and sorting of
samples from the Kargil Formation are already
yielding charophytes and fish fossils in abundance.
We expect the same and more from other samples. We
are hopeful that the findings will ultimately contribute
towards the fulfillment of the objectives of this feld
and make a beneficial contribution to the
palaeontology and understanding of the Ladakh
Molasse and Palaeontological records.

ANRF-DST Sponsored Project

Paleoclimate, paleoenvironmental and
biostratigraphy reconstruction in light of India-Asia
collision and global bio-events of Surma Group,
Neogene sediments of the Naga Hills, Indo-
Myanmar Bange

fapesa Lakhoand M, Frakasam)

A core research pgrant (CRG) was awarded from
Anusandhan National Research Foundation (ANRF)-
Department of Science and Technology (DST), India. to
Dr. Kapesa Lokho (Principal Investigator) and Dr. M.
Prakasam (Co-Principal Investigator). The project,
titled "Paleoclimate, palecenvironmental and
biostratigraphy reconstruction in light of India-Asia
collision and global bio-events of Surma Group,
Neogene sediments of the Naga Hills, Indo-Myanmar
Range.” will investigate past environmental changes in
the Maga Hills region. Calcareous nannofossils acts as
crueial biostratigraphical teol in establishing and
understanding the geological ime scales and the history
of the Earth's elimate and oceans. These microscopic
marine organisms, which are primarily small. calcium
carbonate plates (coccoliths) are valuable in relative
dating and correlating of marine sequences. In this
study, calcareous black silty-shale samples are used for
reconstruction and dating the biostratigraphy and
palacoenvironmental setting. This is the first record of
nannofossils being reported from the Surma group of
Naga Hills consisting of Coccolithus  pelagicus,
Caleidiseus leptoporous, Coccolithus miopelagicus,
Helicosphaera  carteri, Helicosphacra  euphratis,

Fig. 103:

A flaser bedding formation from the Surma Group;
Maga Hills of Indo-Myanmar Range.

Reticulafenestra hagii, Reticulofenestra minuta,
Reticulafenesira psenudoumbificus. Total organic carbon
(TOC), major and trace elemental analysis were
performed on 27 samples. Data synthesis are in
progress. Additionally, field work for 13 days from 28"
March to 9" April, 2025 was carried out. The work was
carried out for strengthening of the high resolution for
the fossiliferous section. In the field, sedimentary
features such as flaser (Fig. 103)and leaticular bedding,
ripple cross lamination and lunate ripples were
observed.

DST Sponsored WISE Post-Dactoral Fellowship
Holocene vegetation and climate dynamics in the
cold-arid regions of Lahaul-Spiti, Northwest
Himalaya

(O eepika Tripathi)

A comprehensive field study lasting 15 days was
conducted trom late September to mid-October 2024 in
the cold arid region of Lahaul Spiti. The objective was to
gather samples for the examination of climatic and
vegetation dynamics during the Holocene epoch.
Approximately 30 surface samples were collected, n
addition 1o 130 modem plant specimens as illustrated in
figure 104. Furthermore, B4 sediment samples were
obtained from two cores (30 samples from the first site
and 54 samples from the second site) in the Spiti valley
for multi-proxy analysis, which includes both biotic and
abiotic proxies, as well as Accelerator Mass
Spectrometry (AMS) "“C dating.

Out of the 130 modern plants colleeted, 50 have
been taxonomically classified with the assistance of
taxonomist Dr. DS Rawat ffom GBPUAT, Pant Nagar,
Uttarakhand, Phytolith analysis has been eompleted for
20 modern plants, with additional work ongoing, which
aims to c¢stablish the first plivtelith reference collection
for the Lahaul-Spiti region.
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The processing of surface and sediment samples is
being conducted in accordance with the specified
protocols for each proxy (biotic and abiotic). To date,
the pre-preparation of 20420 samples for biotic proxics
und 20 samples for abiotic proxies has been finalized.

ANRF-DST Sponsored Project

Provenance, Burial, and Exhumation History of the
Karakoram Tethys Sequence, NW India

f Fikees dellabho, Mahesh Kapawaramd Saurabf Singhal)

A new zircon and apatite fission-track (ZFT-AFT)
thermochronological study has been carried out along
the Karakoram Fault (KF) zone in the Nubra Valley, SE
Karakoram, India, The ZFT ages range from 8.7+0.7 to
11.320.6 Ma, and the AFT ages range from 3.8+0.5 to
69411 Ma, respectively. The calculated exhumation
rates using ZFT ages vary from ~0.54+0.04 1o
0.66+0.04 mm yr -1 since ~9.87 Ma and for AFT ages
from ~0.58=0,1 to 0.68+0.11 mm yr -1 since 4.8 Ma.
The exhumation rateés from the Nubra Valley are more
than double those observed in the southern Ladakh
Batholith (LB) and are similar to the Karakoram
Transpression Zone (KTZ) and Karakoram Terrane
(KT} to the north of the KF zone. The consistent
decreasing pattern of AFT ages from the LB towards the
KT indicates that local tectonic influences play 2
negligible role and the role of regional tectonics in this

96

zone's exhumation history. No systematic ZFT ape
pattern was found from south tonorth. There is evidence
of the southward thrusting of the KT over the northern
LB during the middle Miocene (=12 Ma) in the Nubra
region. We sugeest that the south-directed throsting of
the KT ualong the Shyok Suture Zone (S5Z)Main
Karakoram Thrust (MKT) results from intense crustal
shortening in the KT duning the Miocene. We propose
that during the early Miocene, the delamination-
induced high uplift triggered the mitial phuse of
exhumation of the KT, the evidence of which exists in
the form of the presence of mantle-derived 3He/4He
isotope ratios in geothermal springs along the KF from
the MNubra Valley snd Miocene K-rich lamprophyres
from the central Karakoram. The exhumation in the last
phase was facilitated by the underthrusting of the Indian
Plate beneath the KT,

Sponsered project: (INSPIRE Faculty)

Evolution of atmosphere-hyvdrosphere im the
Mesoproterozoic ("boring billion"): a geochemical
study

(Subhosit Sakhea)

Bilara Limestone (Marwar Basin)
The <300 m thick limestone-dolomite-chert succession
of the Bilara Group, Marwar basin has been studied for
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Table2: Sections studied from Bilara limestones with
lat-long data,

Aghip L A T T3%31114 g
Khejarlia 6% 5 547 T3541'4. 14"

Hirla ming 2673531547 LR -

Cinapa 27 HrEs " F bk i i g

| Eirasl Mine 26701464 7344 341"
Lordiya i AT 72 92 153.89"
Bard Bawari el B L TIET5'3 B
Barnn ming section IHE0 ) Ti%44'39. 19"
g 26 %741 263" T M5 (A
MNTP 26°35'26.8 73745561
REMS 26 34" 322" 73 94612 50"
Tuckhiun | 26 38400 " T3 451652
Hirla mine section 26°35'31.54% T3%4R'2.96"

Mlan singh ZaM2FTA" TEE4T 5570
Tucklian 11 267372507 71374712840

carbon and oxygen isotopic studies. The Bilara Group
classified under three Formations wviz. Dhanapa
dolomite, Gotan limestone and Pendlu dolomite, in
order of superposition. The Bilara litho-succession is
studied from 15 sections{ Table 2).

Carbon isotope study in the Bilara Group of rocks

Samples were collected from quarry sections including
Mun Singh, Birla, CDB, Harash, JP, RSME, Tucklian (1
& II) and mound/hillock sections including Gopa and
Bari Bawari. Samples collected from the basal part of
the Bilara lithopackage (GirbakharBilara contact) at the
Lordiva section could not be measured because of heavy
chertification. Maximum and mimimum values of
&"'C,, at the Man Singh quarry section are 1.% and -6.6,
it the Birla quarry section are 2,4 and -10.4, at the CDB
quarry section are 2.6 and -4.4, at the Harash section are
-0.1 and -7,5. at the JP mine section are 0.3 and -3.2, at
the RSME quarry section are 0.9 and -5.1. at the
Tucklian | quarry section are 1.3 and -6.3. at the
Tucklian 11 quarry section are | .6.and -7.2, at the Ashop
quarry section are 0.1 and -6.8, at the Gopa hillock
seetion are -4, 1 and -4.7 and at the Bari Bawari mound
section are -1.9 and -2.6. A preliminary look at the data
reveals that through the Bilara lithopackage the 57'C_ .
value varies in a wide ranpe between a maximum value
of 1.3 and a minimum value of -10.4. Average mean
value of 8" Cearb data of sections is -2.5 und range of
mean values of different sections between -1.6 and -4.5.
Likewise, 60, values of samples also vary widely
between 74 and -10.9 with most values ranging
between U and -3; values less than -7 are considered
unacceptably altered.

L]

A variable covariation between 8"C_, and "0,
are recorded in section to section from the Bilara
succession. Whereas some sections record  strong

correlation (R values up to 0.91; Man Singh 0.88,
Bilara 0.91, CRP 0,71, Harash 0.78, 'I.'u_-::klian 1 0L73),
some record moderate correlation (R values around
0.5; Ashop 0.59, Bari Bawari 0.45) and others record
weak to very weak correlation (R as low as 0.0008; JP
0.27, RSME 0.38, Tucklian II 0.26, Gopa 0.0008), A
cross-plot of data from all sections together shows g
correlation value (R) of 0.25, From observation of
similar character that is variable corrélation values
(strong to weak) in individual sections and moderate 1o
weak correlation from combining of all sections of
Wonoka Formation, south Australia and  Johnnie
Formation in southwestern USA, identified this 45 a
common and variable character ofthe SWE.

ANRF-DST Sponsored Project

Delineation of Subsurface Geological features
Presiction of Missing logs and conditioning of
Vintage sonic logs by machine learning perspective
{Bappe Mukherfes)

Accurate well log daty 15 critical for subsurface
characterisation and decision-making in the petroleum
exploration. We explore and compare the effectiveness
of three distinet deep leaning (DL) approaches namely
Long Short-Term Memory, Bidirectionsl Long Short-
Term Memory, and Convolutional Long Short-Term
Memory networks in predicting missing well log data.a
commen challenge in the data acquired by Energy and
Production (E&P) companies. An example of the
missing logs in different geological formation with
detailed depth interval is depicted in fioure 1050 Our
analysis revealed the complex, nonlinear relationships
present in geophysical logs through correlation matrix
and determining the rank of predictor features through
Minimum Redundancy Maximum Relevance (MRMER)
analysis. To weigh these models, we used real-field
wircline log datasets from the Bhogpara oil field of
Upper Assam basin. The performance of each model is
eviluated through root mean square error, correlation
coefficients, mean absolute error and variance between
actual and predicted values. The uncertanty of the
models was facilitated by Monte Carle simulation.
Deep learning models accurately predicted neutron
porosity logs from gamuma-ray, resistivity, density, and
photoelectric  factor logs. The high correlation
coctficients durning the training (exceeding 0.90) and
test (exceeding 0.97) phases illustrated the predictive
precision of the DL models. Cony-LSTM consistently
gutperforms LSTM and Bi-LSTM, mdicating the
integration of convolutional layers in feature extraction
offers a significant advantage in capturing intricate
patterns in log data, For example, the predicted neutron

CTS

el

=
(]
ot
[-"
4]
O
[ "
=
w3
L
al
[+
e
b
('
:.
L
.
9
on

97



Annual Report 2023-24

W,
B Girjan ~ Tipam [ Barasl 10 Kopili

2200 Prang (0 Marpidy B0 Lk + Th [l Langpar
2400
2000
RO
E to0a
§ 0
3400
el
1800 ! q;¢5' NJ}&
b
4000 ¢ . L
ol LR 4978 097 84, ued H,p-n \M
Lomginde 4 O 55,
2l Fig. 105: Assume that the neutron porosity log 15 missing at wells 6 and 7 and 13, from the depth interval 3081 m to 3468 m
E { Barail to Kopihi fomation), 35350 m 1o 3719 m {Komli to Prang formation), and 3775 mto 3861 m (Narpub to LE+Th
5 formation}, respectively. The absence of neutron porosity legs in the siudicd wells at distinet depth belongs 1o the
a mixed formations rther than single formation.
E ] y {0 ¥ fii} . i) v v ) ol
= oo} T i
o I
- J1s0
l-'lj 320K 1
&=
= §iua ' '
= . |
= 3300 |
%
: x50 |
£ |
m 1
i 400 |
3450 ; |
0 02 04 06 0 02 04 06 0 02 04 06 -00 0 G141 0 0100 0 1
WPHI (Vi V) RPHL V) NPHL (VI V) Erioe Errar Erue
{=——Actin] — Predicied Values Uneertuanty 0095 BN Uncerminty 0.9 * Uneeriainty 0.85 |

.ﬂ.l nz 3 4 ﬂ-_-'l- 1 (] 0 03 D4 0s I Bt f2 BI 04 OF
NPHICVI VY NPHELV VY NPHLIVIVY

Fig. 106: Overlay of actusl and predicted NPHI logs derived from DL models; und errors at the well-6: (1) LSTM (i), Bi-LSTM
(i), Cony-LSTM (iii). error in LSTM derived log (iv), error in Bi-LSTM derived log (v), errar in Conv-LSTM derived
log (vi), working depth interval partially belongs to Barail and Kopili formation(vit}, (b) Monte Carlo simulation for
thie DL models (1) LSTM, (i1) Bi-LSTM and (i) Conv-LSTM.

i et B e Bt i A e b e e B B

— .




s b bt b b | 0 0 00 1 0 0 A A DA e 1 a4 1330 ad 14

Annual Report 2023-24

porosity log (NPHI) at well 2 is depicted in figure 106.
The research showcases the effectveness of degp
learning architectures in predicting missing logs, a
crucial aspect for E&P companies, as log data is vital for
decision-making. The study presents a novel method for
preserving data antegrity and facilitating  informed
decision-making.

ANRF-DST Sponsored Project

Ore genesis, Fluid P-T Evelution and Physico-
chemical characterization of Rangpo (Sikkim,
India) base metal mineralization implication for the
Himalayan metallogenic model

fAetitva Klaria)

Fifteen days of fieldwork were undertaken in the
Rangpo area of Sikkim and in Gorubathan, West
Bengal, with the primary abjective of investigating the

ore deposits and their associated host rocks. During the
course of this work, representative ore and host rock
samples were systematically collected from both study
areas. Subseguent laboratory investigations focused in
detail on the Rangpo deposit, where ore petrography,
host rock petrography, and fluid inclusion studies were
carried out to establish the paragenesis and the
phvsicochemical conditions of mineralization.

Geothermometric and  geobarometric  analyses
provided valuable insights into the temperature and
pressure conditions of ore formation in the Rangpoarea.
FeS—ZnS peothermometry indicates that the
mineralization occurred at lemperatures ranging
between 376 °C and 422 °C (Fig. 107), Complementary
arsenic geothermomelry using arsenopyrite
compositions reveals a wider range of formation
temperatures, from 322 °C to 477 °C (Fig. 108).
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Sphalerite geobarometry further constrains the pressure
conditions, yviclding values between 5,19 and 7.06 kbar
(Fig. 109). Integration of these results sugpests that
mineralization in the Rangpo area took place onder
pressure—temperature conditions between 322 *C at
5.16 kbarand 477 *C at 7.06 kbar.

These findings mdicate that the Rangpo deposit
formed under medium- to high-temperature
hydrothermal conditions at mid-crustal depths. The
ecombined approach of petrography. fluid inclusion
studies, and geo-thermobarometry has provided robust
constraints on the pressure-temperature regime of
mineralization, offering new insights into the
metallogenic evolution of the Sikkim-Darjeeling
Himalaya,
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ANRF-DST Sponsored Project

Crustal and upper mantle deformation and stress
orientations through the shear wave splitting
method beneath the Siang Valley, NE Himalaya

{Veerenelri Kunar)

This ANRF project has the main objective to explore a
better understanding of the crustal and upper mantle
deformation through the different seismological
methods. We know that the Eastern Himalayan Syntaxis
(EHS) is characterised by significant seismic activity,
having produced the notable 1950 Assam earthquake
(Ms 8.7, later revised to Mw 8.4, Ambraseys & Douglas
2004), which is the largest recorded in the Himalaya.
This area is classified within zone V, mdicating the
highest level of vulnerability on India's seismic zoning
map (BIS 2002). The EHS represents a complex triple
junction where the Indian and Eurasian Plates converge
with the northem extremity of the Burmese Plate
{Curray 1989). Atthe eastern terminus of the Himalayan
orogeny, a critical tectonic transition occurs, shifting
from collisional dynamics to the north, which
contributes to the uplift of the Tibetan Plateau, while
also facilitating escape tectonics in Southeast Asia via
strike-slip faults (Holt 1991; Molnar 1990; Beaumont et
al, 2004; Misra 2009; Hazarika et al, 2013), The
principal thrust sheets of the Himalaya, mecluding the
Main Boundary Thrust (MBT) and the Main Central
Thrust (MCT), exhibit a pronounced bend as they
connect with the Indo-Burma Ranges (IBR).
Additionally, the Indus-Tsangpo Suture zone {ITSZ)
also demaonstrates a sharp deviation, locally referred to
as the Tidding-Tuting suture zone within the Eastern
Himalayan Syntaxis (EHS) (Figure. 1), The Siang
antiform and the Mishmi Hills encompass a significant
pertion of the EHS, with the Mishmi Hills region
emerging at the convergence of the Indian plate to the
wesl, the Eurasian plate to the east and north, and the
Burmese plate to the south, The Siang antiform, also
referred to as the Siang window, serves as the focal point
of the Syntaxis (Singh 1993: Acharyya 1998). The
northeastern region of India has experienced two
significant earthgquakes, both exceeding a magnitude of
8.0: the Shillong earthquake on June 12. 1897 (Ms 8.7;
Oldham [899) and the Assam earthquake on August 15,
1950 (Tillotson 1951: Ben-Menahem et al. 1974); In
addition to these major seismic events, the area has
recorded over 20 substantial earthquakes (M=7.0)
(Nandy 2001: Kaval 2008), The 1950 Assam
carthquake (Ms 8.7) stands as the largest instrumentally
documented event in the Himalaya, resulting in
extensive destruction across upper Assam, the Mishmi
Hills, and the Abor Hills {Podder 1950}, This
carthguake has been classified as a blind earthquake,

akin 1o the Gorkha earthquake of 2015, The 1950 event
wits attributed to right-lateral strike-slip faulting { Ben-
Menahem et al. 1974), while the 1897 Shillong
earthgquake (M 8.7) is situated within the Assam seismic
gap. as noted by Khattri & Wyss (19758). This region lies
between the Eastern Himalavo and the northem
segment.of the Burmese arc:

Consequently, it is crucial to enhance our
understanding and investigate the tectonic framework
concerning the seismicity pattemns and structural
variations for effective seismic hazard assessment
beneath the Siang window. Previous studies have
primarily focused on the source parameters of
earthquakes based on seismological data collected by
various institutions; however, limited research has been
conducted on the structural analvsis beneath this region
utilizing teleseismic data. Therefore, employing
modern seismological techniques, sueh as shear wave
splitting through 8/SKS/SKKS and Ps phase analysis,
alongside recorded seismological data from various
seismic stations in the Siang Valley, will facilitate an
investigation into the true nature of crustal and upper
mantle deformation patterns, as well as the direction of
Absolute Plate Motion (APM) beneath these seismic
stations. A comprehensive understanding of the seismic
structure and source parameters in this area will enable
precise seismic hazard assessments, thereby mitigating
risks and providing significant insights into the rupture
SOMIC,

ANRF-DST Sponsored Project

An Enhanced Landslide Risk Analysis and
Prediction Model for the Kumaon Himalyan Region,
India

fNaveen Chandra.and BT Perumal)

The project is currently in the initial stage. Compilation
of landslide conditioning factors has been initiated, and
thematic maps are under preparation. A field visit to the
Kumaeon Himalayan region is scheduled {for the
upcoming quarter. which will support data validation
and ground-truthing.

ANRF-DST Sponsored Project

Decoding the Geodyanamic Evolution of Ladakh
Batholith Dykes, North West Himalaya: Constraints
from the Mineral Chemistry, Trace elements ratios,
and Isotope Geochemistry

fHrideva Chaithan)

Ladakh Himalaya 15 divided into four tectono-
stratigraphic zones from north 1o south, i.e., Karakoram
Zone, Shyok Suture Fone (S5Z), Indus Suture Zone
(ISZ), Zanskar Zome (Searle ¢t al., 1987). The Ladakh
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Barholith (LB} 15 a NW-SE trending longiudinal helt
traceable throughout the 152 and comprises diorite-
granodiorite-granite rock assemblages. Although a
significant amount of work has been carried out on the
LB granitoids, however dykes intruding the LB have not
been explored in details till date. The proposed project
work will invalve thoreugh studies on the dvkes, mafic
enclaves and associated host rocks which will include
extensive field investigations, detailed petrography,
geochemical analysis, mineral chemical analysis and
radiogenic isotope analysis. Understanding the
processes and relationships of formation of dvkes with
respect to the genesis of enclaves and associated host
rocks, remaing a major challenge of igneous petrology.
In general, various discrepancies have been observed as
follows: a) No ultra-potassic dykes have been found as
reported by earlier worker b) Isotopic, structural and
petrographic evidences suggest major differences in the
formation and subsequent eéxhumation and
retrogression histories in the LB, ¢) The dykes are

geochemically diverse and exhibit various degrees of
differentiation probably indicating  heterogeneous
sources, varying depths of generation, varying degrees
of partial mehing, fractionation of various mineral
phases and possible role of crustal contamination and
assimilation fractional erystallization. The results from
this project will help in understanding the better picture
of origin of dvkes intruding the L.B. As the formation of
the LB is extremely important to understand and to
construct  the geodynamic model of the Ladakh
Himaluya. Thus, gathering additional information from
the dyvlkes, mafic enclaves. and the associated host rocks
will provide new insights into the present understanding
of evolution of the Ladakh Himalaya as a whole. This
will also throw light in better understanding of the range
ol geological records, history of collision of continents
and disappearance of ocean basins as Ladakh is
considered as a valuable geoheritage site of the world.
Furthermaore, such volcanic rocks have huge potential
for Li, U, Thand rare earth mineral exploration.
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512040-024-02379-2

Tiwari, A., Sain, K., Tiwari, J., Kumar, A., Kumar,
N., Paul, A, & Shukla, V. 2024: Seismic and radon
signatures: A multiparametric approach to monitor
surface dynamics of a hazardous 2021 rock-ice
avalanche, Chamoli Himalaya, Earth Surface
Processes and Landforms, 49( 1 0), 2965-2979,

Tiwari, 5.K., Yadav, 1.5.. Sain, K., Rai, 5K
Kharya, A, Kumar, V. & Sethy, P.C. 2024: Water
quality assessment of Upper Ganga and Yamuna
river systems during COVID-12 pandemic-
induced lockdown: imprints of river rejuvenation.
Geochemical Transactions, 25(8), 1-22,

Vandana & Kumar, N. 2025 Assimilation of
sgismic attenuation model of NW Himalaya and
its surrounding region. (Geosystems and
Geoenvironment, 4:100378, 1-14.
https:/idoiorg/ 10101 6/).geogen. 2025, 100374

Yadav, 1., Parkash, R., Khyalia, B., Chauhan, R.P%,
Singh, PP, Singh, P, & Dalal, R. 2024
Investigation of radon and thoron exhalation rates
in soils: Manali-Leh Highway region of
Himalayas. Journal of Envirenmental
Radioactivity. 280, 107552, https://doi.org/
1010164 jenvrad, 2024, 107552

Yadav, 1.5, Tiwari, 5.K,, Bhambri, R., Sain, K.,
Patidar, P. & Baiswar, A. 2024: Inter-
Intraseasonality of Meteorological Drivers of
Chorabari Glacier, Central Himalava: Implications
for Mass Fluctuations and Associated Hazards,
Journal of Hydrometeorology, 2010, 1541-1560.
hitps://doi.org/ 101175/ JHM-D-22-0231 .1

Non SCI/ Book Chapier

I. Choudhury. S.. Bose. Shubham, Singh, Riya
2024 Silkyara —The Background and Layout of
the Land: Observation of the Geology, pp. 17-24.
In: Pant, Durgesh (ed), The Triumph of Silkyara: A
Saga of Resilience and Leadership. Book World,
Dehradun, 150p.

2, Mehta, M, 2025; Existing and Potential Changes
in Himalayan Glaciers: In Climate Change
Perspective, pp. 149-172. In: Rastogi, B.K.
Kothyari, G.C., Luirei, K. (eds), Natural Hazards
and Risk Mitigation: Natural Hazards in

112

113

114,

115,

116,

117

Himalayan and Risk Mitigation. Sprinper
Transactions in Civil and Environmental
Engineering.

3. Pandey, A & Jayangondaperumal, R. 2024: Great
Earthquakes of the Central Seismic Gap Through
Paleoseismological Perspective, pp. 245-260, 1n:
Rastogi, B.K., Kothyari, G.C., Lurei, K. (eds),
Matural Hazards and Risk Mitigation: Natural
Hazards in Himalayan and Risk Mitigation,
springer Transactions in Civil and Environmental
Engineening.

4, Pandey, M, & Bisht, P. 2024: Stream Channel
Dynamics over Alluvial Fan Systems: An
Overview, 30p. In: Pandey. P.C., Srivastava, PK.
& Srivastava, S.K. (eds), Aquatic Ecosystems
Monitoring: Conventional Assessment to
Advanced Remote Sensing. CRC Press, 340p.
https://doi.org/10.1201/978 1003354000

5. Singh, V.B,, Madhav, S., Gupta, R.K., Diwan, P. &
Kumar, A. (Eds). 2025: Water Resources
Management in Mountain Regions. John Wiley &
Sons, 410p. DOL10.1002/978 1394249619

Excursion Guide

1. Jayangondaperumal, R. & Mishra, R.L. 2024
Excursion Guide to the Jammu Sub-Himalayan
Belt, India. 8" NGRM, SMVDU, 22 to 25-11-
20124, Katra, 34p, Wadia Institute of Himalavan
Geology Special Publications, Special
Publication Mo, 6 (ISSN No, 718966).

Technical Report

1. Javangondaperumal, R. & Mehta M. 2024
Interim Report on the geological investigation for
the construction of via duct on the bypass road
project at Marwari, Joshimath. Submitted 1o KCC
Buildeon Pvt. Lid.

2. Mukherjee, B.K. 2024. 1" Report on the Pernote
land sinking in Ramban, Jammu & Kashmir for
the National Green Tribunal (NGT).

3. Mukherjee, B.K, 2024. Report on the Hill
extinction assessment in the Banda Granite
Mining area. UP, for the National Green Tribunal
{(NGT).

4, Sckar. K.C., Padalia, H., Sen, S, Kumar, A.,
Mondal, K., Kaistha, M.L., Singh., 5, & Gupta, V.
2024, Joint Committee report in the matter of
original application No, 720/2023 article
published in Current Science, dated 25.10.2023
entitled “Need to declare the Higher Himalava an
cco-sensitive zone” submitted before Hon'ble
National Green Tribunal (Principal Bench),
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SEMINAR/SYMPOSIA/WORKSHOP/IMMERSION PROGRAMME

Himualava Diwas

Himalaya Diwas was celebrated by Wadia Institute of
Himalayan Geology (WIHG), Dehradun on 9"
September 2024, with the over-arching theme as
“Climate Change, Natural Disasters, and Eco-system of
Himalaya™. The one-day workshop mainly focused on
(1) Ecology and Natural Resources (i) Glaciers and its
Hazards (ii1) Landslide Mitigation and (1v) Earthquake-
resilient Structure. Delegates include  Uttarakhand,
Himachal and across India with experts from different
research diseiplines, Ower 200 participants from
differenmt researchiacademic mstitutes, state disaster
management departments, universities/colleges of
Dehradun, army personals, engineers, research scholars
and students,

Recommendation by the panel discussion

Three plenary sessions covered by experts from across
India expressed and demonstrated the status of the
Himalaya highlighting natural disasters resulting from
climate changes and anthropogenic activities, After
plenary sessions covermyg disaster scenario 1n the
Himachal Himalava, Uttarakhand Himalaya and on the
status of work carricd out done by WIHG, Dehradun, a
panel discussion was held at the eod of the day with the
theme “Natural Disasters in Himalaya: Challenges and
Measures™,

The panelists included Dr, V.C. Thakur, Dr, N.S,
Virds, Pr. B. R. Arora, Dr. Harish Bahuguna, Prof. Rajiv
Sinha, Prof. AK. Mahajan, Dr. Shantanu Sarkar, Dr.
B.J. Perumal, Dr. Naresh Kumar and Dr, Rakesh
Bhamdri. The panelist invited comments from Dr
Rakesh Bhamn {(Scientist, WIHG), Shri Shiv K. Rai
(Geologist, PWD), Shri D.D. Jat (Town Planning &
Housing), Dr. Ch. Debojit. Singh (DDG, GSI), Dr.
Naresh Kumar (Scientist, WIHG), and Dr. Alok Pandey
{Central University Himachal Pradesh),

Prof. Rajiv Sinha, Indian Institute of Technology
Kanpurbriefed the day's talks and commented that huge
data sets exist related to disasters and mitigation,
However, he emphasized that the fundamental problem
to be addressed is how to assimilate these datasets. He
also said that we need to align different departments for
implementation of plans. Dr. Rakesh Bhamri pointed
out that there is no proper integration between scientific
and government apencies and institutes are mostly
working in isolation, This i3 the root cause which is
required (o be solved before attempting (o mitigate the
hazards.

Dr. Shantanu Sarkar (Director, ULMMC) sad thiat
good awareness program in localities of disaster is
essential. He also said that in places of large scale
mitigation, installation of mstruments to monitor in
future to be installed. Dr, Ch. Debojit Singh (DDG, GSI
Dehradun) said that the sufficient work is already done
and we should not forget the main motto “Maintaining
the Ecosystem™ He also said that involving the
administrators in scientific forums is most important,
Prof A.K. Mahajan (CUHP). highlighted how the
Himachal Pradesh state Gowvit. has implemented
recommendations by Geoscientists. He emphasized on
the site microzonation for reducing the seismic hazard.
He also highlighted the work being done for the
safepuard due to landslides. Dr, Naresh Kumar
{Scientist, WIHG) emphasized on implementation of
earthquake resistant structures and also disaster related
awareness among common the local communities.

Dr. V.C. Thakur (former Director. WIHG)
appreciated Dr. 8.8, Randhawa (SDMA, Himachal
Pradesh) for very specific region-wise data
presentations. He alse recommended  vulnerability
checking before approval for construction in any
locality and emphasized on the need to do mult-
parametric studies on landslides, Dr. Harish Bahuguna
(DDG, GSI) stressed on the Bhuskhalan  portal
developed by GSI that evervone needs to utilize the data
and the reports to the maximum and give critical
feedback to GSI. Dr. Alok Pandey (Central University
Himachal Pradesh) emphnsized that introduction of the
subject Geology in schools & colleges should be strictly
implemented. Dr. NS, Virdi (Former Director, WIHG)
emphasized that the govt. takes time but definitely rises
to the need of the hour, like after the 1991 Uttarkashi
Earthquake. the beam structures of houses were
implemented as norms.,

Summarizing the deliberation on the Himalayvan
Diwas, Prol B.R, Arora applauded the spectrum of
presentations justifying the importance of the identified
theme “Climate Change, Natural Disasters, and the
Eco-system of Himalaya™. Each presentation while
highlighting the current-status of studies on landslides,
glacier health, mud-impounding, earthquake hazard, ete
deliberated upon the knowledge gaps. From the wide-
ranging proceedings, a few kev recommendations to
bring better coordination and linkage between scientists
and management authorities are;

i) Number of presentutions tracking the mechanisms,
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severity and consequences of natural disasters
resulting from elimate changes emphasized upon
the multi-parametric approach in collaborative

mode. State Disaster Management Authority of

Himachal Pradesh has already drawn and i
implementing well-coordinated region-specific
monitoring, allowing demarcation of most

vulnerable locations for landslides, Taking stock of

landslides over the 19 states of Himalaya,
Geological Survey of India (GS1) has developed a
Landslides Early Warming System, an excellent tool
to forecast landslide oceurrence on regional scale.
There were several [rontline presentations refated
to landslide risk reduction, glaciers retreat, water-
discharge, need for earthquake resistant structures
ete, Recognizing the importance of these scientific

......  Flme

{}mup |‘rh-i!lil.Jj._:nl|“.'h of participants of the Himalaya Diwas
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advances, it is recommended that WIHG may
consider publication of a special volume of the
Himalayan Geology so as unified approach can be
adopted by monitering agencies and the outcome
can be shared with state disaster management
authorizes for drawing mitigation strategies.

i} Anether major break-through of the proceedings
wias the great enthusiasm shown by the Himachal
and Uttarakhand State Disaster Management
Authorities to implement the risk reduction
measures of natural hazards at root levels in the
vulnerable zones. This lead is highly promising as
several science institutions as time and again, the
need to bridge the gap between institutions dealing
modalities of natural hazard reduction and state and
disasters authorities responsible for ground level
implementation. To achieve these targets of great
social importance. it is proposed to constitute high
level working committees of including from both
groups with well-defined roles ol each group.

i) Consistent with the hypothesis of the global
warming, glaciers in central and northeast
Himalaya show retreating trend. Partial increase of
glaciers in the Karakoram (NW Himalaya) can be
reconciled as they are nourished by the mid-latitude
westerlies and hence represent winter-
gecumulation-summer ablation-summer. In
contrast elsewhere in the Himalaya, glaciers are fed
by southwest Monsoon and thus represent summer
accumulation and summer ablations glaciers. This
15 in contrast to the glaciers elsewhere in the
Himalaya are fed by SW Monsoon, which are
suminer accumulation summer ablations Similarly,
inter- and intra-basin spatial varation can be
explained in terms of the orientation, width, debrs
cover as well as ratio of the aceumulation/ablation
volume with respect to the snow line. Despite these
advances, it remains to be established what
fractions of water discharge in major rivers
originating from the Himalava is contributed by
melt water from massive glaciers. It is proposed
water discharge at several points along the extended
track of rivers, right from the snout. be measured to
quantify the relative contributions from the mell
water and rain fall respectively, Such monitoring
would benefit from collaborations from muli-
institutions.. To start, WIHG and National Institute
of Hydrology should sign an agrcement of
collaboration.

iv) It was heartening to know that with continuous
upgradation seismic network, there is great
understanding of the spatial depth distributions of
earthquakes. Integration with parallel programs of
imaging the crustal structures has given new insight
on the seismogenesis and well as nucleation of large
earthquakes on the top of the down-going Indian
plate and small earthquake on the ramp of this
detachment. While the well planned multi-
parametric monitoring is in progress. the prediction
of the earthquakes 1s distant goal. Given the
tmproved understunding of the pliysical parameters
affecting the measured multi-parameters, the
isolations of the week earthquake precursors
reguire continuation of monitoring, To overcome
the limitations in predictions, microdonations
studies giving the estimate of peak ground
accelerations at any given sight and several other
physical parameters, helpful to construct
earthquake resistant infra-structures are in place,
Here, the disaster management has a major role to
ensure permission for any new constructions be
given after ensuring that the safe-guards 1ssued by
earthquake engineers are implements at design
level itself. Parallel attempts on public awarcness
on what to do and what not to do during the
occeurrence of sarthquakes should be encouraged,
particularly 10 students in schools, by organizing
popular lectures on the 'Science Day' or the
anmiversary of past earthquake in the region.

In the end, Prof. Arora reiterated the success of such
programs where college/university students participate,
shiould be judged that every student return home with
sound message on how to cope with natural disasters.

Industry Immersion Programme

Under the Capacity Building Commission of the
Government of India, an Industry Immersion
Programme was conducted at Wadia Institute of
Himalayan Geology, Dehradun, from September 17-1K,
2024, to provide exposure to WIHG schemes, workings,
and laboratories to officers of the Department of
Science & Technology (DST). The objectives were (4)
to provide exposure to how the WIHG operate for
providing cutting-edge research & development,
challenges, and how the institute is adapting to evolving
trends in the mdustry; (b) to broaden DST officers’
perspectives about on ground issues, and (¢} to enable
DST officers to better understand and appreciate the
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Inoapdral ceremony and Moments of Industry Imniersion Programme

impact and implications of government's policics,
programines and schemes,

The programme was focused on deliberations
through in-house talks and display of posters covering
the sub-themes of Glacial Hazards and Plausible
Remedial Measures, Landslide Management for
Sustainable Development. Earthquake Indicators and
Warning, Fluyial Extremes and Risk-Management,
{(Green Energy for Climate Change Mitigation, AIML
tor Geo-resource Exploration and Mountain Building
Processes

Shri Vinod Kumar Sharma, Coordinator and
scientists of the DST, Dr. Karthik Dandhapani, Sh.
Kunal Sharma, Sh. Udit Raj Singh, Sh. Ankur Mehta,
Ms. Maloth Priva participated in the Program. Apart
from academia, eminent persons from Industries, Dr.
Sumit Dabral, Senior Manager (Geology), NHPC Lud.,
Sh, Yogesh Sharma Ji M.D. Almora Magnesite Lid. Sh.
P. K. Bhatt Senior Manager { R&D) & Sh. Bubai Ghosh,
Tehri Hydro Development Corporation Lid, attended
the event. In total, 11 talks were deliversd by the
seientists of the WIHG on the above-said themes, and
three talks were delivered by respective industrial
personals. The discussions were held to bring together
the industry and academia on a common platform to
work for the Viksit Bharat-2047. Dr. Vikas Adlakha
coordinated the Programme from WIHG.

The 8" National Geo-Research Scholar's Meet
(NGRSM)-2024

The %" National Geo-Research Scholar's Meet was
conducted by WIHG at Shree Mata Vaishno Devi
University (SMVDU) in Katra, Jammu & Kashmir,

from November 22-25, 2024, The cvent commenced
with an inmoguranon ceremony  followed by four
technical sessions featuring nine eminent speakers from
the geoscientific community across the countrv. who
shared their isights to educate and inspire young
rescarchers. In addition to the sessions, the eonference
included two days of geological fieldwork in and arouncd
MNodda Khad near Jvotipuram, Reasl, and the Reasi &
Akhnoor transect. The field excursion was arranped to
provide participants with first-hand experiences of the
region's fascinating geological formations and
landscapes. This two-day field trip aimed to foster
insightful discussions, inspire innovative research, and
strengthen collaborative networks among the attendecs,

A totul of 60 research scholars from Pan India
participated in the program. showcasing their work
through poster and oral presentations, The Chief Guest,
Honorable Prof, S, K. Tandon, known for his work on
river systems, and Quaternary geology, 15 a recipient of
the Shanti Swarup Bhatnagar Prize and a former
Chairman of the Governing Body of the Wadia Institute
of Himalayan Geology (WIHG) He was joined by
distinguished guests at the inaugural ceremony.
including Prof. Talat Ahmed (Chairman of the
Governing Body, WIHG). Prof. M. G. Thakkar
( Director-Incharge, WIHG, Director-BSIP), Prof, {(Dr)
Pragati Kumar (Vice-Chancellor, SMVDU), Prof.
MNaveen Juyal, Prof. R. Jayangonda Perumal, and Dr.
Gopi Krishng (DST), all of whom emphasized the
significance of geoscientific studies in understanding
the Himalaya and surrounding regions.

Cn Day |, during the various fechnical sessions,
Prof, Talat Ahmed underseorcd the importance of the
geodynamics of the Himalaya and the associated
mountain-building processes. Prof. R. Javangonda
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Perumal delivered a detailed presentation on "Jammu
Sub-Himalaya: Geology and Tectonics," which
explored the structural framework, stratigraphic
evelotion. and tectonic processes of the region. He
discussed the lithological characteristios, deformation
patterns, and active fault systems, highlighting their
implications for the Himalayan orogenic processes. His
presentation also covered the role of foreland basin
development, neotectonie activity, and seismicity in
understanding the geodynamic evolution of the Jammu
Sub-Himalaya. Prof. S5.K. Tandon's insightful
presentation  focused on the Himalaya foreland,
emphasizing its peological evolution, stratgraphic
[ramework, and tectonic significance. He provided an
owverview of the foreland basin system, integrating field
observations, sedimentological data. and structural
analvses. Prof. M.G. Thakkar presented on
"Introduction 1o Paleoscismology,” discussing  its
fundamental principles, analytical methodologies, and
key applications in reconstructing pasi seismic events,
particularly in relation 1o long-term earthquake
recurrence and active tectonic processes. Prof. Naveen

Juyal delivered a lecture titled "A Brief Overview of

Insights Derived from Fluvial, Lacustrine. and Glacial
Deposits during My Research on the Indian

Quaternary,” emphasizing the significance of

geomorphic, sedimentological, and chronological data
from wvarieus depositional epvironments in
reconstructing past climatic variability and tectonic
processes across the Indian Quaternary.

Dr, Gopi Krshna (DST) spoke on "R&D
Landscape: Opportunities and Challenges — Science,
Technology, and Innovation through Experiential
Learning and Technology Transfer," providing a
comprehensive assessment of the current research and
development ecosystem while highlighting the

importance of interdisciplinary collaboration and
innovation-driven approaches. Dr. Prahlad Ram
discussed "Funding Opportunities and Project
Manazement” under the aegis of ANRF, New Delhi,
detailing various research funding schemes and
strategies for effective project management to enhance
the impact of scientific research, Dr. Sameer Tiwari and
Dr. Pankaj Chauhan, conveners of the 8" NGRSM.
addressed the participants by highlighting  neecnt
advancements in geothermal energy exploration and
emphusizing the emerging role of artificial intelligence
in glaciological rescarch.

A mid-conference geological field excursion was
conducted around Nodda Khad near Jyotipuram, of
Reasi regions of Jammu Sub-Himalaya led by Prof. R.
Jayangonda Perumal, Prof. Naveen Juyal, Prof. M. G.
Thakkar, and Dr. R L. Mishra. The Reasi area is part of
the Outer Himalaya (Sub-Himalaya) and is
characterized by rich geological diversity. The
fieldwork focused on examining the stratigraphy,
structural features, and geomorphic expressions of the
active faults of the region, providing participants with
firsthand insights into the tectono-sedimentary
evolution of the Reasi regions of Jammu Sub-Himalaya.
This exercise served as a practical platform for
mtegrating stratigraphic, structural, and geomorphic
perspectives, enhancing the scientific understanding of
the dynamics of the Himalayan foreland basin and
active tectonics in the Reasi region. Mr. Pankaj Kumar
Verma, Registrar of the Wadia Institute of Himalayan
Geology (WIHG), efficiently coordinated and oversaw
all logistical arrangements and institutional support,
which played a pivotal role n ensuring the smooth
execution and overall success ofthe event,

————
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AWARDS AND HONOURS

Dr. Som Dutt received the Dr. J.G. Negi Young
Scientist Award 2024 at LG,

Dr. Pankaj Chauhan jointly awarded (Coalition for
Disaster Resthient Infrastructure ) CDRI Fellowship
for the year 2024-25, funded by national
governments, UN agencies,

Dr. Kapesa Lokho was awarded the best
presentation at the International Conference on
applicd Research i Education (2025) during
January 9-10, 2025 in Nay Pyi Taw, Myanmar.

Dr. N, Premijit Singh received best poster awiard in
the 29" Indian Colloguium on Micropalacontology
and Stratigraphy held on October 17-19, 2024 at
Delhi University.

Dr. Sameer Tiwari was selected as a LEAD Fellow
for 2024 by INSA, New Delhi.

Dis, Kalachand Sain and others was awarded with
the Best Research Paper Award for the year 2023 by
WIHG, in recognition of outstanding scholarly
contribution and excellence in scientific research,

VISITS ABROAD

Drs. Pinkey Bisht and Hiredya Chauhan visited the
36" Himalaya-Karakorum-Tibet workshop at the
AGH University of Krakow, Poland (17-24 June
2024).

Dr. Pankaj Chauhan visited the Singapore from 28
to 30 August 2024 o attend the International
Conference on Resilience Systems (ICRS-2024),
held at the National University of Singapore.

Dr. Kapesa Lokho atiended the Imternational
Conference on applied Research in Education
(2025) during January 9-10, 2025 in Nay Py Taw,
Myanmar.

Dr. Pankaj Chauhan atiended a meeting in Taiwan
during Oclober 2-4. 2024 on collaboration among
India. Japan, and Taiwan regarding an advancement
on the Early Warning System,

AWARDS AND HONOURS /VISITS ABROAD
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PH.D. THESES
SL | Name of Supervisor Title of the Theses University Awarded/
No.| Student Submitted
I | Sanjay K. Dr. Margsh Kumir Barth stricture from free oscillations and | TIT {(ISM) Mwarded
Vermmi Prof. Sanjit K. Pal seismic tomography: Spatial-Temporal Dhanbad April, 2024
Prof. FN.S. Roy anomilies of seismic wave speeds
2. | Ablnshek Dr. R K. Sehgal Reconstruction of biostratigraphy and CSIR-AcSIR. Awarded
Pratap Singh | Dr. M. Premijit S8ingh | palacoccology of the Siwalk succession | WIHG, Pehradun Angust,
exposed around Murpur { District Kangra, 2024
Himachal Pradesh) and Dunera { District
Pathankot, Punjab). India
3 | Shardha Di. B, Pattern of Strain release and active Kumaun Univ, Apvirded
Japtap Joyangondaperumal | teclonics of Surin Mastgarh Anticline Miinital August,
Dr. ALK Sharma (SMA) NW Sub Himalaya, Jammu & 2024
Kashmir: Implications for Seismic Hazard
4 | Vikas Kumar | Dr. Aditva Kharyva P-T Fluid Evalution of The Karakorum CSIR-AcSIR, WIHG,| Awarded
Dr. HK. Sachan Migmatite, Trans Himalaya, India Dehradeun August,
2024
5 | Sunnt Dr. Anil Kumar sedimentological and Geomorphological | CSIR-AcSIR, WIHG) Awarded
evolution of Pangong Tso, Ladakh vis a Dehradun Aagust,
vis climatic variability 2024
6 | Dipanwita Dr. Somdutt Halocene climate varfability in the Indian | CSIE-AcSIR, WIHG)| Awarded
Sengupta sub-continent: releconnections and Dehradun Mow., 2024
SOCIN-ECONOMIC CONSeqUEnces
7 | Alosree Dey | Dr. Koushik Sen Evaluating metamorphism and strain CSIR-AcSIR, WIHG| Awarded
regime during continental subduction and | Dehradeun May, 2024
exhumation of the Tso Morari Crystulling
Complex, NW Himualaya
§ | Madhab Dr. Kalachand Sain | A Seismic study of the Surin-Mastgarh CSIR-AcSIR, WIHG, Awarded
Biswas Anticline, NW Himalaya: Implications on | Dehradeun May, 2024
Geo-teetonics and Geo-resources
& | Chandng Pr ALK Samal Metamorphic Evolution and Partial BHU, Varanasi Awardad
Chaurasia Dr. 5.5, Thakur Melting Mechanism of the Higher Dy, 2024
Himalayan Crystalline Sequence (HHCS),
Alaknanda-Dhanliganga Valley, CGarhwal
Himulaya
10 | Kunal Pr. Vikas Tectonic and Exhumation History of the BHLI, Varunasi Awvanded
Mukherjze Dr. Sayandeep Easternmiast Arunachal Himalaya, Maurch,
Banerjee NE India 20125
11 | Ashis Pal Dr. Dilip K. Yaclav Earthquake Sourge Characterisation and HNB Garliwal Submitted

Prof, H.C. Nainwal

Stress Regime Investigntion in North-East
India with Special conphasis on Siang
Valley, Arunachal Pradesh, [ndia

University, Srinagar

Feb,, 20258
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5l | Name of Supervisor Title of the Theses Liniversity Awarded/
No.| Student Submitted
12| Pankaj Kumar| De Manish Mchta Dyramics of glacier chinges and impacts | HNB Garhwal Submitted

of regional ¢limate viriability in the Suru
River valley, Ladakh Himalaya, Indin

Liniversity, Sringgar

Feb., 2025

13 | Vivek G. Babu| Dr. Naresh Kumar Quantification of seismic regimes of the IIT {ISM), Dhanbad | Submitted
Prof. Sanjit K. Pal Northwest Himalaya: Seismic hazard Jan., 2025
Dy Dilip K Yaday implication and characterization of
edarthquake source parameters
14 | Necharika Dr. Devagt Hazarika | Crust And Upper Mantle Structure In [IT, Roorke Submitted
Shukla Prof. Saganka Mortheast India Feb., 2025

Mukhopadhyay
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PARTICIPATIONS IN SEMINAR/ SYMPOSIA/ MEETINGS/ TRAINING

"Prabodh and Praveen" Hindi training course
conducted by the Central Hindi Training Institute in
New Delhi, May 1, 2024, 10 July 4, 2024)

Participants: Rouf Ahmad Shah, N, Premjit Singh
and M, Rajanikanta Singh

National Geoscience Data Repository (NDGR)
GS1-Dehradun, for Geochemical Mapping of
Uttarakhand May 1. 2024, Pearl Avenue, Dehradun

Puarticipant: Barun Mukherjee

Regional variability of the Indian summer monsoon

in the last two millennia’ in the 2" Indian Quaternary
Congress held at HSER Mohali, June 2-4_ 2024

Participant: Som Durt

2" Indian Quaternary Congress (1QC) -2024 on
Ouaternary Sciences for & Sustainable Future Earth
(Q-SAFE) held at Indian Institute of Secience and
Education Rescarch (HHSER), Mohali, June 3-5. 2024

Participant: Anil Kumar

2" International Conference on Computer,
Electronics, Electrical Engineering and their
apphecations (IC2E3 2024), June 6-7, 2024

FParticipant: Naveen Chandra

36" Himalaya-Karakorum-Tibet workshop at the
ACGH University ot Krakow, Poland, June 17-24,2024
Participants: Talat Ahmed, Finkey Bisht and
Hiredva Chauhan

The Gangotri and Dharali Traditional and
Environmental Eventat Gangotri & Dharali in
Uttarakhand, India, June 19-21,2024

Participant: Chhavi Pant Pandey
The board of studies meeting of the Dept. of
Geology, Univ. of Ladakh at UoL, Leh, Ref:

Invitation email from the Dept. of Geology, Univ. of
Ladakh. July 4-5, 2024

Participant: R, Jayangondaperumal
Energizing missing log imputation with deep
learning: A case study from Bhogpara oil field,

Assam-Arakan basin, UrjaVarta 2024, Bharat
Mandapam, New Delhi, India, July 11-12,2024

Participant: Bappa Mukherjee

International conference on 57 Asia-Pacific Science
Technology Confercnce on  Disasters Risk
Reduction at Indian Institute of Roorkee, July 11-
13,2024

Participant; Pankaj Chahan

Online Interview/Viva voce for Public Service
Commission, July 19,2024

Participant: Kapesa Lokho

Online meeting of the Executive Council of the
Palaeontological Society of India. July 24 and
September 23, 2024

Participant: Kapesa Lokl

Three-days training program on Administrative
vigilance at INSA, New Delhi, July 31 to August 2,
2024

Purticipant: & Javangondaperimal

International Conference on Resilience System
(ICRS-2024), held at National University,
Singapore and paper presented on titled
“Development in Low Cost Powerless Smart Early
Warning System using loT rechnology. for disaster
risk reduction and resilience in the Himalayan
region”, August 28-30, 2024

Participant: Pankaj Chawhan

CITE-2024 Conference, [ISER Pune, September 1-
2,.2024

Participant: Sawrabh Singlal

One-day workshop on 157 Himalaya Diwas on
Climate Change, Matural Disasters and Eco-System
of Himalaya at the Wadia Institute of Himalayan
Geology, September 9, 2024

Participants: WIHG Scientists and Research

Neholars

Chaired a technical session in  “International
Conference an” Navigating global Energy
transition for sustainable futwre ICNETS 20247
organised by UPES, Dehradun, September 18-20,
2024,

Participant; Bappa Mukherjee
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Advisory Committee (PAC)-Earth & Atmospheric
Sciences (E&AS). DST at Department of
Environmental Sciences, Babasaheb Bhimrao
Ambedkar University, Lucknow, UP, October 6-8,
2024

Participani: Kapesa Lokho

29" Indian Colloguium on Micropaleontology and
Stratigraphy at Delhi Umiversity on the topic
'‘Orbital scale changes in the Indian summer
monsoon conditions’, October 1 7-19, 2024

Participamt: Senn Durt

International Day for Disaster Risk Reduction on
the theme of “Empoweting the Next Generation
for a Resilient Future on October 23, 2024 at new
Delhi

Participant: Naresh Kumar

National conference on 'Recent Advancements in
Earth Sciences' Geological Institute Conference
(GIC), 2024, Presidency University, Kolkata
{India), November 12,2024,

Participanr: Sublam Bose

DST-SEC meeting at Amrita Vishwa
Vidyapeetham, Coimbatore, November 13,2024

Participant: Kapesa Lokho

Three-days Indo Swiss workshop on “Modelling
Rock lce Avalanches, Rockfalls; and Debris
Flows” organised by CSIR-CBRI, November 20-
22,2024,

Puarticipant: Naveen Chandra

8" National Gep-Research Scholar Meet -2024,
held at Shm Mata Vaishno Devi University,
(SMVDLU), Katra Campus, Jammu and Kashmir,
MNovember22-25, 2024

Farticipants: Scientists and rexearch scholars of
WIHG

International seminar on Plate Tectonics,
Sedimentation and Metallogeny through time

Annual convention of Geological Society of India,
Dharwad, November 26-28, 2024

Pariicipani: Kunda Badhe

One-day Brainstorming Session was organized at
NIH, Roorkee and presented work on Glaciological
Studies in the Indian Himalayan Region (IHR) by
WIHG as per the suggestion made during the
second meeting of the Steering Committes
{Monitoring of Glaciers), November 28, 2024

Participant; Manish Mehta

19" Uttarakhand State Science and Technology
Conference held at Doon University, Dehradun:
November 28, 2024

Participant; Pinkey Bisht

3" Meeting of the Subject Expert Committee {SEC)
on Earth and Atmosphenc Sciences under WISE-
PhD Programme of DST is scheduled to be held at
INSA, New Delhi, November 28-29, 2024

Participant; R. favangondaperumal

Participated in the 10" India International Science
Festrval (11SF) held at HT-Guwnhati, November 30
to December 3.2024

Participants: R. Javangondaperumal, Praveen
Kumar, Pinkey Bisht, Amit Kumar, N. Premfit Singd,
Bappa Mukherfee and Mahesh Kapawar

IEEE 2624 India Geoscience and Remote Sensing
Sympesium (GARSS), Goa. India, December 2-5,
2024

FParticipant: Naveen Chandra

61" Annual Convention of Indian Geophysical
imion, held at Banaras Hindu University (BHU) in
Varanasi, December 3-5, 2024

Participants: Naresh Kumar, Som Dutt, C. Haldar
and Jitender Kumar

A training program on "Climate Risk Management
Policy sand Governance, Scicntists &
Technologists”™ working in the Government Sector
at LBSNAA, Mussoorie, December9-13. 2024,

Participants: Javendra Singh and Manish Mehta

40" Convention of the Indian Association of
Sedimentologists 2024 held at Birbal Sahani
Institute of Palaeosciences, Lucknow, on Transient
fluvial activities and topographic irregularities in
the Satlyy River valley, NW Himalaya, December
11-13,2024

Partivipani: Anil Kumar
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10" World Ayurveda Congress (WAC) was
organised by Ministry of Avush, Government of
India, Vijnana Bharati and the World Ayurveda
Foundation are the main organizers in support of the
Government of Uttarakhand at  Paradeground
Dehradun, Uttarakhand, December 12-15, 2024

Participants: Paramjeet Sineh and Sayralbl Singlal

Group Monitoring meeting of Programme DST
Training Program on “Policy for Science and
Science for Policies” at Bengaluru  National
Institute of Advanced Studies (NIAS). Bengaluru,
December 16-20, 2024

Puarticipunt: Kapesa Lokho

7" Regional Science and Technology Congress,
2024-25, Midnapore College (Autonomous),
Midnapore-721101, West Bengal, January, 3-4, 2025

Partivipant: Bappa Mutherjee

Five-days Drone Pilot license training at
Droneacharya training Inst., Noida, January 6-10, 2025

Participant: R. Javangondaperumal

A training on "Advanced Training on Glaciers and
Glacial Lakes Observations for Sustainable Water
Resource Management” at NIH Roorkee, February
24 to March 1, 2025,

Partivipant: Jairam Singh Yadav

Post budget webinar 2025 on “Investing in
Innovation™, organized by the department of
science & technology, Govt, of India, March 3,
2025

Participant: Pankai Chawhan

Mational Seminar on Dynamic Processes of the
Earth: From Deep Interior to Surface (DPE 2025),
UGC- Centre for Advanced Studies Department of
Geology, Presidency University, Kolkata, March
21-23,2025

Participants: Bappa Mukherjee and C. Haldar
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DISTINGUISHED LECTURES DELIVERED IN THE INSTITUTE

Sk No. | Date Speaker Event & Topic
1 April 23, 2024 | Prof. Talat Ahmad, Earth Day
GB Chairman, WIHG
2 May 20, 2024 | Prof, Harsh K. Gup1a, S.P. Nautiyal Memorial Lecture
Former Secretary, Dept. of Ocean
Development (MoLES), Govt. of India
3 June 13,2024 | Prof. 5.5. Ral, Seismic Anatomy of Deccan Traps:
ITSER Pune Voleanism and Earthquakes
- June 29, 2024 | Dr. O.P. Mishra, 56" Foundation Day
Seientist-G,
MoES, New Delhi
5 Aug, 23,2024 | Dr. R.S. Chatterjec, National Space Day
(iroup Director and Head & Scientist/ | "Space Exploration in India with Emphasis
Engmeer-Gi, IRS Dehradun on Earth Observation for Groundwater
Depletion and Land Subsidence Studies”
(0 Sept. 9, 2024 Prof. T.N. Singh, Himalava Diwas
Director, 1T, Patna "Climate Change., Natural Disasters and
Eco-system of Himalaya"
7 Sept. 17,2024 | Prof, L.5. Chamyal, Former HOD, Inyersion tectonic and geomorphic
Dept. of Geology, MSU. Baroda development in the Cambay and Kachchh
sedimentary basins during Oyuaternary
5 Ciet. 4, 2024 Prof. R.G.S. Sastry, ERI's limited role for groundwater
Adjunct Professor, School of Earth, exploration in hard rock region with
Atmospheric and Ocean Sciences, underground utilities and Micro-gravity's
IIT Bhubaneswar role - A Case Study
9 Oct. 23, 2024 Mr. Deepak Kumar, _ Founder's Day
Superintending Surveyor at Geodetic | "Introduction to Continuously Operated
and Research Branch, Survey of India | Reference Stations"
10 Nov. 12, 2024 Dr. R.P. Singh, 10" 1ISF 24-Curtain Raiser
Director, I1IRS. Dehradun "lourney of Space Research i India"
1 Feb. 28, 2025 | Ms, Nebula Bagchi, National Science Day
Executive Director, GEOPIC "The Himulaya: Perspective from India’s
National E & P Company”
12 March 100, 2025 Prof. Vinod Gaur, 5. P. Nautival Memorial Lecture
Former Secretary. Dept. of Ocean "5 Deep Questions about the Workings of
Development (MoES) Planet Earth, that may be learnt from its
Grandest Scale Laboratory - the Himalaya"
13 March 18, 2025]| Prof. Kusaly Rajendran, Special Lecture

Centre for Earth Sciences{Retired) and
Member of the Governing Body WIHG

"On being a geophysicist: A journey of
four decades"
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LECTURES DELIVERED/ INVITED TALKS BY INSTITUTE SCIENTISTS

Name of Institute | Programe Organizer/Venue/ | Date Topie! Title of lecture
Scientist Institute
Santosh K. Rai Hindi workshop organized by | May 31, 2025 e a3 A argEsea CO. 9 mEfhs

WIHG, Dehradun

e

Kapesa Lokho

il

3" Indran Analytical Congress
1AC-2024 a1 CSIR-I1P,
Pehradun

June 5-7, 224

Enhancing microfossil analysis through coated
and uncoated FE-SEM methods: Insights from
MNeo-Tethys of NI Himalayva

Panka Chauhan

Governmient Inter College
Canit. Chakrata,
District-Dehradun

June 6-7, 2024

scence, education, disasters dwareness and
climate resilience of Chakrata under the
VIKSIT BHARAT I"mgmmme

Pinkey Bisht

36" Himalaya-Karokorum-
Tibet warkshop, Krakdw,
Poland

June 17-24, 2024

Late Quaternary Glacial history of the
Panchachuli glacier, Darmia Valley, Central
Himalaya

Rajeeb Lochan
Mishra

For the requirement of Beam

Time Request (BTR) for project
proposal at The Inter University
Accelerntor Cenire, New Delhi

June 24, 2024

Quaternary lundform evolution. tectonics and
structural analyses seross four different
transects of the Indian Himalaya, extending
from the Beas to the Ganga Rivers in the
western Himalaya, and from the Tisla to the
Dikrong Rivers in the eastern Himaldya

Bappa Mukherjee

UrjaVarta-2024, Bharat
Mandapam, New Delhi

July 11-12, 2024

Missing log prediction in multiple stratigraphic
Uit

Parveen Kumar

FRI Deemed Univ., Debradun

Aug. 07, 2024

Matural Hazard and Disaster

Aug. 08, 2024

Earthguake Preparedness and Hazard Mitgation

Aug. 09, 2024

Earthquake forecasting management

Ang. 14,2024

Disaster types and their effects

Aug. 21, 2024

Characteristics of various Disasters

Aup. 27, 2024

Earthgquuke Mock Dnll Performance

Pankaj Chauhan

Mational University, Singapore

Ang: 11-13, 2024

Development in Low-cost Powerless Smart
Early Warming System using foT technology,
for disaster risk reduction and resilivnes in the
Himalayan region
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Swapnamita In the 17" edition of The Doon | Aug. 16-17. 2024 | Geology. Past and Present
Chouwdbhuory School Model United Nations
Conference, in the Science and
Mecha Series of Talks in The
Doon Scheol, RDehradun
R. WIHG, Dehradun Aug, 17, 2024 An Overview of WIHG is presented 1o the
Javangondaperuma experts of the DST members who haye visited

the Institute under the DST Inmimersion program

Maveen Chandra

Department of Civil
Engineering, 11T Indore

Aug 27,2024

Deep Leamning and Landslides: Data, Models,
and Significance

Saurabh Singhal

CITE-2024 Conference, ISER,
Pune

Sept. 1-2,2024

High spatial resolution measurement of in-situ
Hifnium isotope of zircon mineral using LA

MC-1CPME
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Hiredya Chauhan | Mational Centre for Earth Sepl. 2-4, 2024 Women in Géosciences: Opporlunities,
Science Studies (NCESS), Challenges and Accomplishments
Mimistry of Earth sciences.
Thiruvananthapuram

Rakesh Bhambri | Three-Week Capocity Building | Sept, 4, 2024 Surge Glaciers and Associated Hazards in the

Program m Glaciology
arganized by the University of
F.ashmir, Srinagar

Karakorim

Santosh K. Rai

DST lmumersion Programme
orgamized by WIHG, Dehradun

Sept. 17,2024

Weathering and Erosion in Ganga Brahmaputra
Fluvial System

Minish Mehta

DET Immersion Programme
organized by WIHG, Dehradun

Sepl. 17, 2024

Himalayan Glaciers

Devajit Huzarika

DST Immersion Programme
organized by WIHG, Dehradun

Sept. 17-18, 2024

Earthguakes in the Himalayw and Barthguake
Precursory Study

Anil Kumar

Industrin] lmmersion Program
held at WIHG

Sepl, 17-18, 2024

Climatic variability in Hiralaya

Rakesh Bhambri

MNational Seminar on Disaster
Risk Reduction in the
Himalaya: Recent
Advancements, organized by
Jawaharlal Nehru University,
Mew Dielhi

Sept. 20, 2024

Imipact of Climate Warming on Himalayan
Cilaciers and Associated Hozards

Kapesa Lokho

29" Indian Colloguium on
Micropaladontology and
Stratigraphy (ICMS) held at
Dept. of Geology, University
of Delhi

Oct, 17-19, 2024

Larger Foraminiferal Biostratigraply,
Palesenvironment and Paleogeography of the
Early Eocene Kong Formation of the Zanskar,
Tethyan Himalaya

Oct, 17-19.2(24

Biostratigraphy and Environmental changes
during the Middle Miocene: A nannofossil
approach from the Surma Group of Naga Hills

N. Premjit Singh

29" Indian Colloguium on
Micropalaeontology and
Stratigraphy (ICMS) held-at
Dept, of Geology, University
of Delhi

Orer. 17-19, 2024

Rodent fossils from the Siwaliks of Mohand,
Saharanpur district, and biosiratigraphic
mmplication

Som Dutt Arvabhalta Research Institute | Nov. 20 221, 2024 | & aiRes wiehm Tsnf 18 G-
of Observational Sciences. T[T HATE F WAy giRan SR aR
Nainital @ gfET
Swapnamita ISRO sponsared workshaop Moy, 25, 2024 Shallow and Deep seated landslides: Case
Choudhury program on Landslide, held Studics of two sites LIDAR technology in
between November 25-30, 2024 landslide management: the Joshimath
ut Department of Civil CXPCrIenee
Engineering, Graphic Era
{Deemed to be University,
Dehradun
N. Premiit Singh India International Science Nov. 30 - MNew Cenozoic Vertebrate Fossils from NW

Festival 2024 organized at 1T
Guwaluti

Dee. 4, 2024

Himaluya

Bappas Mukherjee

India Intemational Science
Festival in 2024 held at [IT
Guwahati

My, 30 -
Dac. 4, 2024

Application of AL ML in geosciences in the
Praeya Bharat Event
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Maresh Kumar

61" Annual convention of 1GL,
BHL. Varanasi, UP

Dee, 3-5, 2024

Gen-hazard investigation in Uttarakhand:
characterization based on local seismic signals

C. Haldar 617 Annual convention of IGU, | Dee. 3-5, 2024 Crust beneath the 1GP and Humalava
BHU, Varanasi, UP

Swapnamita Faculty Development Diec. 19,2024 Advancing Sustamable Development

Choudhury Programme (FOP) approved by Integrating Remote Sensing and GIS
ANCTE under the ATAL Basie Technologivs
FDIP organized ar Tula's
Iostitate, Dehradun

Kapesa Lokho Interhational Conference on Jan, 9-10, 2025 Geodynamic evolution of the Indo-Myanmiar
applied Research in Education Range from the Mésozoic fo the Cenozoic:
{2025) m May Pyi Taw, Myanmar inferences from the fossil records

Som Dhatt Department of Geophysics, Jam: 11, 2025 J.G. Meg Award lecture
Eurukshetra University

Rouf Ahmad Shah | Indian Forest Services (IFS) Jan, |1, 2023 Karst hydrosystems and their societal
Probationers at Shastradhara, importance
Dehradun

Swapnamila The Oasis School. Debradun Jan. 29, 2025 Raocks and Fossils

Choudhury

Santosh K. Ra

Online 2-Week Refresher
Course organised by the
LGC-HRDC at Dept. of
Environmental Studies. lamia
Millia Islania University
Mew Delhi

Feb. 09, 2025.

Environmentsl Geochemistry in Ganga
-Brahmaputra Fluvial System

VK. Gohalaut

Doon University, Dehradun

Feb. 22, 2025

Strain (Stress) map of the Indian subcontinent

Anil Kumar

WIHG. Dehradun

March 27, 2025

Student Orientation Program on
"Basivs of Instrumentation: XRD, XRF and
LPsA'

Rakesh Bhambn

Advanced Training of Trainers
{ToT) Program on "Glaciers
and Glacial Lakes Observations
for Sustainable Water Resouree
Management”, organized by the
Mational Institute of Hydrology,
Roorkee

Feb: 25,2025

Glacier Surface Velocity Estimation Lising
Optical Images

Rakesh Bhambri
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Mational Seminar on Natural
Hazards in the Anthropocene:
Mitigation, Resilicnce and
Sustainability, organized by
Kirorl Mal College, University
af Dafhi

Feb. 28, 20235

Monitoring of Himalayvan Glaciers and
Associated Hazards Using Ground and Space
(Ohservations

WIHG on the oceasion of
Mational Scicnee Day 2025 as a
FESOUTCE PETson

Saurabh Singhal Student Orientation Program at | Feb, 28, 2025 XRD. XRFE. Raman Spectroseopy, OSL,
WIHG on the oceasion of MCICPMS
National Scicnee Day 2025 as a
MESOUICE PErsen

Santosh K. Rai Student Orientation Program at | Feb. 28, 2025, Stable Isotope, ICPMS. lon Chromatograph,

Water Chemistry
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Reajesh 8.

WIHG, National Science Day
Celebrations 2025

Feb. 25, 2025

Lectire on the basics of Seismometer, GNSS
and Gravity instruments

C. Perumalsamy

loternationol Analytical Science

Congress - 2025, Department of]

Chemisiry, M.S, University,
Baroda, Vadodars (Gujarat)

March 06-08, 2025

Accurate snd precise determunation of rore
earth elements in the geological materials’ by
Inductively Coupled Plasma Tandem Mass
Specrometrometry

Pramod K. Rajak

1” Internationul Conlerénce on
Advances in Sciences

(ICAS 2023), Closter
University of fammu, Jammu,
TR

Muarch 19-20, 2025

Assezsment of environmentully sensitivee
elements in Jammu coal deposits, Jammu &
Kashmir, India

. Haldar

Mitional Seminar on Dynomic
Provesses of the Earth: From
Deep Interior to Surface
(DPE 2025) UGC-Centre for
Advanced Studies Department
of Geology, Presidency
University, Kolkata

March 21-22, 2025

Crust and upper mantle heneath North-West
Himalaya

VE. Gahalaut

WIHG, Dehrndun

March 25, 2025

Enrthquakes and their oceurrence processes in
the- Himalava

Munish Mehta

The Institute of Town Planners
of India {North Zone
conference) Shimla, H.P.

March 29, 2025

Fragile Ecosystern of Himolaya

Gautam Rawal

ITPI-MNorth Zone
Conference 2025

March 29, 2025

Impact of Development in Himalaya
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MEMBERSHIP OF ACADEMIC SOCIETIES

Kapesa Lokho Member: Executive Council Member of the Palacontological
Society of India (2024-2026)

Santosh K. Rai Member: Member of the Geochemical Society, (168259)
America
Som Dutt Member, Life Member of Assoctation of Quaternary
Researchers, India
Member: Life Member of Indian Geophysical Union
Anil Kumar Member: Life Member of Indian Geophysical Union
N. Premjit Singh Member: Life Member of the Journal of the Palacontological

Society of India

Kunda Badhe Member: Lite member of Geological society of India
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PUBLICATION AND DOCUMENTATION

The Publication & Documentation section brought out
the (1} 'Himalavan Geology' volumes 45(2) 2024 and
46(1) 2025; (ii) Annual Report of the Institute for the
year 2023-24 (bi-lingual); (i) Hindi magazine
'Ashmika' volume 30 (2024); and (iv) Field Excursion
Guide for NGRSM-2024 etc.

The section was also invelved in the dissemination
of the publications to individuals, institutions, lifetime
subscribers, book agencies. national libranes, indexing
agencies, under exchange program, and maintaining the
sale & accounts of publications. Apart from this, works
pertaining to the printing of publicity brochures and
folders (bi-lingual) etc., are also taken up.

Himalayan Geology (journal) website
http:/'www.himgeology.com is functioning along with
an onling manuscrnpt submission facility under this
section. Adl information regarding the journal including
contents and abstracts is updated from time to time on

the website. Online access of current published volume
to the online subscribers and life time members (those
whao have given the choice to obtain the volumes in soft
copy through online access/email) also has been
provided. At present, 185 life time subscribers receive
the journal through online access/email. The journal is
indexing in UGC CARE. Scopus. Web of Science
(SCIE), Thomson Reuters/Clarivate Analytics (US),
Elsevier (Netherlands), and Indian Citation Index
(India) regularly ete. The current impaet factor of the

journal is 1.1 (Source: Clarivate Analytics).

The section also provides the facility & technical
support services of A0 size scanning and printing to the
scientists, rescarch scholars. and other staff of the
Institute, During this period, more than 120 maps and
posters printed for display in laboratories,
workshop/seminars and exhibitions etc. and 113
maps/sheets scanned.
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LIBRARY

The Wadia Institute of Himalayan Geology library
holds an extensive collection of books, monographs,
periodicals, e-books. and other materials on mountain
construction, as well as geological and peophysical
features of the Himalaya. It occupies a distinet location
with its collection. In addition, the collection and
services available make it one of the country's most
excellent earth science libraries, Scientists, researchers,
project workers, and students use the Library entirely
when publishing their research findings in reputable
peer-reviewed publications, Our library also welcomes
specialists and professionals from around the country to
consult its themed and unusual collections. Key features
ares

Specialised Collection: The library houses an extensive
collection of books, journals, theses, and technical
reports related to geolegy. geophysics, seismology,
geomorphology, and related carth science disciplines.

E-Reseurces: Offers wecess to digital resources,
mcluding online journals, databases, and e-books
through institutional subscriptions and national
knowledge networks.

Archival Materials: Includes rare geological maps,
Himalayan resecarch archives, and reports from carly
geological expeditions.

O ne Nation One Subscription (ONOS): The library has
One Nation One Subscription (ONOS) plans to get
national licenses for e-journal/database subscriptions
from the most notable journal publishers. ONOS
includes 30 major international journal publishers.
These publishers will make all journals available to
scientists, students, and researchers at the collaborating
institutions.

The library has arich collection of e<books from various
publishers and leamed societies on the Institute's
research focus areas.

Acguisition of Documents: The library acquired
subscriptions to national and international journals and

magazines this year. There are 30 reference books
subscribed. Furthermore. 75 books have been acquired
for the Hindi collections.

National Knowledge Resonrce Consortium (NKRC):
The library i3 a member of the NKRC and continues 1o
receive assistance from Consortia for online access o e-
resources. In addittion, WIHG Library has access to
articles from Web of Science., Elsevier-Scopus.
Grammarly, MAPMyAccess, databases and i Thenticate
{Plagiarism Detection Software).

Reprography Facility: The library serves as a central
repository for the institute's demand. This facility 15
being extended to the scientific and administrative
sections of the institute. About 76121 photocopies have
been done this year,

Computer Facility: The library has a computer lab for
users to access e-books, e-journals, and other e-
resources, either subscribed to by the WIHG library or
available through NKRC or ONOS. This facility was
also extended to the students and summer trainees, The
lab is also being used to conduct several tests to recruit
the administrative and technical staff of the institute.

The WIHG library provides the following services
to support Scientific, Technical and Administrative
work:

s Circulation Service

= CASandsSDI

e Printingof Article

s Scanning of Document

o Plagiarism Check

o Reprographic Services

» Reference and Consultation Service

s  Electronic information resource access
s Document Delivery Services

* (D-ROM Database, etc.
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S.P.NAUTIYAL MUSEUM

The S.P, MNautival Museum continued to serve as a
vibrant centre for geoscience education and public
outreach throughout the year. With a recorded footfall of
over 15,000 visitors, the museum remained a major
attraction for students, educators, researchers, and
tourists from across the country and abroad.

Showeasing an extensive collection of rocks,
minerals, fossils, and thematic exhibits-covering topics
such as continental drift, Earth's internal strueiure,
geological time scales. glaciers, and the origin and
evolution of life-the museum offered an enriching and
immersive learning experience toall age groups.

Life-sized models of extinet mammals and
interactive displays were especially appreciated for
their educational value and visual appeal. Guided tours
conducted by experts facilitated deeper engagement,
helping visitors grasp complex geological concepts
with clarity. Local schoolchildren also contimued to
benefit from academic project supporl and hands-on
learning opportunities provided by the museum.

The regular dissemination of educational brochures
and outreach materials further strengthened the
museum’s role as a bridge between the Institute and the
broader public. By engaging with a diverse

audience—including school and university students,
professionals, and international guests-the S.P. Nautiyal
Museum continues to play a pivotal role in fostering
scientific curiosity and promoting awareness of
Himalayan geosciences,

Muajor hareach and Exhibition Activities: The 5.P,
Nautiyal Museum participated in several national-level
exhibitions and outreach programs. showcasing the
Institute's scientific work to a wider audience. These
efforts enhanced WIHG's visibility and promoted
geoscience awareness among students, academic
institutions, and the general public.

Stare Level Youth Festival, Parade Ground, Defiradun
(Nevember 1014, 20024}

The Institute showcased a wide ammay of geological
exhibits and educational materials at the State Level
Youth Festival in Dehradun, The museum's interactive
models and engaging visuals attracted hundreds of
yvoung visitors, sparking curiosity about Earth sciences.
The event served as an effective platform to inspire
students and introduce them to Himalayan geology inan
accessible and engaging manner.

India Internagtfional Science Festival (HSF), T
Craowealeadi, Assam (November 30—-December 3, 2024)

At the prestigious 1ISF 2024, the S.P. Nautiyal Museum
represented WIHG on a national platform, drawing
attention to the Institute’s research in Himalayan
tectonics, seismology, and paleoclimate studies, The
museum's thematic displays and mformative brochures
received strong appreciation from students, scientists,
and policy makers, significantly raising awareness
abput Himalayan geoscience challenges and
opportunities,

Visitof delegates and students m the Museum
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"Viksit Bharar-Viksit Uttarakhand' Mega Exhibition,
Nelru Stadizem, Roorkee (March 4-6, 2025)

This exhibition focused on India's developmental
Journey, where WIHG highlighted the critical role of
geosciences 1n sustainable development, disaster
preparedness. and environmental conservation. The
muscum’s participation drew interest from a wide
audience, including school groups, local officials, and
NGOs, helping to contextualize scientific research
within real-world applications in the region.

Vasant Ursav, Raj Bhavan, Dehradun (March 7-9,
200253)

During the annual Vasant Utsay held at the Governor's
residence, the museum curated an attractive exhibal that
blended science with cultural celebration;, The display
of rocks, fossils, and glacier models resonated with
families and dignitaries alike. The event provided an
opportunity to engage with the general public in &
relaxed setting, promoling geoscience appreciation
bevond traditional academic spaces.
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TECHNICAL SERVICES

Analytical Services

The number of samples analyzed by various instruments is listed below:

Laboratory/Instruments Number of samples analyzed

WIHG Users Outside Users Total
Inductively Coupled Plasma Mass Spectrometer 1066 K25 |89
(ICP-MS) Lab
Laser Ablation Inductively Coupled Plasma Mass - - -
Spectrometer
{LA- MC-ICP-MS) Lab
Stable Isotope Lab Tik] 30 219
Luminescence Dating (TL/OSL) Lab ] 48 133
Fission Track Lab
Apatite Fission Track Dates 27 - 27
Zircom Fission Track Dates 54 - 54 6
Mineral Separation Lab 3 - 15 -:'f
Sample Preparation Lab E
EPMA Slides prepared 300 16 il6 7
Ordinary slides prepared 102 3l 133 -1
Powdering 843 278 121 &)
XRD Lab. 108 27 135 Z
X-Ray Fluorescene Spectrometer (XRF) Lab BaY 362 1231 ;';
Laser Micro Raman Spectrometer (LMRS) & 48 b 57 e
Fluid Inclusion Lab.
Rock magnetic & Palacomagnetism Lab 175 60 235
Dendrochronology Lab 44 0 44
Laser Particle Size Analyzer (LPSA) Lab
Sedimentology Lab 449 53 502
Vibratory Sieve Shaker 4 1 63
Clay Slide Preparation 0 0 0
Palynology Lab 54 0 54
Luaser Water Isotope Analyzer (LWIA) Lab 50 0 30
Water Chemistry Lab (lon-Chromatograph) 500 100 GO0
Total Organic Carbon Lab 715 11 725
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Sumple Preparation Luboratory

The Sample Preparation Lab of WIHG, Dehradun,
prepares samples for high-end geochemical, structural,
sedimentological, and geotechnical investigations, at
par with international standards. Presently, ordinury and
EPMA thin-section slides are being prepared i this
facility. Mineral Separation and slide preparation work
tor the geochronological and thermochronological
investigation is an integrated component of this facility.
The lab also performs the powdering of rock samples for
XRF, ICPMS. and OSL investigations. The Lab is
equipped with Bughler, Struers rock-cutting and
polishing machines. In addition, the lab ulso has Frantz
Magnetic Barrier Separation, Fritsch Jaw Crusher and
Disk Mull, Holman Wilfley Table, and an Automatic
Polishing machine. This high-end facility is being used
by rescarchers of various R&D  institutes and
universities across India,

Fission Track Dating Laboratory

Fission: Track Dating Facility has been successfully
established at the Wadia Institite of Himalayan
Geology. Dehradun, to facilitate basic research in Earth
System Sciences (Thermochronology) and to develop a
trained scientific workforce for national needs. The
facility includes the mineral separation lab, slide
separation lab, polishing lab, Fission-track counting
system of international standards. This facility has 1s
applications for the reconstruction of low-temperature
{=3007C) thermal histories in upper crustal rocks. Itisa
powerful method for constraining the time-temperature
history of rocks and provides constraints on millennial-
scale denudation rates, landscape cevolution, and
tectonic history of different geological terrains such as
arogenic belts, rifted margins. and more stable areas. It
provides a means of assessing the timing and volume of
sediment being delivered to sedimentary basins, and
also serves as an estimator of the hydrocarbon maturity
potential of the sedimentary basin. Al present, the
research work at the Facility is ongoing to constrain the
millennial-scale erosion and tectonic evolution history
of the Kargkoram, Zanskar, Kumaun-Garhwal, and
Arunachal Himalayan regions of Tndia.

Computer and Networking Section

The WIHG Computer and Network Section plays a
pivotal role in ensuring secamless digital operations
across the institute. It is responsible for managing,
maintaining, and upgrading all 1T infrastructure
including computing resources, nelworking systems,

and communication platforms. This section is
committed to providing efficient, secure, and highly
available services that support the academic, rescarch,
and administrative activities of the organization.

Core Services
Computer and Workstation Management

The section manages a diverse range of desktops,
workstations, and laptops used by faculty, stafl, and
researchers. This includes installation, configuration,
troubleshooting, regular maintenance, and timely
upgrades, Systems are equipped with essential
software packages tailored to imdividual or
departmental needs.

Server and Storage Infrastruciure

The section manages various servers which have been
installed and configured in-house. All the servers are
working on sceure Linux environment and using latest
Open Source Technology. The different types of servers
being used are DNS, Mail. Web, Application, ete. The
section has not only maintained a virus and spyware free
environment by adopting centralized anti-virus and
anti-spyware solution but has also been adopting the
latest preventive security measures in this regard,

Virtualization is employed for scalability and better
resource utilization,

Nemworking Services

* The section oversees a robust, secure, and high-
speed network infrastructure. This includes:

s LUses the latest networking technologies for
excellent speed and reliability of all the network
related services which are the need of the hour,

o  Muaintains and upgrade the network as per the
requirement. The network is not limited to the office
but the same has been cxtended to the WIHG
residential colony, Guest House, WIHG Students
transit hostel so that all employees and students can
have 24x7 connectivity.

* Provides VPN facility to facilitate the access of
Institute resources securely over public network.

* Mauintains the different web portals hosted by the
Institute viz., Institute website, Institute publication
portal, WAICS (Wadia Analytical Laboratory
Instrument Facility and Consultancy Advisory
Services) portal.
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e Firewall and intrusion prevention systems for
network security

s Bandwidth manispement and monitoring
Internetand External Connectivity

The Institute 15 connected with the National Knowledge
Network through a high speed | Gbps link, For
uninterrupted internet connectivity, redundant link and
failover mechanisms are in place to ensure near 100%
uptime,

Hurdware and Software Support

o Preventive Maintenance: Regular checks of
computing systems ta prevent failures.

» Repairs and Replacements: For the hardware related
issues, AMC services have been employved so that
any hardware issue can be taken vp immediately
and resolved without any delay. Also, coordination
with vendors/OEMs 15 done for warranty-based
Services.

» User Support Helpdesk: A responsive support
helpdesk is available via phone to address user
issues,

Onling/Offline Meetings, Conferences, Webinars

Online Meetings, Conferences, Webinars: The section
facilitates virtual meetings, webinars, and workshops
using platforms hke Zoom, Microsoft Teams, Google
Meet, and other licensed tools. Facilities include:

= Meeting scheduling and setup support
» Recording and archival of sessions

Offline Meetings and Conferencing: Wadia Institute
has been organizing Distinguished Lectures by Eminent
Scientists/Professors around the year. Many of these
leetures have been conducted online {or in hybrid mode)
and WIHG Computer Section has been instrumental in
the successiul conducting of these lectures by providing
all round support for the same.

During all other offline events. reqguisite

arrangements as per the requirement are made for the
success of the events.

High Availability and Reliability

The Computer and Network Section emphasizes high
availability for all ¢ritical systems. The Computer and
Network Section is committed to mamtaining near
100% uptime across all services.

As per the instructions from the S&T Ministry, the
Cyber Jagrookta Diwas (CID) is being organized on the
first Wednesday of every month to create the awareness
about the latest cyber threals and evber hygiene for the
prevention of cyber crimes. Lectures and presentations
are arranged for the Institute employees, research
scholars and anciliary staff.

The Computer Section has been playving a very
important rele in all the fields. where IT services are
utilized and that means nearly everywhere. It maintains
and manages the high speed fiber connectivity of the
various blocks/buildings; connectivity of the
sophisticated scientific instruments installed in the
Institute to carry out the research work: connectivity
and operation of the different high-end workstations:
installation and configuration of the scientific and
general softwares; the CCTVs installed in the Institute
for the overall security, etc., the services are being
provided by the WIHG Computer Section, The section
remains 4 backbone for institutional operations n
digitally connected world.

Drawing Section

The Drawing section provides the cartographic needs of
the scientists of the Institute for in-house as well as
sponsored praject works. During the Year, the section
has provided fifteen geological maps/structural maps/
geomorphological maps/seismicity diagrams for the
scientists and research scholars of the Institute. Besides,
the tracing of three topographic sheets/aerial photo
maps was carried out along with the preparation of the
six geological columns. The section has also provided
name labels and thematic captions during different
activities and [unctions of the Institute:
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CELEBRATIONS

National Technology Day
National Technology Day (13 May 2024) WIHG
celebrated National Technology Duy under the theme

"From Schools to Startups: lgniting Young Minds to
Innovate". An Open Day was organized for school and

college students, as well as the general public. offering
guided tours of the museum and laboratories. The
mitiative provided participants with hands-on exposure
to research in Earth sciences, fostering curiosity and
scientific temperament among young learners,

Moments of the National Technology Day celebration

Internpfional Day far Biological Diversity

International Day for Biological Diversity (22 May
2024): To mark this oceasion, Dr. Kalachand Sain,
Director, WIHG, addressed staff and interns,
emphasizing the critical role of biodiversity in
sustaining ecosystems, particularly within  the
vulnerable Himalayan region.

International Yoga Day

10" International Day of Yoga (21 June 2024), WIHG
observed the 10" International Day of Yoga with the
theme "Yoga for Self and Society.” A guided session led
by a professional instructor saw aclive parficipation
from all staff and scholars. Dr. Kalachand Sain
highlighted yvoga's role in promoting holistic well-being
and scientific productivity, Scientists also  shared
personal reflections on the benefits of yoga in enhancing
foous and mental clarity,

Emplovees and research scholars of the Instte practicing Yoga on the International Yoga Day
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Founduation Day His talk, "Earthquake Risk Management vis-a-vis
Technological Development." underscored advances in
seismic resilience. The event also featured the Best
Research Paper Award 2023, recognmizing excellence in
geoscience research,

56" Foundation Day (26 June 2024) To celebrate its 567
Foundation Day, WIHG hosted a Keynote lecture by Dr.
0.P. Mishra, Dircetor, National Centre for Scismology.

Felicitation of the Dr. O.P, Mishra, Director, National Centre for Seismology during the Foundation Day ¢elebration

Independence Day celebrating the 78" anniversary of India's freedom with
great pomp and purpose. The event was a noted

On Independence Day 2024, the Wadia Institute of : 27
milestone on the institwe's annual calendar. The

Himalayan Geology, Dehradun, joined the nation in

CELEBRATIONS

Moments of the Independent Day celebration
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institute's Director, accompanied by senior scientists,
staff, and research scholars, hoisted the tricolour fMag on
the main lawn, followed by the national anthem.
Following the official ceremonies, several sports, fun

Mational Space Day

Natiopal Space Day (23 August 2024) To
commemorate National Space Day, WIHG organized
an Open Day and slogan-writing competition,

competitions, and a cultural Program were organised for
the Institute employees and their family members. The
prizes were distributed to the winners.

encouraging scientific awareness among students and
staff. A special lecture by Dr. R.S, Chatterjee, Scientist-
G. 1IRS, highlighted India's advancements in Earth
observation and its applications in monitoring
groundwater depletion and land subsidence.

i naTIONAL SPASE DAY
(11

Moments of the National Space Day celebration

Swachhea Abhivan (Swachhata Hi Seva)

The Institute launched a comprehensive cleanliness
campaign themed "Swabhav Swachhata - Sanskar
Swachhata," Activities included a Swachhta pledgs,
cleanliness drives, awareness rallies, film screenings,
and a plantation drive near the research hostel, The
campaign concluded with an award ceremony
recognizing winners of various competitions.

Under the Swachhata Hi Seva (SHS) campaign from
14" Sept to 1" October 2024 (Ist Phase). This vear the
theme of Swachhta Abhivan- 2024 was “Swabhay
Swachhata - Sanskar Swachhata™. In this direction we
have taken the following activities at the Wadia Institute
of Himalayan Geology (WIHG), Dehradun,
Uttarakhand.

Muss SWACHHATA PLEDGE was taken by all the
employvees of WIHG on September 17, 2024,
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o nvited Lecture: A lecture has been orgamized at
WIHG, which is delivered by the Invited Speaker
Mr. Ashish Garg, President Eco-Group Society,
Dehradun, the Topic of his Talk was “Cleanliness
through Waste Management” on 21-09-2024.

s In-house Lectures: A lecture was delivered by the
institute scientist Dr. Santosh Rai, on the topic
“Tracing the Anthropogenic torcing of the Ganga

River System™ on 21-09-2024,

»  Visited/Inspection by the DST team: A team of DS
delegates, visited WIHG durmg 21-09-2024 and
22-09-2024. They wisited different sections/
buildings/Labs of the WIHG institute to
assess/evaluate the sctivities undertaken by WIHG.
Discussion has been made with DST Inspection
Team in WIHG committee room. regarding
Swachhata in WIHG Campus.
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CELEBRATIONS

Moments on the Oveasion of Swachhata Special Campaign
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In 2* Phase (2% OCT - 31" Oct. 2025), Special Campaign 4.0 for swachhta was observed/Celebrated at WIHG.
BB SRS ) gt

CELEBRATIONS

Plantation on the Oveasion of Swachhata Special Campaign 4.0 in front of Research Scholars Hostel, WIHG
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The event under “Swachhata Special Campaign 4.0™ 15 degradable™ and “Vermi-composting™ in our Institute
for the construction of Waste Management pit for *Bio- PIeImises,

w
-

TR R o]

. Fla e

Bio-degradable Pit was eonstructed at WIHG, Near Store Building _,[_.:

= =

I'he participation of the WIHG's emplovees and larger cleanliness mission. For the wide dissemination a
students in “Swachhata Selfie” program of this program (SWACHHTA AWARENESS LSING
&

SELFIE), it was promoted through the internet, WIHG's
website. and Facebook page,

When individuals click and share selfies while
participating in clean-up activitics, it fosters a sense of
personal involvement, making them stakeholders in the
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Founder's Day

Founder's Day (23 October 2024) WIHG
commemorated the 1417 birth anniversary of Prof. D.N.
Wadia with floral tributes and a memorial lecture by Mr.

ISF 2024 Curtain Raiser (12 November 2024)

As a prelude to the 10" India Intemational Science
Festival, WIHG hosted a special lecture by Dr, R.P,
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Vigilnnee Week

Vigilance Awareness Week-2024 was observed at
WIHG Dehradun from Oetober 28 to November (03,
2024, [n this connection, an Integrity pledge has been
tuken by the employees of the Institute, followed by
lecture by Under Secretury Vigilunce, DST, Ms. Anurag
Devgan, "Preventive Vigilunee" on November [3.
2024, During the Wadia Institute of Himalayan Geology
vigilanee week, Dehradun conducted a series of
programs in conjunction with Vigilance Awaréness
Week (2024). Scientists from WIHG delivered talks on
Vigilance Awareness and took pledges with the faculty
and staff of different schools and colleges.

T AR
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Deepak Kumar, Superintending Surveyor. Survey of
India. His talk on "Continuously Operated Reference
Stations (CORS)" highlighted innovations in geodetic
seience,

Feliditation of the Mr. Deepak Kumar, Superintending Sarveyor, Sarvey of India during the Founder's Day celebration

Singh, Directer. [IRS. His ralk. "Journey of Space
Research in India,"” traced the evolution of India's space
capabilities. inspiring students and researchers.

Fmngem fu 1ner gy pésEnp mmeh
Fune mree SRR b7
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{ the Vigilance Awareness Week
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Republic Day

The 76" Republic Day was celebrated in the Institute on
26 January 2025, On this occasion, Dr. Vineet K.,
Gahalaut, Director, unfurled the National Flag and
delivered a formal address 1o the Institute employees

and rescarch scholars. To mark the occasion, various
sports activities. crafl exhibition, and competitions
were organized for the employees and their children.
Prize were distnmbuted to the winner of various
events,

Moments of the Republic Day celebration

Nutional Science Day

National Science Day Celebration (28 February 2025)
celebrated under the national theme "Empowering
Indian Youth for Global Leadership in Science and
Innovation for Viksit Bharat," the event featured a
kevnote lecture by Ms. Nebula Bagchi. Executive
Director, GEOPIC, titled "The Himalaya: Perspective
from India's National E&P Company.” A wide array of

activities engaged students, faculty, and thé publie,
including an Open Day with guided museum and
laboratory oricnlation on geescicnce
instrumentation for students, lecture and quiz
competitions, and poster and slogan contests on the
theme “Viksit Bharat.” The celebration concluded with
a Popular Science Talk, fostering scientific awareness
and innovaton.

Lours,
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Maoments of the National Science Day celebrition

International Women's Day

The Wadia Institute of Himalayan Geology, Dehradun
celebrated Intermational Women's Day on March 7,
2025. The event was organized to promote gender
equality and inclusion across all spheres of society with
various programs and motivational lectures centred on
the theme of women empowerment. The occasion was
praced by an eminent author, educationalist and
translator Ms. Bijova Sawain and Dr NSK Harsh,
Retired Scientist & Dean {Research) FRI, Dehradun as
chief guests. The formal proceedings began with the
lighting of the eeremonial lamp and Saraswati Vandana
by research scholurs followed by & speech from the
Director highlighting the active role of women a
workplace and their importance in the uplifi-ment of the
society followed by releasing of Institute's vearly Hindi
Magazine “Ashmika”™ with a special goest Dr B.R.
Arora, Former Director WIHG. During the keynote
addresses, Ms. Bijoyva Savian highlighted the role of
women in literature and addressed patriarchal structures
that have persisted across generations. She also shared
contermporary examples of the social. economic, and
mental empowerment of women in India. Dr NS K.
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Harsh spoke about various legal provisions and acts that
support women's rights and safety at the workplaces. He
also emphasized the importance of cooperative work
environments and personal hygiene awareness, After
the keynote addresses, un interactive session was held
where institute personnel shared their experiences and
queries. The Chief Guest and the Director provided
insightful responses with encouragement and a thought-
provoking discussion. A melodious songs were sung by
scientists and students that captivated the audience, and
the senior-most woman employee shared her thoughits
on women's progress and challenges in the workplace. A
theatrical play emphasizing the importance of education
for women was presented by students which was
warrnly applauded by the audience, Dr. Gautam Rawat,
Rajbhasha Adhikan recited a sclf-written Hindi poem
and delivered a speech advocating for wonien's
mclusion and an equal opportumities. During the entire
event a compilation of verses from the holy books were
presented depicting on the importance and role of
women. A heartfelt vote of thanks was delivered by a
Senior Technical Officer expressing gratitude to all
participants, organizers and attendees who made the
celebration a success. The event concluded with the
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distribution of gifts to all women personnel and a
delicious lunch for all emplovees in honour of women's
contribution in all sphere inthe Institute and society. The
International Women's Day 2025 celebration at the
WIHG suceessfully promoted  gender equality,

e
-

IPR—

inclusivity. and women's empowerment through
thoughtful discussions, cultural evenmts, plays and
motivational lectures. The evenl was a resounding
suceess, leuving the audience inspired and motivated to
continuc striving fora more equitable society,

Moments of the Intermational Women's: Day
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DISTINGUISHED VISITORS TO THE INSTITUTE

Dr. Shailesh Nayak, Chairman, Governing Body,
WIHG and Director, NIAS, Bengaluru

Prof. Vinod K. Gaur, Former Secretary, Dept. of
Ocean Development (MoES), Govt. of India

Prof. Harsh K. Gupta, Former Secretary, Dept. of
Ocean Development (MoES), Govt. of India

Prof. TN, Singh, Director, [T, Patna

Shri Anant Swaroop, Additional Secretary,
SDMA, Govt. of Uttarakhand

Dr. R.P. Singh, Director, I[IRS, Dehradun

Prof. Rajiv Sinha, Professor, Indian Institule of
Technology, Kanpur

Dr. Harish Bahuguna, DDG, Geological Survey of
India, Kolkata

D, OL P Mishra, Scientific-G, MoES, New Della

[Dr. Shantanu Sarkar, Director, ULMMC,
Littarakhand

Prof, Kusala Rajendran, Professor (Retired), 11Sc,
Banglore

Prof. L.8, Chamyal, Former HOD, Dept. of
Geology, MSU, Baroda

Prof. R.G.5. Sastry, Adjunct Professor, School of
Earth, Atmospheric and Ocean Sciences, 1T
Bhubaneswar

Dr. B.5. Chatterjee, Group Director & Head and
Scientist/Engineer-G, 1IRS Dehradun

Ms. Mebula Bagehi, Executive Director, GEOPIC,
Delradun

Mr. Deepak Kumar, Superintending Survevor,
Geodetic and Research Branch, Survey of India

Prof. 5.5, Rai, Visiting Faculty, [I1SER, Pune

Dr. 8.5, Randhawa, Consultant with SDMA. Gov.
of Himachal Pradesh

Moments of distinguished visitors in the Institute
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STATUS OF IMPLEMENTATION OF HINDI

The WIHG strietly adheres & complies with the policy
and guidelines as formulated by the Rajbhasha Vibhag,
Home Ministry, Gol and regularly submits it's quarierly,
half-vearly & anmual progress reports to Rajbhasha
Vibhag and DST. Institute also submits its hall-yearly
and annual progress reports 1o NARAKAS, Deliradun
in the desired formats. The Official Language
Implementation Committee (OQLIC) under the
chairmanship of Director. WIHG is monitoring the
implementation of Hindi in the Institute & it also
reviews the draft of various Hindi reports before their
submission to the aforementioned ministries. The
committee monitors & formulates plans for progressive
use of Official Language in the office. The committee
takes cognizance of the progress in the Hindi
implementation through its regular quarterly meetings,

The OLIC, WIHG regularly organizes gquarterly
workshops to promote the use of Official Language
through the organization of interactive lecture serics of
prominent Speakers/Scientists & also through various
Hindi typing workshops.

The Institute under the banner of OLIC organized
Hindi Pakhwara from 14 Sep to 30 September 2024 in
the Institute, This year an All India inavgural opening
ceremony of the Hindi Pakhwara was organized at
Bharat Mandapam, New Delhi by Rajbhasa Vibhag,
Ministry of Home Affairs on 14 September 2024 which
was duly attended by the Institute representatives.

Thereafter, wvaripus competilions/events were
organized in WIHG from 15 September 2024 onwards,

namely Photography. Diverse Language Knowledge &
Noting-Drafting Competitions i various categories
was held on 18 September 20245 Hindi essay & debate
competitions for schools students were held on 20 & 23
September 2024; the invited Hindi lecture of prominent
personalities of Dehradun were held on 19th & 24th
September, wheremn the Professor Saraswati Kala,
School of Yogic Science & Naturopathy, SGRR
University. Dehradun delivered her lecture on
“Importance of Naturopathy and Acupressure therapy
in present times” and Dr. Nand Lal Bharti, an
Internationally acclaimed Artist delivered his lecture on
“Jaunsari Tribe in Uttarakhand” respectively.

In the closing ceremony of the Pakhwara, a grand
Kavi Sammelan was organized in the Institute's
Auditorium. This magnificent event was warmly
applauded by the audience & the prize distribution
ceremony was held after the Kavi Sammelan, Sr
Scientists of WIHG Dr. RK Sehagal & Dr Gautam
Rawat felicitated all the pnize winners of various
competitions held during the Pakhwara,

This year WIHG published the 30th issue of the
Annual Hindi Magazine “Ashmika”. Authors from
various organizations, scholars and employees of the
[nstitute contributed their articles pertaining to various
disciplines of science. literature. poetry. stories &
philosophy in the magazine. The articles published in
the maguzines are wvery informative and well
appreciated by the readers.
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MISCELLANEOUS ITEMS

Reservation/Concessions for SC/ST employees

The govemment's orders on reservations for
SC/ST/ OBCs are followed in recruitment to posts
invarious categories

Monitoring of personnel matters

Monitoring of personnel matters relating  to
cmployees of the Institute iy done through various
Committees appointed by the Director/Governing
Body from time to time.

Mechanism for redressal of grievances

Grievance Redressal Committee Regarding Dr
Paramjeet Singh's promotion from Scientist 'C* to
Scientist 'D': The grievance committee verified the
relevant documents being questioned i the
grievance, raised by the applicant, The committee
does not found any flaws in the proceeding of the
interview, hence the case was disposed off.

Regarding the report of the Grievance Redressal
Committee (GRC) of Mr. Devi Singh for his request
to refund the Application fees of the cancelled
Advertised Post of MTS (Multi-Tasking Staff) via.
Application no.3001/01/General Recruitment/
2022-23/Estt, dated 09.05.2024. The committee
does not found any discrepancies in Institute part
regarding the fee claim of the applicant for the
cancelled post, and hence the case is disposed.

Woelfare measures

The Institute has various welfare measures for the
benefit of its employees. Various advances like
House Building Advance. Conveyance Advance,
Festival Advance, ete. are given to the employees.
There is a salary Earner’s Cooperative Soclety run
by the Institute employees that provides loans to its
members as and when required. The Institute also
runs.a canteen for the welfare of the employees and
students. As a welfare measure, the Institute is
providing recreational facilities to its employees.

_-\-.I

Mechanism for redressal of compliaints of sexual
harassment ofwomen cmployees at workplaces

An Internal Complaints Committee (1CC) was
constituted to safeguard the women employees and
to enquire into the complaints of sexual harassment
of women emplovees at workplaces in the Institute,
The Committee consists of one presiding officer
from outside the Institute and four member from the
Institute, As far as 1CC is concemned, one case is
subjudice and another is continuing.

Status of Vigilunce Cases
Mo vigilance case 1s pending in the year 2024-2023.
Information on the RTT cases

The details of information on the RT1 cases during
the year 2024-25 are as under;

Details

Opening Received

Iralanese
4 0
.04,
2024

during

the year
2024-
2025

Number of
CRSEs
transferred
to other
public
autharities

Decisions
where
requests/
appeals
were
rejeeted

Decisions
where
requests/
appeals
were
accepted

Requests

lor

information

20

1l

0

L]

Figsi
appesls

Iy

1

B. Sanctioned StaiTstrength (category wise)

Gronp/
Catepory

Seientific

Technical

Administ-
rative

Ancillary

Toseal

A

4l

1]

B

14

17

L

31

2l

1K

Total

hilh

54

37

| 86

9. Sanctioned and released budget grant for the
year2024-2025

Plan Rs. 4865,00 Lakhs
Non-Plan NIL
Total Rs. 4865.00 Lakhs
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¥

23,
24,
25
26.
27
28,
it
30.
.

-
A

41.

. D
1%,
20.

21.

, D
33,
34,
5.
36,
T
38
3.

Dr. Vineet Knmar Gahalaot

Prof. Mahesh G, Thakkar

Dr. Kalachand Sain

D R. Jayangondaperimal
Dr. K8, Luirei

Dr. Kapesa Lokho

Dr. R.K.Sehgal

Dr. Santosh Kumar Bai
Dy, Javendra Singh

Dr. B.K. Mukherjee

. Dr. Naresh Kumar
. Dr. Gauytam Rawat
. Dr.
. Dr
. Dr.
; Dr.

Devajit Hozarika
Kaushik Sen

satyajeet Singh Thalkur
Marendra Kumar Meena
Param Kirti Rao Gautam
Dilip Kumar Yaday
tanish Mehta

Rajesh 5.

Dr.

Dr.
Dr.
Dr.
Dy Vikas

Dr. Som Puit

Dr. Anil Kumar

Sh. Saurabh Singhal

Dr. Narendra Kumar

Dir. Parveen Kumar

Dr. Vinit Kumar

Dr. Aditye Khurva

e Suman Latn Srivastava
Dr. Chhavi Pant Pandey
Sameer Kumiar Trwan
Paramject Singh
Sudipta Sarkar

Dr. Pinkey Bisht

Dr Bakesh Bhambii

Dr. Amil Kumar

Dr. €. Perumalsamy

Dr. Pratap Chaondra Sethy
Dr. Hiredyi Chushan

D, Viandana

Dr.
Dr.
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STAFF OF THE INSTITUTE

Director

{Jodmed woe ) 23012025y
Dhrector

{Aadditional Charge:

BR 2024 10 22,1 2025)

Director

[Eehived on 08, (K, 21124
Scientist "I
Scientist T'
Scientist 'F'
Scientist T
Seientist "E'
Scjentist 'F
Scientist "E'
Scientist T
Secientist 'E'
Scientist "E'
Scientist "E'
Scientist 'L
Scientist 'E' {1 On Lien)
Scientist "E'
Seientisl "E'
Scientist 'E'
Scientist '°

Sweapnamita . Vaideswaran Scientist ‘D"

Scientis| D"
Scientist "D
Scientist D"
Scientist T
Scientist "I
Scientist '
Scientist D" {On Lien)
Sctentist T
Scientist D"
Scientist D"
Seientist D
Scientist 'O
Sciennst 'C
Scientist "C"
Scientist 'C"
Scientist 'C
Scientist "¢
Scientist"C"
Scientisl 'C
Scientist 'O

44,

. - Dr. Bouf Ahmad Shah

. Dr. Pankij Chauhan

D, Privadarshi Chinmoy Kumar
- D Mutum Rajamkanta Singh

.. Dr. Chinmmiay Haldar

Dr. Subhojit Saha

. Dr. M. Prakasam

. Dr. Jairam Singh Yoadav

. Dr. Subhaom Bose

. Dr. Naveen Chandra

o D M. Prenyit Singh

. Dr. Tarig Anwar Ansari

. Dir. Bappa Mukherjee

. Dr. Rajech Lochan Mishra

. Dr. Mahesh Ramrao Kapawar
. D Kunda Badhe

Dr. fitender Kumar

. Dr. Pramod Kumar Rajak

Technical Staff

4

3

16,

17
18.
19.
20.
21

Shri Sanjeev Kumar Dabral

Shri Rakesh Kunvar
Shri M. Juval

Shii C.B. Sharma

Shri T.K. Ahuja

Shri 8.8, Bhandur

Shti Rambir Kaushik
Shri Bharat Singh Rana
Shri Gyan Prakash

. Dr. Balram

. Shin BM. Sharma

. Mrs, Sarita

. Shr Rakesh Kumar

o Mlrs, Sakshi Maurys Chasdhary
. Mrs. Disha Vishnoi

Dr. Gaurav Jain

Shri Rahul Lodh
Shri Prateek Negi
Shri Vipin Chauhan
Shri Deepak Kumar

. Shri Pramod Kumat

Seientist "C'
Seientist 'C*
Scientist "C*
Scientist "C'
Seientist "
Scientist "¢
Scientist "B
Scientist "B’
Scienlist "B
Seientist "B
Seientist 'R’
Scientist 'B'
Seientist 'B'
Seientist "B’
Scientist ‘B
Seientist B
Sclentist 'B'
Scientist "B’

St Tech. Officer
Superannuatod ond 1 11.2034)
St Tech. Officer

Sr. Tech: Officer
{ Sutperunmuited ond 06, 2024)

Executive Engineer
Technical Officer
Technical Officer
Technical Officer
Technical Officer

Asstt, Pub. & Doc, Officer
Librarian

Sr Laboratery Technician
Sr. Technical Assistant
Sr. Technical Assistant
St Techmcal Assistant
Sr. Technical Assistant
Sr. Technical Assistant
{Supemumerary Podt)

Joineed n 23.08.2024

{ Bedeployed from Yamean
Prasar, Mew: Délhiy

Laboratory Assistant
Artist cum Muodeller
Technical Assistant
Technical Assistamt
Technical Assistanl
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22, Shr Akash Khat
23. Shn MNand Ram

24, Shri Torun Jain
25; Shri Pankaj Semwal

26, Shri Anil Singh
27, Shri Santu Das

28. Shn Puneet Kumar
29, Shn Amit Bhandar
Shri Hari Singh Chauhan

Shri Preetam Singh

5hn Sanjeev Kumar

33. Shri Deepak Tiwari

34, Shri Ajay Kamar Upadhaya
35, Ms, Sangeeta Bora

36. Mrs. Anjali

37, Shn Ajay Kumar

35, Shri Vipin Kumar Aditya
30, Shr Nitesh Kumar

400 Shr Abhishek Kumar
41, Shri Sandeep Singh

Shri Ajit Kwmar

43%; Shri Narender Manral
44, Shri Aakash Sharma

45, Shri Ashish Singh

46, Shn Aakash Sani

Administrative Stalf

I. Shri Pankaj Kumar Verma
2.  Shr S5.K.Srvastava

3. Shr Manas Kumar Biswas
4.  Shr Rahul Sharmo

3. Shri Ankit Rawad

G, Mrs. Shalini Bawat
7. Mrs Neelam Chabak
8. Mrs. Seema Juyal

%, Shri Ynshpal Singh Bisht
10, Mrs. Suman Nanda
1L Shri Kulwant Singh Manral

Annual Report 2024-25

Technical Assistant
Elgot.cumPump, Optr,

(Superunnuated ond k6. 2024) 20

Draftsman

Drafisman
(Died on 17,12.2024)

Draftsman
Section Cuotter

(Supemmunted ond1.082024)

Section Cutter
Ir. Photographer
FC.L.A.

(Superminunted ondi, 04, 2024)

FC.l.A,
FCL A
F.C.LA.
FC.L.A,
F.C.L.A.
FC.L.A.
FC. LA
FCL.A
FC.L.A.
F.C.L.A.
F.CLA,
FC.LiA;
Field Attendant
Field Attendant
Field Attendant
Field Antendant

Registrar
Administrative D1fficer

Store & Purchase Officer 1%
Asstt. Fin. & Ade Officer g

sr Personal Assistant
Stenographer, Gr, [
Assistant

Assistant

I 5.
19,

21,
2

¥

| TR TR 0 e
e AL

o | ol
|¢ F

Mrs, Megha Khugshal
Mrs, Surbhi

. 8hn Deepak Jakhmaola

Shri Dinesh Kumar Singh
Murs. Rachna
Mrs, Pushpo Barthwal

Shrr Amil Kumar

. Shri Pintu Kumar

Shri Maved Khan

. Bhri Vishesh Kumar Gautam

Ms. Saba

20, Shri Manjéet Rana

Ancillary Staft

o il

N

Shri Manmohan

Shri Vikliee Tomar
Shei Bhupendra Kumar
Shri Rajesh Yoday

Shri Pradeep Shah

Shei S.K. Gupta

Shri Surendra Singh
Shri Satya Naravan
Shrt Rohlu Ram

. -Shri H.S. Manmal

o Shri G, Sharma

. Shri Dinesh Parsad Saklani
. Shri Pritam

. Shri Ashish Rana

. Shri Sunil Kumar

v, ®hn Harish Kamar Verma
. Bhri Kamlesh Singh

. Shri Rajkiran Singh

. Shri Abdul Basit

20, Shri Yogender Saklam

(Supernimuated ond ] 08 2024)

Ir. Translation Officer
Assistant
Assistant

Ms. Deepti Pandey

. Mrs. Sakshi Chauhan
. Shri Chandrapal

Contracutal Staff

Upper Division Clerk
Upper Division Clerk
Upper Division Clerk
Lipper Division Clerk
Upper Division Clerk
Lower Division Clerk

{Superinmiabed ol 101 2025)

Lower Division Clark
Lower Division Clerk
Lower Division Clerk
Lower Division Clerk
Livwer Division Clerk
Lower Division Clerk

Diriver
Driver
Driver
Driver
Diriver
M.T.5.

{Suparanrusbed on 3 105 2024

M.T.S.
M.T.S,
M.T.5
M.TS;
M.T.5.
M.T.S.
M.TS.
M.T.S.
M.T.5.
ML.T.S.
M.T.S.
M. T.5,
M.T.5:
M:T.S:
M.TS!
M.T.S.

MTS,
{Foined on (1208 2024)

{Redeployed from Vigyan
Prasar, New Delhi)

12, Mrs, Richa Kukreju Sienographer, Gr. 111 1+ Shri Rezaw Uddin Chaudhary  Driver
13, Shri Vijai Ram Bhat Upper Division Clerk ~ 2;  Sh- Vijay Singh Driver
14. Shri Girish Chander Singh Upper Division Clerk 5 Shri Rudra Chettri - MTS
15. Shri Rajecy Yadav Upper Division Clerk 4 Shri Laxman Singh Bhandart - M.T.S.
16, Shri Amardeep Kumar Upper Division Clerk 5. Shri Kaldas M.TS.
17. Shri Dhanveer Singh Upper Division Clerk 6 Shri Ummed Singh M.TS.




Annual Report 2024-25

MEMBERS OF THE GOVERNING BODY/RESEARCH ADVISORY

COMMITTEE/FINANCE COMMITTEE/BUILDING COMMITTEE

Governing Body
(upto Feb. 17, 2025)

Sk

Name

Address

Status

L.

Prof. Talat Ahmad

Vice-Chancellor,
Liniversity of Kashmir, Hazratbal,
Srinagar- 190006 (J&K)

Chairman

ra

Secretary, DST or his/her
nominge

Department of Science and Technology,
Technology Bhawan, New Mehrauli Road,
Mew Delhi- 110016

Member

Fmancial Adviser, DST or his/
her nominee

Department of Science and Technology.
Technolopy Bhawin, New Melrauli Road,
New Delhi- 110016

Member

D, O Mishra

Seientist-Gi,
Ministry of Earth Sciences, Govt. of India
Prithvi Bhawan, Lodhi Read, New Delhi- 110003

Member

Prof. M. Jayananda

Head, Centre for Earth and Space Sciences,
University of Hyderabad, P.O. Central University,
Gachibowli, Hyderabad-500046 { Telangana)

Member

0,

Prof. Pulak Sengupta

Professor, Department of Geological Sciences,
Jadovpur University, 188, Raja Subodh Chandra
Mallick Road, Poddar Nagar, Jadavpur, Kolkata-700032
(WB)

Member

Dir. NUV. Chalapathi Rao

Professor, Department of Geology,
Banaras Hindu University
Ajagara, Varanasi-221005 (UP)

Member

Prof. Anupam Chattopadhyay

Department of Gealogy,
University of Dethi (North Campus),
34 Chhatra Marg, Della-110007

Member

q,

Prof. Saibal Gupla

Professor & Head,

Department of Geology & Geophysics,
[ndian Institute of Technology-Kharagpur,
Kharagpur -721302 (WB)

Member

Prof. 5.C. Patel

Professor, Department of Earth Sciences
Indian Institute of Technology-Bombay
Powai, Mumbai-400076 ( Maharashira)

Member

Il

Prof. Shakil Romshoo

Vice-Changellor

Islamic University of Science & Technology,
1-University Avenue, Awantipora,
Pulwama-192122 (J&K)

Member

12

Director, WIHG

Wadia Institute of Himalayan Geology,
33, G.M.S. Road, Dehradun- 248001

Member
Secretary

Registrar, WIHG

Wadia Institute of Himalavan Geology,
33, G M.5. Road, Dehradun- 248001

MNon-Membaer-
Asstl, Secretary
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SL

Name

Address

Status

L,

D, Shailesh Nayak

Direcior,
National Institute of Advanced Studies,
Indian Institute of Science campus, Bengaluru- 360012

Chairman

)

Secretary, DST or hisher
nominee

Department of Science and Technology,
Technology Bhawan, New Mehrauli Road,
New Delhi- 110016

Member

Financial Adviser, DST or his‘her
nominee

Department of Science and Technology,
Technology Bhawan, New Mebrauli Road.,
Mew Delhi- 1100146

Member

Prof. Talut Abhmad

Ex-VC, KU and JMI, New Della
Lane No. 6, House No. B, Ashirwad Enclave,
Dehrudun=-24 800 1

Member

Prof, AP Dimri

Director,

Indian Institute of Geomagnetism,

Plot No. 5, Sector 18, Mear Kalamboli Highway,
New Panvel, Navi Mumbai, 410218

Member

Dr. Sunil Kumar Singh

Director,
National Institute of Oceanography,
Dona Paula- 403004, Goa

Member

Dr. O.P. Mishra

Seientist-0,
Ministry of Earth Sciences, Govt. of India,
Prithvi Bhawan, Lodhi Road, New Delhi- 113

Member

Dr. Prakash Chauhan

Director,

National Remote Sensing Centre,
Indian Space Research Organisation,
Dept. of Space, Govt. of India,
Balanagar, Hyderabad-300037

Member

Dy NV Chalapathi Rao

Director,

National Centre of Earth Science Studies,
Post Box Mo, 7250, Akkolam Road,
Thiruvananthapuram-695011 (Kerala)

Member

Prof, Kusala Rujendran

Retd. from Indian Institute of Science,
Bangalore-360012

Member

D, Prakash Kumar

Director,
CSIR-National Geophysical Rescarch Institute,
Uppal Road, Hyderabad-500007

Member

Director, WIHG

Wadia Institute of Himalayan Geology,
33, G.M.5. Road, Dehradun- 248001

Member

Registear, WIHG

Wadia Institute of Himalayan Geology,
33, G.MLS, Road, Dehradun- 248001

Mon-Member-
Asstl. Secretary
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Risenrch Advisory Committee

Sl [Name Address Status

1. |Dr. Shailesh Nayak Director, Chairman
National Institeie of Advanced Studies,
Indian Institute of Science campus, Bengaluro -360012

Prof. T.N. Singh Director, Memiber
Indian Institute of Technology-Patna,
Bihto, Patna-801 106 (Bihar)

Prof. D.C. Srivastava Emeritus Professor, Member
Department of Earth Scienees,
Indian Institute of Technology-Roorkee, Roorkee-24T667

[

Lok

4. | Shr Rajesh Kumar Srivastava Director, Member
Oil and Natoral Gas Corporation Limited,
5, Nelson Mendela Road, Vasant Kunj, New Dethi-1 10070

5. | Dr. Rasik Ravindra o8, Lalleshwari Apart Sector 21 1D, Member
Faridabad-121001
6. | Prof. Rajesh K. Srivastava Professor & Former Head, Member

Dept. of Geology, Banaras Hindu University,
Varanasi- 221005 (UP)

7. | Dr. Binita Phartiyal Scientist 'E', Member
Birbal Sahni Institute of Palacoscience,

53, University Road. Lucknow- 226007 (UP)

8. | Dr, Prakash Chauhan Director, Member
Indian Institute of Remote Scensing,
4, Kalidas Road, Dehradun- 248001
9. | Dr. OP Mishra Screntist "G and Head, NCS, Member
Ministry of Earth Sciences. Govi. of India,

Prithvi Bliavan, Lodhi Road. New Delhi- 110003

10. | Dr. Prasun Jana Deputy Director General, Member
Geological Survey of lndia, Dehradun-24800 ]

1. | Prof. Kusala Rajendran Centre of Earth Sciences, Member
Indian Institute of Science, Benpalore-560012

BODY/RESEARCH ADVISORY

GOVERNINC

.|
i

12, | Prof. L.S. Chamyal Head, Dept. of Geology, Member
Faculty of Science, The MLS, University of Baroda,
Vadodara-390002 (Gujarat)

13, | Prof. Santanu Banerjee Departiment of Earth Scienees, Member

Indian Institute of Technology-Bombay,
Powal, Mumbai-400076 (Maharashtea)

14, | Dy, V. Balaram Scientist 'G" (Retd. ), SCIR-NGRI, Hyderabad, Member
Consultant IUAC, Delh

15, | Prof. Devesh K. Sinha Oceanography and Marine Geology, Member
Deptl. of Geology, Delhi University, Delli- 110007

16. | Prof. Saibal Gupta Professor & Henad, Member
Department of Gealogy & Geophysics,
Indian Institute of Technology-Kharagpur
Kharagpur-721302 (WB)

COMMITTEE/FINANCE COMMITTEE/BUILDING COMMITTEE

MEMBERS OF THE

17, | Director, WIHG Whadin Institute of Himalayvan Geology, Member
33, G.M.S5. Read, Dehradun- 248001

I8, | Dr, B.J. Perumal Scientist 'F, Member
Wadia Institute of Himalayvan Geology, Secretary

33, G.M.S. Road, Dehradun- 248001
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Sl | Name Address Status
l. | Financial Adviser, ST Department of Science and Technology, Chairman
or his'her nominee Technology Bhawan, New Mehrauli Road,
New Delhi- 110016
2. | Prof. Anupam Chattopadlivay Department of Geology, Member
University of Delhi (North Campus),
34 Chhatra Marg, Delhi- 110007
3. | Dueector, WIHG Wadia Institute of Himalayvan Geology, Member
33, G.M.5. Road, Dehradun- 245001
4. | Registrar, WIHG Wadia Institute of Himalayvan Geology, Member
33, G.M.S. Road, Prehracdun- 248001
3. |AF&AO, WIHG Wadia Institute of Himalayan Geology., Member
33, G.M.5. Road, Dehradun- 245001 Secretary
Building Commiitee
sl | Name Address Status
1. |Director, WIHG Wadia Institute of Himalavan Geology, Chairman
33. G.MLS: Road. Dehradun- 245001
2. | Financial Adviser, Department of Science and Technology, Member
ST or histher nominee Technology Bhawan, New Mehrauli Road,
MNew Delhi- 110016
3. | Representative of Survey of India] Hathibarkala, Dehradun Member
4. | Chiel Enginect, CPWD, Dehradun- 248001 Member
CPWI or hisTer nominee
5. | Shri Ashish Kumar Singh SE (Crvil), Tel Bhawan, Member
(Representative of ONGC, Ol & Matural Gas Corporation, Dehradun-248001
Dehradun)
6. | Dr. R, Perurial Scientist-F, Member
Wadia Institute of Himalayan Geology,
33, G.MLS. Road. Deliradun- 248001
7. | Shri Rajesh Kumar Sr. Principal Scientist, Head ASD, Member
{Representative of Director, CSIR- Indian Institnte of Petroleum
[P, Dehradun) Haridwar Road, Dehradun-248005
8. | Registrar, WIHG Wadia Institute of Himalayan Geology, Member
33, G.MLS, Road, Dehradun- 2480001
9. | Executive Enginger, WIHG Wadia Institute of Himalayvan Geology, Member
33, G.M.S, Road, Dehradun- 248001 Secrefury
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KHA & GU. HO tstflogr. 01, Shn Raj Complex. Dpp Nagri Bus
Stand. Kathug. Jammu and Kashrar, 184101
Ch'w Accouniant ﬁ Ph. S418158287
e-mail  ajay kindia@gmail com

INDIA

AUDITOR’S REPORT ON CONSOLIDATED FINANCIAL
STATEMENTS

The Members of Governing Body,
Wadia Institute of Himalayan Geology,
33, GMS Road, Dehradun

Uttarakhand

We have audited the accompanying Consolidated Financial Statements of WADIA
INSTITUTE OF HIMALAYAN GEOLOGY, 33, GMS Road, Dehradun for the year ended March 31+,
2025 which comprises Balance Sheet , Income and Expenditure Account, Receipt and Payment Account
and summary of significant accounting policies,

Society’s management is responsible for the preparation of these Financial Statements in
accordance with law. This responsibility includes the design, implementation and maintenance of
internal control relevant to the preparation and presentation of the financial statements thal give a true
and fair view and are free from material misstatement, whether due to fraud or error,

Owur responsibility is o express an opinion on these financial statements based on vur audit We
conducted our audil in accordance with the Standards on Auditing issued by the Institute of Chartered
Accountants of India. Those Standards require that we comply with ethical requirements and plan and

perform the audit to obtain reasonable assurance about whether the financial statements are free from
material misstatement.
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An audit involves performing procedures to oblain audit evidence about the amounts and
disclosures in the financial statements. The procedures selected depend on the auditor's judgment.
including the assessment of the risks of material misgtatement of the Hnancial statements, whether due
to fraud or error. In making those risk assessments, the auditor considers internal control relevant o
the Society’s preparation and fair presentation of the financial statements in order o design audit
procedures. thal are appropriate in the circumstances. An audit also includes evaluating the
appropriatencss of accounting policies used and the reasonablensss of the accounting estimates made
by management, as well as evaluating the overall presentation of the financial statements.
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We believe that the audit evidence we have abtained is sufficient and appropriate to provide a
basis for our audit opinion,

In our opinion and to the best of our information and according to the explanations given to us,
the financial statements give the information required by the Act in all material respects and give a
true and fair view in conformity with the accounting principles generally accepted in India subject to
our comments given in Annexure-"1":

a) in the case of the Balance Sheet, of the state of affairs of the Sodiety as at March 317,
2025;

b} in the case of the Income and Expenditure Account of the Deficit for the year ended
on that date; and

c) in the case of the Receipt and Payment Account, of the cash flows for the year ended
on that date.

FOR KRA & CO

CAAJAYKU
FCA

FRN: 020266N
MLNO: 503015
UDIN :- 25503015BMGLLY6106

Date: 06" June, 2025
Place: Dehradun
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Annexure-1 to the Consolidated Financial Statement of Audit Report (F.Y. 2024-25)

The following observations were noticed during the course of aedit for the Financial Year 2024-25. The
same have been discussed with the management and comments/explanations of the mansgement thereon

have also been observed,
:I. Comments/Observations by Chartered Accountants
0.
1| 1 was observed that the institule has nol opened bunk sccount with State Bank of India as required by the

provisions of FCRA account. Henee, all the imnsactions ond retums pertaining 1o FCRA are pending.

2 | The physical verification of Fixed Asscts and Library for the financial vear 2024-25 hus not been
undertaken. The reason for not complying with the rule taid down in GFR regarding physical verification
of Assels may be specified.

FOR KRA & CO

CHARTERED ACEDUNTANTS

e =L
Z CA AJAY KUMAR

~ FCA

e

o] FRN: 020266N

E M.NO: 503015

L'r: UDIN - 25503015BMGLLVA106
-

P~

a8

al Date: 6* June, 2025

= Place: Dehradun

=

=
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Action Taken Report on observations of the Chartered Accountani- Annexure-1 to the

Consolidated Financial Stutement of Audit Report (F.Y. 2024-15)

L1 B

No.

Comments'Observations by Chartered
Accountnnts

" Replies und Action taken by the Institute |

I was observed that the institute his not opened |

bank account with State Bank of India as required '

by the provisions of FURA account. Hence, all the
transactions and returns pertaining o FOCRA ore
pending.

| Nm:!d fowr strict complinnee, His o be intimated
that there has been no foreign transsetion during the |
pericd under Audit,

a2

The physical verification of Fixed Assets and
Library fior the financial year 2024-25 has not been
undertaken. The reason for not complying with the
rule faid down in GFR regarding physical
verification of Assets may be specified,

Physical werification for the yesr 202324 hos
already been completed. Action with regard 1o the
physical verification for the vear 3024-2025 s in
pmgn..u and report will be submitied 1o the pest

FORKRA & CO
CHARTERED ACCOUNTANTS

CA AJAY KUMAR
FCA

|

|

o=
(Fanka ar Vermu) |

g

Registrar

-n'_

{Dr. V. K. Gahalant)

Director

\
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WADI IMALAYAN GEOLOG
BALANCE SHEET
LAS AT 31st MARCH 2025 )
(Amt in Rs...)
PARTICULARS SCHEDULE | CURRENT PREVIOUS
YEAR YEAR

LIABILITIES
Corpus/ Capital Fund | T831.37.158 \28,25,623
Reserves and Sumplus 2 = .
Earmaked’ Endowment Fund 3 17.29,623 33.96,395
Secured Loans & Borowings 4 - »
Unsecured Loans & Borrowings L] = i
Deferred Credit Liabilities 6 - -
Current Lisbilities & Provisions 7 75.36.391 T6.53,632

TOTAL 792473172 81.38,75,650
ASSETS ‘
Fixed Assets 8 41,76,24 4009 37,96,98,636
Investments (rom Earmaked/ - = |
Endowment Funds 9 1,23,850 116,089 |
Investment- Others 10 : = |
Current Assets, Loans & Advances 11 374724913 43, 40,60,926 |

TOTAL 79.24,73.171 81.38,75,650
Significant Accounting Policies 37
Contingent Liabilities and Notes on Accounts 38

AUDITOR'S REPORT

"As per our seprrate report of even dae”

FOR KRA & CO.
CHAR LD ACCOU N

I"._" h“'ﬁ"—"‘_
CA AJAY KUMAR
{F.C.A)

(PANKAJ KUMAR VERMA)

Tt

(DR, VK. GAHALALUT)
Registrar IHrector
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(F.C.A)

af w-:}:.—'_

(PANKAJ KUMAR VERMA)
Registrar

Mlace: Dehradun

INCD NDITU OUNT
FOR THE PERIOD EXDED 3ist MARCH 2028
{Amiin Rs ..}
15.&0. PARTICULARS SCH. | CURRENT PREVIOUS
| YEAR YEAR
A INCOME
Income from sales/ services 12 - -
Cirants' Subsidies 13 44.89.63 568 45.95 28063
Fees/Subscription 14 - -
Ineome fram Investments I5 10, 78,187 L3316
Income from Royalty, Publication etc. 16 |.17,690 145430
Interest earned 17 1,23,81.939 127, 78.059
Other Income I8 1.33.45.342 1.05.47,054
Increase/ Decrease in Stock (Goods & WPy 19 - -
TOTAL (A) 47,58,86,726 48.41,29.922
B  EXPENDITURE '
Estublishment Expenses 20 17.35.67.025 23.22.66,228
thther Resenrch & Administrative Expenses 2l 10.33.19.965 8.25.63.317
Girant Refunded 3 1039476 2255347
Interest! Bank Charges k] 39.99 275 43.39.776
Depreciution Account R 6,92.86.740 6.63,30.606
Increase! Decrease in stock of
{ Finished goods, WIP& Stock of Publication A-2 21.588 33.757
{Profit) Loss on sale of Assels 6 |- 02,565 .
TOTAL (B) 55,11,41.504 38.77.21.517
Surplus’ | Deficit) being excess of Income
over Expenditure ( A - B) - 75254778 9.64.08 4035
Transfer to Special Reserve ( Specify each) - -
Transfer to ! from General Heserve _ 2
SURPLUS /(DEFICIT) CARRIED TO
CAPITAL FUND ; ) - 7.52.84.778 9,64.08.405
AUDITOR'S REPORT
"As per our separate report of even dare”
FOR KRA & CO,

(DR V.K.LGAHALALUT)
[irecior

STATEMENT OF ACCOUNTS
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b

ALAYAN

RECEIPTS & PAYMENTSACCOUNT
{ FOR THE YEAR ENDED }st MARCH 2025)

(Amt in Rs...)

PARTICULARS SCH. CURRENT PREVIOUS
YEAR YEAR
RECEIPTS
Opening Balance 24 22,60,44,479 21.79,%3,393
Girants - in - Aids 26 50.84.63,568 51.51.28.063
Giranls - in - Aids/Other Receipis (Ear Marked) 7 26,67.170 1.11,91,761
Loan & Advances | 26,53,18.055 22.12,38.342
Loan & Advances (Esr Marked) 3l 73,166 -
FeesSubseription 4 - -
Income from Investments 15 10.78.187 1131316
Income from Royalty, Publication e, 16 117,690 1,435,430
Interest earmed 17 12181 939 1,27,78,059
Other Ineome 18 1.33.45.342 1.05.47.054
Invvestment ( L/C Margim Money) 34 668,78 485 -
TOTAL 1.09.63 68,081 99,0143, 419
PAYMEN
Establishment Expenses 20 37.35,67.025 232266228
Other Administrative Expenses 2 0,33, 19,965 B25.63317
Grant Refunded 22 10.46,707 160,832,800
Interest’ Bank Charges | 19.99.275 43.39.776
Loons & Advonces 9 27.00.18.579 J667,19.661
Loans & Advances | Ear Marked) n 7.761 6,383
Investment (LAC Margin Maney ) is 204.52,082 -
Fixed Assets 36 10,72.27.46% 5.11.16,530
Ear Marked Fund Expenses 33 15.76,213 1.10,03,246
Grant - in - Aid (Ear Marked) Refunded 30 17.57. 729 -
Closing Balance 5 21.23.95.267 126044479
TOTAL 1,09.63,68,081 99,01,43,419

AUDITOR'S REFORT
"As per our sepamite report of even date”

CA AJRY KUMAR S
{F.C.A)

o
L
(PANKAJ MAR VERMA)

Registrar

Place: Dehradun

A

(DR, V.E.GAHALAUT)
Director

\

y

162




Annual Report 2024-25

. ACOUNTING CONVENTION

The financisl statements are prepared on the basis of historical cost convention,
unless otherwise stated and on the cash method of sccounting except interest accrued
on fixed deposit.
. INVESTMENTS

Investments classifieds as “long term investments™ are carried ut cost.

. FI¥ED ASSETS

a) Fixed Assets are stated at net book value a3 recommended in the “Uniform
Accounting Format™ of financial statements for the Central Autonomous
Bodies as made compulsory by the Ministry of Finance w.e.f. 01.04.2001,

h) Additions to fixed assets ure taken ot cost of scquisition, inclusive of freight,
duties and taxes, incidental and direct expenses related 10 acquisition.

. DEPRECIATION

a) Depreciation is provided on Written down Value method as per rates specified
in the Income Tax Act, 1961,

b) When an asset is discarded or sold or deleted, the original cost is deducted
from the gross block, the W.D.V. is deducted from the W.D.V. block and
accurmulated depreciation on the asset upto the date of deletion is deducted
from accumulated depreciation of the respective hlock.

€) In respect of addition to/ deduction from fixed assets during the year,
depreciation is considered on full yearly basis,

163
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DIA INS 1 YAN GEOLOGY
GMS ROAD D

5. MISCELLANEOUS EXPENDITURE

Deferred revenue expenditure, if any, will be written off over a period of 5 vears
[rom the year it is incurred.

6. ACCOUNTING FOR SALES & SERVICES

The consullancy services provided by the institute is sccounted for on net service
basis,

7. GOVERNMENT GRANTS / SUBSIDIES
a) Government grants of the nature of contribution towards Capital Cost are
dircctly credited 1o Corpus Fund and Other Revenue cost are transferred 1o
Income & Expenditure account and the surplus or deficit afier deducting all
the expenses is transferred to Capital / Corpus fund,

b) Grants towards Earmarked / Endowment Funds are directly transferred 1o the
respective fimd account.

&) Government grants / subsidy are accounted on realization basis,

n‘i,#_-,flﬂwf’/ e
(Pankaj Kdmar Verma) (Dr V.K.Gahalaut)
Registrar

Director
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WADIA OF HIMALAYAN
33 GMS ROAD, DEHRADUN

1, CONTINGENT LIABILITIES

{Amount in Kx)
a} | Claims against the Entity not acknowledged as debis - Nil -
b} | In respect of
i) | Bank Guorantees given by fon behalf of the Entity - Mil -
i) | Letter of credit opened by Bank on hehalf of the entity =Nil-
iii) | Bills discounted with banks __=Nil-
¢} | Dispuled demands in respect of -
i) | Uncome —tax [TDS) - Nil -
i) | Soles tax = Nil -
iii} | Municipal Taxes - Nil -
d) | In respect of claims from parties for non-execution of orders, but Nl -
contested by the Entity

L CAPITAL COMMITMENTS

Esumated Value of contracts remaining to be executed on capital account and not proviaed |
fior (net of advances)

a) | Construction of Building = Nil -

by | Other Assets =il -

3. LEASE OBLIGATIONS

Future obligations for rentals under finance lease armmpements for plant and

machinery amount 1o Rs. Nil <Hil>
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4. CURRENTS ASSETS, LOANS AND ADVANCES

In the opinion of the Instituie, the current asscts, loans and advances have o valie on realization in the
ordinary course of business, equal st feast 1o the sggregte amount shown in the Balance Sheet

5. TAXATION

In view of there being no taxable income of the Institute under income tax Act, 1961, no provision for
Income Tox has been considered necessary

y
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W UTE OF EOLOGY
33 GMS ROAD, DEHRADUN

6. FOREIGN CURRENCY TRANSACTIONS
a) | Value of lmports Caleulated on C.1F basis

i) | Purchase of finished goods - Nil -
i) | Raw Materinls & Components { ineluding in transit) - Nil - I
iii) | Capital goods - Nil - |
wh | Stores, Spares and Consumables - Nil - |
b) | Expenditure in foreign curmency
i} | Travel (for atiending Seminar/Conlerence shroad) = Mil -
it) | Remitances and Interest payment 1o Fimancial Instiutions = Nil -
! Banks in Forcign Currency
ilf) | Other expenditure
Commission on Sales - Nil -
Legal and Professional Expenses -Nil-
Miscellaneous Expenses - il -
¢} | Earnings |
i} | Value of Exporis on FOR basis - Nil - |
it) | Grams for Projects - Ml - |

7. The payments to auditors during the F.Y. 2024 -25 s as follows:

Remuneration o suditors

1) | As Audilors 1,735,112/
Taxation maticrs - Nil -
For Management Services = Mil -
For Cenilicstion - Nil -

i) | Others - Nil -

8. Scparate Financial Sintements have been propared Tor;

a) Wadsa Institure of Himalayan Geology,

b) Contributory’ General Provident Fund,

¢ Pension Fund.

) Consolidated finaneinl stimement of projects sponsored by other Agencies.
€) Individual Mnancial statements of Projects sponsored by other agencies.
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% Corresponding figures for the previous year hove been regrouped / rearranged, wherever necessary.

10. Anneved Schedules & Annexures are an integral pan of the Balance Sheel as on 31" March, 2025,
Income and Expenditure Account and Receipt & Payment for the vear ended on 3151 March, 2025,

N
(Punkaj Komar Verma) (D, V. K.Gahalaut)

Registrar Director
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