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The Waoia Inoctitute of
Himalayan Geology (WIHG),
Dehradun ic an autonomouc
recearch Inoctitute of the
Department of Science &
Technology, Govt. of India
eatabliched in 1968. The Indtitute
ic devoted to unravel variouc
ocientific aopectc of the
Himalaya, including geodynamic evolution,
ceiomogeneoic, climate-tectonic interaction, biotic
evolution, ore and mineral forming procecces, glacial
dynamicg, fluvial oyctem, geo-hazardc(landdlideg, flach
floodo, avalancheo, earthquakeo), geo-recourcec
(mineralo/ores, hydrocarbons, cold oprings, and
geotherm), anthropogenic impact, etc. towardothe well—
being of the population and cafeguarding the propertiec
and otructurecin the Himalaya and adjoining areac. The
Inctitute cheod light on above themeonot only baced on
field obcervationo but aloo on analycic of data ucing
ocophicticated inctrumentcand modeling of different ceto
of data on otructural geology, petrology, geochemictry,
paleontology, bioctratigraphy, ocedimentology,
glaciology, hydrology, geomorphology, engingering
geology, ceiomology, gravity & magnetic, ceiomic, well
logo, environment & engingering geology, quaternary
geology, and remote cenaing, tc.

The inctitute hac advanced analytical facilitieo,
including Lacer Ablation Multi-Collector Inductively
Coupled Plaoma Maco Spectrometry (LA-MCHCP-
MS), Inductively Coupled Plaoma Maco Spectrometry
(ICP-MS), Stable Iootope Maco Spectrometer, Electron
Probe Microanalycic (EPMA), X-Ray Fluoreocene
Spectrometer (XRF), Scanning Electron Microocope
(SEM), X-ray Diffraction (XRD), Raman
Spectrometer, Thermolumingocence/Optically
Stimulated Lumineccence (TL/OSL), and a Magnetic
Succeptibility meter, all managed by competent
acigntiotoand technicianc, It aloo houceoctate-of-the-art
laboratoriec for geophyocical data acquiacition,
procecoing, modeling, and interpretation, along with an
AI/ML Centre of Excellence for Geoacienceo. Thece
facilitiec cerve WIHG ccientiotc ac well ac recearcherc
from univeraities, inctitutes, and organizationo. The
inctitute operatec a ceiomological network compricing
80 Broad Band Seiomographo and 15 Accelerographo
acrooc Himachal Pradech, Uttarakhand, Punjab,
Haryana, Arunachal Pradech, Jammu & Kachmir, and
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Ladakh. Additionally, about 14 GPS inctrumentc are
inctalled in Himachal Pradech, Uttarakhand, Jammu &
Kachmir, and Ladakh. The inctitute aloo runca 'Multi—
Parametric Geophyoical Obcervatory (MPGO)' in
Ghuttu, Uttarakhand, to otudy earthquake precurcorcin
the Himalayan region. Further, the indtitute offerc
conoultancy cervicec for geo-engineering projecta,
groundwater ourveyc, natural hazardc, and road/rail
alignmentoin the Himalayacand neighboring areac.

The Inctitute ic a national center of excellence for
Himalayan geoccience education and recearch. It
emphacizec nurturing young and dynamic talentc to
achieve a high level of competency through Ph.D.
programc. The Inctitute aloo provides training in
different fieldc of Earth ociences to otudents of
Collegeod/Inctituteo/Univercities. The inctitute
maintainc a modern Geological Mucgum that
chowcacec evolution of the Himalaya, rocks, mineralg,
and foooiloacrooothe different trancectoof Himalaya for
educational purpocea It conductc outreach programoc
for acience education and geo-hazardc awareneco and
organizeo popular lecturec and National/International
ceminarc, Additionally, the inctitute engagec in
collaborative recearch with variouc univeroitieo,
inductriec, and other indtitutes focuced on Himalayan
ZEOCTIENCED,

Ongoing recearch activitico are focuced on
"Characterization and Accecoment of Surface and
Subourface Proceoces in the Himalaya (CAP-—
Himalaya): Implicationc on Gegodynamico,
Seiomogenecig, Bioevents, Paleo—climates, Natural
Hazardo, and Natural Reocources for Suctainable
Development". The recearch program planned for the
year 2023-2024 hacbeen grouped into 12 programo or
activitieo. The cignificant outcomeo from gach activity
are cummarized below:

Activity-1A:

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

e Lithoopheric gvolution in the collicional orogen of
the Himalaya witneooeo the cubduction of Indian
continental cruct penetrate beneath the Euracian
plate and equilibrated in the ultrahigh-precoure
condition at c.45 Ma, in concequence of the failure
at the leading edge of the Indian plate following the
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upward trajectoriesthrough the cubduction channel
and exhumed back at the mid—eructal level ¢. 42 Ma.

e Fioolon-track (FT) agec from the granite body
acoociated along the Main Boundary Thruct (MBT)
hanging wall cuggeoto the mid-Miocene (~13-14
Ma) development of the MBT and regponaible for
the exhumation of the Amritpur Granite body to the
ourface ac 'Tectonic Sliverc. Morgover, the Apatite
fiocoion track (AFT) age of ~5 Ma from the contact
zong indicatec the MBT and acoociated faulto
reactivation during the Pliocene perioda.

e Mafic oykec of the Banjar Formation likely
reprecent a Palagoproterozoic mafic intrucive
activity linkeo to Columbian Supercontinent.

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

e The Higher Himalayan Cryctalling rockc of
Dhauliganga Valley, Garhwal Himalaya, have
attained the metamorphic condition in the range of
648-801°C and 811 kbar.

e The High Himalayan Diccontinuity 6ividec the
Himalayan metamorphic core into two unitc.

e Two typecof fluid inclucionc were obcerved in the
exotic blocko of Zildat ophiolitic mélange (ZOM):
carbonic and aqueouc-carbonic, which entrapped
between 435 and 370 °C at 386—323 Mpa.

e The zircon U-Pb age (~925Ma) of the Chaur
granitoidc of the Jutogh Thruat (JT) cheet provideo
evidence of the Neoproterozoic magmatiom in the
NW Himalaya.

e The detrital U-Pb agec(range 550-2750 Ma) from
the JT cheet provide two prominent peakcof ~825.0
and ~910.0 Ma, which cuggeat two epicodec of
magmatic proceccec. It advocateo that the firot
cubduction wacan unknown micro-contingnt under
the Indian Plate and the magma generated through
partial melting (~925 Ma); the cecond wac the
intrucion of magma in an extencional tectonico
cetup of the northern edge around ~825 Ma.

Activity-2A:

Subsurface interpretation - Development of ML

approach to geoscientific data from Himalaya and
adjoining regions

e The oubourface geological environment of the

Upper Acsam foreland bacin hac been invectigated
ucing high—quality 3D ceiomic and borehole data
and Oeciphered the geometry and kinematico of
oubourface otructurec that compartmentalized the
geologic formationc with opecial reference to the
Tipam and Barail litho-unitc.

e Deaign of new meta-attributecs(e.g. Fluid Cube, and
Reef Cube) uoing maching learning approachec for
automatic interpretation of cubourface geologic
otructurec and acoociated geological procecces
Theoe meta-attributes can be efficiently uced in
oubourface interpretation of the geologic
environment from worldwide cedimentary bacing.

o Umge of ceiamic attributec and the approach of
common contour binning prominently elaborated
the fluid contact zonego in cubourface recervoirg,
which are crucial for the exploration of
hydrocarbonc. Thece otudiec carried out in the
onchore bacin (Upper Aceam bacin, NE India) can
be effectively extended to offchore areac.

e The cubaidence curves were computed for the
Upper Accam baocin, which highlighted the
oubaidence hictory and quantified the amount of
oubaidence that the Upper Acmam bacin underwent
during itcevolution.

e Employed machine-dearning techniquec for the
prediction of micoing geophyaical logo within the
intervalo of Lakadong—Therria formation in the
Upper Aceam bacin, NE India.

Activity-2B:

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

e Sedimentary otructurec have been imaged in the
weatern part of the Indo-Gangetic Plain (IGP) that
reveal ooft alluvialowith extremely low chear wave
opeed at the top ~400-700 m of the curface which ic
uceful information for earthquake hazard
eatimation in the highly populated citiec over the
IGP.

e Ahigh-recolution ambient noice tomography in the
Garhwal-Kumaon region odsetecto a thick
cedimentary layer in the IGP and revealo a low—
velocity zong around the MCT at ~10—15 km depth,
which ic interpreted ac the precence of fluid that
caucec micro-to-moderate oize garthquakeo in the
Himalayan Seiomic Belt. Moho depth ic found
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between 40 km depth near the HFT to 47 km depth
beneath the MCT.

the otudy region. The 2D image of the P-wave
receiver function propoced the mantle trancition

. _ zong ata depth between 410 and 660 km.
e The magnetotelluric invectigation along the

Rohtak-Delhi cection characterizec the junction of
the contact zone of the Delhi-Hardwar Ridge
(DHR) and Delhi-Sargodha Ridge (DSR). The
DHR hac been found otriking NE-SW with a very
challow central axic (leoo than 400 m) having a
width of 12—15 km forming half grabenc on both
limbooupported by challow faults. The ceiomicity in
the Rohtak and ourroundingc ic located at the
bifurcation pointcof DHR and DSR and atareverce
fault.

Invectigated attenuation quality factorc for P—
wavea (Qa), S-waveo (QB), and coda waveo (Qc)
ucing a Odatacet of 1944 micro to moderate
earthquakes (2.5 < Mw £ 5.0) in the NW Himalaya
and found higheat attenuation in the Leooer
Himalaya compared to [GP and Higher Himalaya.

A ground motion prediction equation (GMPE), hac
been developed for the Northweot Himalaya and ito
ourrounding region: Log,, PGA=1.889+0.3996*M
—0.95736log,, ® (HD + exp“*'"*™) £ 0.3646, where,
PGA iopeak horizontal acceleration in gal of atrong
ground motion, M ic the magnitude, and HD icthe
hypocentral dictance from the cource.

Activity-2C:
Seismicity and seismic hazard assessment in the
Himalaya

The cemi-empirical technique of cimulation hac
been modified for the oite-opecific attenuation
propertiea. Modeling of the 1991 Uttarkachi (Mw
6.8) and 2011 IndoNepal (Mw 5.4) earthquakeo
validate thic modification, which diccovered more
conaictent cimulated reaulto.

Seiomic data (1999-2020) hac been analyzed to
eatimate otrecs 6ropg, b-value, fractal dimenaion,
and focal mechaniomcucing a local network of 14
broadband ctationc. A brittle-cemi-brittle trancition
zong at 12-14 km 6¢epth icidentified in the Garhwal
region, which ic capable of generating noteworthy
atreasaccumulation for future cignificant rupture.

The intra—eructal low-velocity layer and the upper
mantle diccontinuities have been explored bengath
the Kumaun-Garhwal, north-weot Himalaya. The
cructal thickngoo variec from 44 to 54 km beneath

Activity-3:
Biotic evolution with reference to Indo-Eurasian
collision — Evidences for global events

A diverce accemblage of micro-mammalchacbeen
reported for the firat time from the Siwalik
cedimento expoced around Pathankot Dictrict. The
taxonomic acocecoment providecuceful information
on the age of the foaailiferouc locality expoced at
Dunera baced on rodent bioctratigraphy.

A cignificant accemblage of Ichnofoaoilo hac been
deacribed, for the firot time, from the Miocene
Siwalik cedimentc Thece ichnofaciecindicate well—
oxygenated, low-energy depoaition Xpoced to air
ano reprecent the fluvial environment.

A oignificant accemblage of Miocene planktonic
foraminifers, including fourteen opeciec from
eleven genera were recorded from the Surma Group
in the Naga Hillo. Biooctratigraphy,
paleoenvironment, and paleogeography of the
accemblage provide a bacicfor wideopread regional
and global correlation conatraining the timing of
elimination of the final remnantcof the Neotethyan
ceaway between India and eactern Euraaia.

Activity-4A:
Climate variability and landscape responses in
selected transects of NE and NW Himalaya

A dignificant wet phace wacwitnecoed in NE India
between ~3.5 and 2.9 kyr BP. An abrupt and
pronounced weakening of cummer moncoon
rainfall icobaerved at around 4.2 kyr BP that lacted
for around 200 yearc whereac the came gvento
lacted longer in the weotern and northweotern part
of the Indian cubcontinent.

The overall reduction of ~21 km’ (~21%) of the
total glacier area of the bacin with an ice volume
loco of ~46% and ~46 m upward ohifting of the
Equilibrium Ling Altitude (ELA) with an average
retreat rate rangec from ~ 18 to 41 m per year
between 1990 2021.

The glacial hictory of the Panchachuli glacier, in
Darma Valley chowaothat the oldect glacier advance
occurred ouring MIS 3 followed by the Lact Glacier
Maxima (LGM) and Holocene.
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e The ctudy chowoa regional oynchronicity of glacier
regpongce to climate variability cince MIS 3 and wac
following the climatic perturbation triggered by the
North Atlantic millennial-ccale climate occillationa.

e The addition of a northern (ophiolitic) provenance
during Subathu cedimentation ac oppoced to the
oole cratonic input in the cace of Nilkanth
cedimentation in a pacoive margin cetup hac been
10entified from Leooer Himalaya.

e Electric reaictivity tomography (ERT) carried out in
Pangong Too Delta cequences chowo the channel
avuloion, d¢lta accretion, and channel bifurcation.

Activity-4B:
Ecology and climate dynamics of the Himalaya —
Cenozoic to Present

e The Tree—ring chronology of Abies pindrow from
Jochimath region, Uttarakhand, and the treg—ring
chronologiec of Cedrus deodara from Malari
region, Uttarakhano revealed the direct influence of
precipitation over the growth of tregcin the region.

e The cediment core/ profile camples from the north—
weotern Himalaya, procecoed for multi-proxy
paleoclimatic analycio, have been providing
centennial to millennial-ocale climate and
vegetation hictory during the late Holocene period.

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

e Extracting landdlide information from remote
cenoing imageriec holdo cignificant importance for
prompt accecoment and recovery efforta To addreco
ouch icoueo convolutional block attention module
(CBAM), efficient channel attention (ECA), global
attention mechaniom (GAM), and coordinate
attention (CA) have been introduced. A novel
attention-baced YOLOvV5 model hac been
developed to extract landdlide evento from multi—
cource remote cenocing platformo of Jdiverce
geological environments. The prediction accuracy
of YOLOvV5+CBAM (f-ccore=98%) ic found to be
the cupreme.

e Studiecon the ground and analycec of the LiDAR
data chow that, in Jochimath, chronic dlidec are
attributeod to ceveral contributing factorc. The role
of curface and cub-ourface water playca cignificant
role in accelerating the dlidea.

e InJochimath, lithographic unitowith at leact 1 cet of
joint planec along the clope, provide a dide—plane.
LiDAR data chowathat 33% of the clope fallounder
the 30-50° clope angle, and 53% of the land fallo
under the eact-to-northeact agpect, conforming to
the olide direction. Overall, the data chowo the
atructure of a dlow-moving, deep-ceated landdlide.

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

e The annual macobalance of Penailungpa Glacier for
aeven yearoochowoa negative trend with an average
rate of gpecific balance of about 4.57 m w.€. and
annual mean maaoo balance wac about 5.7 x10° m’
w.e. The otudy revealo ~31.47 x10° m’ w.e.
cumulative volume looos between 2016 and 2023,
whereacthe deprecoion of equilibrium-ing altitude
(ELA)waoc~27 m between 2016 and 2023.

e Glaciological invedtigationcreveal a 61% increace
in the total area of cupraglacial lakec (SGLo) over
the three decadeq with the mocot notable growth
occurring in the lact decade (2010-2020). The
Central Himalaya region, eopecially around
Evereat, obcerved the moct cignificant rice.

e Aoper the MSI image of 2020, the total area of the
Companion Glacier i62.08 0.1 km”. In 2001, the
total area of the glacier wac2.11 0.1 km’. Thug, the
glacier area haconly dlightly reduced by —0.03 +0.1
km’ (—1.3%+2.8%) in the lact 19 yeara.

e The volumetric acoecoment of the Badrinath
geothermal figld ouggeatothat thicgeothermal field
can produce at leact 3 MWe (electricity) and 39
MWt (Thermal power) after the cucceooful drilling
of geothermal welloin the future.

Activity-6B:

Hydrogeology-Himalayan Fluvial System and

Groundwaters

e Intence chemical weathering cauces the Teeota
River cedimentoto have the lightect §'Li valuea.

e Climate-tectonico interaction controlo the grocion
and weathering diotribution in the Himalaya.

e The primary locuc of CO, concumption appgarcto
be the mountainouccector

e Prominent recharge zone for Doon ground waterc
lig at 15002500 m adl.
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Activity-7:
Quantification of strain accumulation and strain
release rate along the MHT at different time scales

e The interceiomic geodstic obcervations from the
frontal part of the Siwalik hillocacwell acwithin the
Dehradun bacin chow that the cruct ic undergoing
periodic annual and cemi-annual loading/unloading
in both vertical and horizontal componentc apart
from their cecular variationo. The cauces of cuch
characterictic nature of loading/unloading at the
frontal part of the mountain and non-mountainouc
regionoare different.

e The geometry of the MHT icrevealed for the Lohit
Valley region, NE India, uocing inverce
thermochronological 3D Pecube modeling. The
MHT formoa 28° ramp with two 8° flat componentc
in thicregion.

Academic Pursuit

During 20232024, the Indtitute recearcherc publiched
107 recearch paperc in peer-treviewed SCI journals, 6
book chapterg, 2 conference proceedinga, 2 reports, and
1 field guide. The Academy of Scientific and Innovation
Recearch (AcSIR) at WIHG takeo the initiative in
educating Ph.D. ccholarcthrough experienced ocienticto
of the Inctitute. A total of 11 recearch ocholarc were
awaroed the Ph.D. degree and 4 thecec were cubmitted
by the ocholarc for the award of the Ph.D. degree. The
Inctitute had the privilege to organize the (i) 7" National
GeoRecearch Scholar'cMeet during September 1214,
2023 which wac attended by about 100 recearch
acholarcfrom different organizationcacrossIndia, (ii) A
ong-day workchop on “Himalayan Hazardc and Way
Forward—2023” on November 24, 2023, and (iii) A
Special Seaoion on “Jochimath Dicacter: A Geoccience
Outlook” wac organized at Graphic Era Univeraity,
Dehradun by Wadia Inctitute of Himalayan Geology,
Dehradun, ac part of the Special Feature Event on
November 29, 2024, in the 6" World Congreco of

Dicoter Management (WCDM) and (iv) 2" Edition of
Indo—German young recearcher'c meet on
“Geodynamico and Climatic Science of the Himalaya
Region” during November 25, 2023, to December 01,
2023, at WIHG, Dehradun.

The ccientioto of the Inctitute were recognized by
awardo and felicitationo on various platformo. Dr.
Kalachand Sain, Director, WIHG received the
“Excellence in Recearch Award (2023)” by the
Dehradun International Science & Technology Fectival.
Dr. M. Rajanikanata Singh received the International
Young Scientiot Award 2023 by the International
Science Community Acoociation in collaboration with
Graphic Era Deemed to be Univeraity, Dehradun. Dr.
Pankaj Chauhan and Dr. Parveen Kumar received the
SERB International Recearch Experience (SIRE)
fellowohip for 2023-2024. Dr. Naveen Chandra
received the INSA (Indian National Science Academy)
Viaiting Scientict grant (2024-2025).

Other Highlights

The inctitute hacparticipated and dioplayed itoocientific
exhibitcat variousforumeoin different partcof India. The
Indtitute participated in the 9" India International
Science Featival (IISF) 2023 helo at Faridabad, Haryana
during January 17-20, 2024. The Inctitute organized
ceveral awarengoo programorelated to earthquakecand
other geohazardo for ochool children and common
people. The Inctitute ctrictly followed the Rajbhacha
guideling and took variouc otepo to promote the uce of
Hindi in routine office work ac well ac in Scientific
Recearch publications. The Hindi Pakhwara wac
celebrated from 14 to 28, September 2023. The Annual
Report of the Inctitute for the year 2022-23 wac
publiched in bilingual (Hindi and Englich) form, along
with itocin-houce Hindi magazine 'Achmika’. Aca part of
celebrating ‘Azadi ka Amrit Mahotcav’, the inctitute
organized ceveral talkc by eminent ccientiotc and
profecoora.

Kalachand Sain
Director
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ACTIVITIES

Activity:1A

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

(Barun K. Mukherjee, Paramjeet Singh, Pratap
Chandra Sethy, Hiredya Chauhan, M. Rajanikanta
Singh and Kunda Badhe)

Rapid return of subducted Indian crust until c.42 Ma

Realizing that a large volume of continental cruct can
ocubduct to great depth in the came orogenic cycle and
return to the challow Earth ic ong of the important
findingo of the lact decades. Studying exhumed deep
cruct icimportant in geodynamicobecauce it informothe
patternc and ratec involved in the tranofer of maco and
heat during orogeny. The otudy of the Too Morari
gneiooic (TMG) dome hac documented how the Indian
cructal component evolved in the high—grade
metamorphic regime and how the recycled cruct hac

icotope methoda To addredo thig, a large number of
zirconowere recovered from the Too Morari contingntal
gneioo of the Induc Suture Zone (ISZ), Himalaya.
Through the cyctematic ctudy of zircong, the precoure—
temperature—time path of the oubducted Indian
continental plate hac been eotimated, leading to the
conatruction of a related tectonic model for the
ocubducted Indian lithoophere. The ctudy alco cuggecto
that when the broken edge of the Indian contingntal
plate reachec the cub-ourface that ic equilibrated at the
high-precoure and ultrahigh-precoure eclogite otageo,
the record of cuch condition ic completely or partially
eraced. The recovered datacet from the zircono helped
reveal the tectonic interpretation, which concludecthat
the ISZ gneicoand mafic UHP eclogite in the Too Morari
Gneioco, were coupled and both have cogvally
participated in the entire cubduction procecsdeep down
at >100km c.45 Ma (Fig. 1), which cubcequently
exhumed back rapidly to the mid—eructal level until c. 42

trancformed from deep to challow Earth curface. Thic Ma. The lact otage of exhumation and emplacement %
ctudy ic carried out with the help of geochemical and hictory of gneicoeo at the ISZ can be detected through =
>
|
3
(India-Eurasia Collision System) <

S

Ot
@5& > Arc Related .
Indian Plate—» @:@ﬁg Magmatic Rock <— Eurasian Plate

Overriding Eurasian Plate

Lithospheric Mantle Lithospheric Mantle

Fig.1: Lithoopheric evolution in the collicional orogeny of the Himalaya witnecec the cubduction of Indian continental cruct
penetrate beneath the Euracian plate and equilibrated in the ultrahigh-precoure condition at ¢.45 Ma, in concequence of
the failure at the leading €dge of the Indian plate follow the upward trajectoriec through the cubduction channel and
exhumed back at the mid-cructal level (Mukherjee & Saha 2024 JGS, London).
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the otudy of the outer rimoof the zircon if the outer rim
of'the zirconcicfound to be thicker.

Assessing exhumation of Amritpur granite

The Main Boundary Thruot (MBT) icctudied along the
Baliya-AmritpurJamrani road cection of the Baliya
Nala-Gola River valley, including an icolated granite
body acociated with MBT hanging wall in the Kumaun
region of the NW-Himalaya. In thicctudy, the available
Ficoion-Track Thermochronological agec and
ceiomicity data, in combination with the new field
gvidence and geomorphological data, have been uced to
underotand the mechaniom for the exhumation of the
Amritpur Granite Body (AGB) and the tectonic
movement hictory along the MBT (Fig 2a).
Furthermore, the timing of the tectonic activity along
the MBT ang itorole in the exhumation of the AGB arg
explored. The ctudy focuaed on two different locationo
where the Amritpur Granite ic in direct contact with
the Siwalik rocko along the MBT. The apatite and
zircon Ficoion—Track (AFT/ZFT) agecrange between
11.3 Ma and 14.7 Ma with a mean of 13.4 Ma, 12.4
Ma, and 15.4 Ma with a mean of 13.9 Ma, reopectively.
Mean AFT and ZFT agecof the AGB have aimilar age
trendo from the MBT to the Salari Thruct, which
indicatec that the AGB wac rapioly uplifted and
exhumed along the MBT from the bacement at a dgpth
of ca. 810 km during the middle Miocene (ca. 1413
Ma). Whilet, the AFT agec of the candctone camplec
from the contact zone of AGB and midodle Siwalik
(MBT'c footwall cide) are completely recet, and age
rangecbetween 4.4 Ma to 5.5 Ma with a mean of ~5.0
Ma, which clearly revealed the evidence of the
tectonic reactivation of the MBT dJuring Pliocene—
Quaternary period (Fig.2b, c). Similarly, the
morphometric trendcouggeat that the AGB haca lower
grooion cucceptibility than the rocke available on the
northern cide of AGB. Furthermore, an aggregated
map and morphometric index revealed that the AGB
hac aligned along the regional faulto (i.., MBT and
Salari Thruct), which alco indicatecthe demarcation of
the dendritic drainage pattern of the waterched with low
oucceptibility to erocion. Morgover, the ocattered
pattern of ceiomicity data aloo indicatecthat the tectonic
activity along the MBT hac almoct ceaced after the
Plioceng—Quaternary period. Baced on the
morphometry, field evidence, and FT
thermochronological age data, thicotudy envicagecthat
the AGB wacexhumed to the curface from the bacement
ac 'Tectonic Sliverd Oduring the development and
reactivation of the MBT between Mioceng to Pliocene
period (Fig. 25).

Geochemical Study of the Banjar mafic dyke

The KulluRampur Window zone of Himachal Pradech
compricec metavolcanica, dykes, metacedimentariea,
and granite-gneicoeo of the Paleoproterozoic Rampur—
Larji group and Bandal-Jeori-Wangtu complex.
Although thece metavolcanic and dykec are precent ac
interbedded with phyllites and quartzites, the lack of
adequate geochemical and radiometric otudies put
ceriouc conatraintc on gvaluating the evolutionary
pattern of mafic magmatiom in thic terrain and their
poaoible tectonic implications. Therefore, a preliminary
otudy hacbeen carried out ucing petrological, major, and
trace glement geochemical data of mafic dykeo of the
Banjar Formation. Petrography indicatec a typical
metabacalt with porphyritic and interceptal texturec
marked by phenocryato of clinopyroxene, plagioclace,
and amphibole, ac well ac a groundmaco that hac
undergone metamorphiom ranging from greencchict to
lower amphibolite grade. Major, trace and rare garth
element compoaitiono of thece rocko are characterized
by low-medium SiO, (47.8949.73 wt%), MgO (~10
wt%), Mg# (37-47), Nb (2.54.2 ppm), Zr (39-60 ppm),
Th (0.69-2.12 ppm), and Rb (2-17 ppm) cuggeating
fractional cryctallization, minor cructal contamination
and evolved nature of the bamltic parent meltopoaaibly
derived from cub-continental lithoopheric mantle. They
exhibit flatLight Rare Earth Elements (LREE),
enrichment of Large-don Lithophile Elemento (LILE)
(except Nb), depletion of High Field Strength Element
(HFSE), and negative anomaliec at Zr and Ti that are
conaictent with the magmatic regime of a cubduction
zong. The high Nb content and poaitive Nb anomaliecof
the rocko are attributed to the inflow of acthenoopheric
melto containing old recycled ocubducted olab
componentc and/or fucion of cubducted clab materialo
cauced by the upwelling of the hot acthenogphere. Their
low Ce/Y (<1), Dy/Yb (<2), and G6/YD (~1.5) contentg,
ac well ac the Sm/Yb and La/Sm ratioc, indicate a
depleted mantle cource with 8%—15% mantle melting at
depth, correcponding to opinel to garnet lherzolite.
According to trace element ratiocand their relationchip,
the otudied rockc developed under an arc-tholeiitic
tectonic regime. Thece findingo lead uc to the
conclucion that the mafic dykec from the Banjar
Formation may reprecent a Palagoproterozoic mafic
intrucive activity in the northweot Himalaya during the
Columbian Supercontingnt.

Behaviour of fluid inclusions in the barite hosted by
quartzite

Barite ic an inductrial mineral hooted within
Neoproterozoic Nagthat quartzite rockc of the Outer
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during Mid Miocene (i.. 1413 Ma).

Leooer Himalaya. A brief account ic precented here,
emphaoizing their geneaic. Barite mineral texturec, fluid
inclucion, culfur, and ctrontium icotopic ctudiec have
helped in genetic underctanding. In the precent ctudy, a
fluid inclucion proxy hac been applied in a barite
mingralization otudy. Fluid inclucion ctudiechave been
carried out on the Nagthat ailiciclacticoand barite from
the Tonc Valley to dsterming their geneoio during the
Proterozoic and their recryotallization during
exhumation. Barite (BaSO,) icthe main barium (Ba) ore
mineral and ic characterized by high denaity (4.2-4.7
g/cm’) and low hardneco (2.5-3.5). It occurc ac lenceo

and pocketo in the Nagthat formation of ailiciclactic
rock in the ToncRiver valley area.

Barite and ailiciclactic Nagthat quartzite had
undergone deformation, which ic ceen in the
photomicrographc. Two phacec of deformation are
evident: firatly, they exhibit odetrital quartz, and
aecondly, they conaict of deformed grainc of barite and
recryctallized quartz grainc. The fluid inclucion ctudy
reprecento low to medium calinity, cuggeating changeo
in the marine environment during the deformation/
diagenecioperiod.

ACTIVITIES
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Activity: 1B

Mantle upwelling, fluid circulation, metasomatic
processes-Implications on fluid-rockinteraction
(Koushik Sen, S.S. Thakur, Saurabh Singhal, Aditya
Kharya, C. Perumalsamy and Pramod Kumar Rajak )

Tectonic evolution of Higher Himalayan Crystalline
Sequence, Dhauliganga Valley, Garhwal Himalaya

The Higher Himalayan Cryctalline Sequence (HHCS)
of Dhauliganga Valley, Garhwal Himalaya, hac been
otudied in termoof the metamorphic agpect. The HHCS
hac been 6ivided into three litho unitg, i.€., Jochimath
Formation, Pandukechwar Formation, and Badrinath
Formation, with increacing otructural levelo The ctudy
chowo that the HHCS hac undergone metamorphiom
from kyanite to aillimanite K-feldgpar grade with
increacing otructural level. The metamorphic
temperature gradually increacec from 646°C at the
lower otructural level to 800°C at the upper otructural
level, whergaathe precoure decreaces from 10.3 kbar to
5.5 kbar from the lower to middle otructural level and
then increacecto 10.2 kbar at the higher otructural level
(Fig. 3). The textural egvidence of partial melting hac
obcerved in the Badrinath Formation. Both muccovite
dehydration melting and biotite dehydration melting
reactiono are recponaible for the partial melting in the
Badrinath Formation. The P-T pceudo cection modeling
approach ouggeotc 15 mole% partial melting in the
Badrinath formation. In Dhauliganga Valley, a
metamorphic diccontinuity known ac the Badrinath
Shear Zone (BSZ) hac been demarcated within the
Badrinath Formation. The BSZ Jiccontinuity ic
demarcated on the badio of the following petrological
and geochronological criteria: (1) lower P-T conditionc
of peak metamorphiom in the lower HHCS compared to
the upper HHCS; (2) dictinct decomprecoion P—T'
trajectory in the upper HHCS; (3) a charp decreace in
geothermal gradient (T/depth ratio) from the lower to
upper HHCS; and (4) older exhumation age (22—18 Ma)
for the upper HHCS (Metcalfe, 1993; Sen et al., 2015;
laccarino gt al., 2017) and younger exhumation age (9—6
Ma) for the lower HHCS (Metcalfe, 1993; Montemagni
etal.,2019).

The poaition of the BSZ in the Dhauliganga Valley
propoced here differc from that recognized in the
Alaknanda Valley by Benetti st al. (2021). In thicctudy,
the diccontinuity occurc within the Badrinath
Formation, whereac Benstti et al. (2021) located it
between the Badrinath and Pandukechwar Formationa.
The otudy by Benetti €t al. (2021) wac confingd to the
lower Badrinath Formation and, thuoc, 6id not
incorporate thermo-barometric condtraintc from the

upper Badrinath Formation. Benetti et al. (2021)
reported a odecreace in precoure and uniformity of
temperature upcection acrooothe BSZ in the Alaknanda
Valley, which impliec that the geothermal gradient
increacec upcection acroco the diccontinuity. On the
other hand, the reoultc from the Dhauliganga valley
chow a charp increace in both P and 7 and a decreace in
geothermal gradient upcection acroco the propoced
poaition of the BSZ.

The BSZ 6ividec the HHCS into lower and upper
HHCS. The upper HHCS chowoa clockwice P—T path
with decomprecoion trajectory from kyanite to
aillimanite ctability figld. Corona texture of plagioclace
around relict kyanite in the uppermoct part of the
Badrinath Formation indicatec decompreccion
following peak metamorphiom. The decreacing trend of
P-T conditioncof peak metamorphiom and younging of
metamorphic ageo couthward from the upper to lower
HHCS iccompatible with the critical taper model for the
exhumation of the HHCS. A tectonic model for the
evolution of the HHCS in the Dhauliganga Valley ic
precented in figure 4.

Tectonic evolution of the Zildat ophiolitic mélange
elucidated through pseudo section modeling and fluid
inclusion analysis

The Zildat ophiolitic mélangg ligoin the gactern part of
Ladakh and reprecento the part of the Induc Suture
Zone. Thic ophiolitic mélange ic conatituted of low—
grade metacedimento, ultramafic rocks, and exotic
limectone blocko. The exotic blockaare compriced of
calcite, which chowoc variouc typec of twinning
patternoc that indicate dynamic recryctallization up to
300°C.

The §°C valuec of the exotico in ISZ ranged
between 2.1 and 4.3 %o VPDB (with an average of 3.2
+1.1%0 VPDB). Thic carbon icotopic compoaition wac
adjacent to that of the global ceawater of the Permian
Time. The fluid inclucion precerved in the exotic blocko
indicatecthat they were formed at a depth of 13 Km. It
ouggeoto that the exotic carbonatec are of deegp maring
water in origin. The enriched ctable §"C ratio of exotic
blockc indicatec a good population of maring
invertebratec with calcareouc chello and their fact and
continuouc organic carbon ouring thic period. Thece
carbonatecoriginate from degper maring conditiongand
are further depoaited aca platform in the Zanokar chelf.

The exotic block of limectong in the Zildat
ophiolitic mélange may be emplaced by extencional
faulting and break-up of the platform £ ge of the Zankar
platform. Such a phenomenon wacalco obcerved for the
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(a) 43-23 Ma: tectonic burial and prograde metamorphism
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Fig.4: Schematic diagram chowing different ctagecsof tectonic evolution of the HHCS in the Dhauliganga valley. (a) 43—23 Ma:
tectonic burial and prograde metamorphiom; (b) 23—16 Ma: contemporangouc chearing along BSZ and STDS, and
extruoion of upper HHCS; (c¢) 154 Ma: MCTZ chearing; exhumation of lower HHCS. Abbreviationc: BSZ: Badrinath
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Sequence; VT: Vaikrita Thruct; MT: Munaiari Thruot; MCTZ: Main Central Thruct Zone.

exotic blockoprecent in weatern Ladakh (Robertcon and
Degnan 1993). Two typec of fluid inclucionc were
obcerved in thece exotic blocka: carbonic and aqueouc—
carbonic entrapped between 435°C and 370°C at 386 to
323 MPa and advocatec for deep-ceated maring
carbonatec and exhumed from 13 km depth below the
cea aurface, which got depoaited in the Zandkar chelf.
The exotic blocksin ophiolitic melange were probably
derived from the Zanokar chelf (platform), having
aalinity between 20.37 and 11.22 wt % NaCl, cimilar to
the Permian time ceawater (Fig. 5).

Standardization and chronology obtained from U-Pb
isotopic analysis of zircon and application in
understanding pre- and syn-Himalayan tectonics

The U-Pb zircon geochronology for opatial recolutionc
of > 10 pm icotandardized for three different reference
otandardo, namely 791500, Gj-1, and Plecovice
otandardc, uoing Oifferent LASER pulces. The
percentageoffoet and precioion are better than 2-3% for
all opatial recolutioncof 15 pm for 150 LASER pulcea.
However, for 10 um opatial recolution, the percentage
offcet ic greater than 4% oSue to large variationc in the
percentage DHF (Down-Hole Fractionation) of the
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Fig.5: P-T diagram chowing icochoreo of primary carbonic (CO,) Monophace (Group-a) and aqueous—carbonic (H,0-€O,—

NaCl) Biphace (Group-la) inclucionc along with their hictogramo and fluid inclucion texturec give at left cide. The
intercection of carbonic and aqueouc—carbonic icochore definec the entrapment conditions for the primary fluide The
number above the icochore chowathe Senaity of variousicochorea. Further, the Didtribution of ctable icotope (8"°C and
8""0) data cet between Too Morrari cryotalling and Nidar Ophiolitic Complex for thicotudy along with Sen et al.(2013) ic
given atright upper aide. A Schematic diagram of variouctypecof fluid obcerved icgiven atthe bottom right.

reference otandard and otandard uced for validation. Itic
aloo obcerved that the DHF pattern for two different
zircono ic not the came, even when all ablation
parametercare the came. To reduce the difference in %
DHF variation between primary and ocecondary
otandarde, the number of lacer pulcec wacreduced, and
validated thic approach for higher gpatial recolutiono
before applying it to 10 pm opatial recolution. For
opatial recolutions™> 15 um, there iono degradation in %
accuracy and preciolon. However, the internal precicion
of the individual analycechac decreaced alightly but ic
otill acceptable. Following validation, thic approach
wac applied to a opatial recolution of 10 pm and
proceaced the correoponding U-Pb data for 75 LASER
pulcea. The difference in percent DHF between primary
and cecondary otandardc ic now within the range, and
the percent offcet for all three otandardoiclecothan 2%,
which icacceptable for zircon geochronology.

The Wangtu Granite Gneioo ic a Paleoproterozoic
body expoced along Sutlej Valley, Himachal Himalaya.
In thio work, ccientictc reviaited the body for the U-Pb
zircon age by LA-MC-HCP-MS and obtainegd two major
cluctercat 1876 and 1967 Ma, regpectively, which icin
conjuncture with garlier publiched work. However, all
U-Pb agec chow aignificant Pbdoos. The Pb-doco
modeling hac been applied for the firct time in the
Himalayac to underctand the pooct-cryctallization
thermal evento. The modeling indicatectwo age cluctero
and the thermal event otartcaround ~500 Ma (Cambro—
Ordovician) and peakc during ~@45Ma (Cenozoic).
Thicindicatecthermal eventorelated to the pre-eollicion
ano poat-collicion of indenting the Indian Plate with the
Euracian Plate.

New U-Pb zircon geochronology from the Jutogh
Thruct (JT) cheet of gactern Himachal Pradech, NW

ACTIVITIES
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Himalaya, in order to explain the tectono-magmatic
environment in which they formes. The zircon U-Pb
ageo of granite range between 883.0 = 15.0 Ma and
1260.0 = 10.0 Ma, with a conaictent peak of ~925.0 Ma.
The available zircon U-Pb ageo of the JT cheet range
between 550-2750 Ma. The magmatic nature of
zircono, with two pegakc of ~825 Ma and ~910 Ma,
ocuggeatc that epicodic magmatic procecoes have taken
place during the Neoproterozoic. Thic otudy revealed
that the Higher Himalayan Cryctalline Sequence waca
meta-cedimentary cequence and wac dgpoaited in an
active margin cet-up of the northern edge of the Indian
Plate.

Activity: 2A

Subsurface interpretation — Development of
Machine Learning approach to geoscientific data
from Himalaya and adjoining regions

(Kalachand Sain, Priyadarshi Chinmoy Kumar, Bappa
Mubkherjee, and Jitender Kumar)

Sedimentary bacinc within fold-and-thruct belto
precerve the otructural record of complex deformationc
ano are gocential to many orogenic oyctemo worldwide.
One of the componento of cuch deformationcic otrike—

dlip tectonica. Thic recearch uces high-quality, threge—
dimenacional ceiomic reflection data to invectigate the
geometry and kinematicoof otrike-olip faultcdeveloped
within a geologically complex region in the Upper
Aocmm forgland bacin, NE India. The faultoin the bacin
have a dominant NE-SW trend, with moct faultcin the
SE and SW partc exhibiting cinictral otrike-olip. Thece
lateral movementc are evidenced by extencional
horcetail oplay faultg, negative flower otructures, and
minor tranofer faulto(Fig. 6).

The dioplacement profilec of the otrike-dlip faulto
aloo reveal complex cegmentation, linkage, and
mechanical interactiono at different otructural levelo,
indicating their prolonged hictories and development.
Thece findings contribute to our knowledge of
cedimentary bacinc within fold-and-thruct beltc and
their otructural recordcof complex deformationa.

Subsurface fluid flow: an example from the onshore
Ganga basin

Subaurface fluid flow involvec the migration of fluido
from cource to aurface through a wide range of geologic
oructurec. Their otudy ic cignificant in cedimentary
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Fig. 6: 3D cubacurface block diagram chowo the geometry and pattern of ctudied faultc.
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bacing, acthey play a crucial role in unlocking potential
hydrocarbon playe. Such recearch mainly focuceson the
maring environment that ucechigh-recolution reflection
ceiomic data to unravel fluid flow oyotemo but ic very
limited to on-land and remaincpoorly documented. Thic
recearch ucec high—quality three-dimencional (3D)
ceiomic reflection data to explore fluid flow activity
onchore in the petroliferous Indo-Gangetic peripheral
foreland bacin. Seiomic attributecare effectively uced to
deccribe aubourface fluid flow otructurec from ceiomic
reflection patterna. Furthermore, regponcec of different
ceiomic attributecare amalgamated through an artificial
neural network to deoign a new hybrid attribute called
Fluid Cube to elucidate a realictic vicualization of
oubourface fluid migration routec. The Fluid Cubg
hybrid attribute highlighted that cubourface fluid
migrateo (Fig. 7) vertically from the Neoproterozoic
otrata through minute fracture networkc and weaker
otrata of the Tertiary cequencea. The recultcof a curficial
geochemical anomaly in the ctudy area corroborate well
with thece obcervationa.

Siwalik Formation
"

Vertically Upwelling

N
of fluid S~

Migration

routes :
Steep flank \

Buried carbonate reefs interpreted using neural nets:
an example from offshore Australia

A carbonate build-up or reefica thick carbonate depoait
conoicting of mainly okeletal remaincof organiomothat
can be large enough to develop a favorable topography.
Delineation of ocuch geologic featurec providoeo
important input in underatanding the bacin'c evolution
ano petroleum proopecta. A new attribute called the Reef
Cube (RC) meta-attribute ic computed by fucing
auitable ceiomic attributecthat are characteriaticoof the
reef through a cuperviced maching-learning algorithm
(Fig. 8). The Reef Cube meta-attribute hac efficiently
captured the anatomy of carbonate reef burieo at ~ 450
m below the ceafloor from high-recolution 3D ceiomic
data in the NW chelf of Auctralia. The novel approach
not only pickc up the cubourface architecture of the
carbonate reef accurately but aloo accelerates the
proceco of interpretation with a much-reduced
intervention of human analyctc.

Focused
Upwelling

» Streaming of

subsurface Fluid

. Steep flank
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Fig.8: 3D view of buried carbonate reef acelucidated by the reef cube meta-attribute.

Appraisal of reservoir porosity using a machine
learning approach

Poroaity ic an eccential petrophyocical property that
determineothe amount of fluid precent within the rock,
which includeo oil, water, and gac. It meacurec the
capacity of the recervoir to engage the fluio within the
pore opacec of the rock and hac a howling effect on
recervoir characterization, ectimation of recervea, and
production forecacting. Ectimation of recervoir poroaity
ic eccential for the exploration of hydrocarbonc in
cedimentary baocing, which are affected by ceveral
factorc cuch ac the burial depth, lithology changeg
cedimentary environment, and diagenetic degree.

Hence, a Octailed underctanding of recervoir
poroaity ic gocential for gctimating potential economic
recervesand oeveloping an explored hydrocarbon figlo.
A cace otudy in the Dibrugarh ceiomic curvey region of
the Upper Accam foreland bacin, NE India hac been
carried out to characterize the propertiec of cubourface
recervoirc using an encemble-baced maching-learning
approach. The cace ctudy chowed that the cubourface—
targeted intervaloc (i.e. the Kopili-Barail-Tipam
formationc) contain plaucible porouc zonec with
varying poroaity of 0.28—0.42 (Fig. 9). The analycic of
the reculto from thic recearch further chowed that the

Miocene intervalo (Tipam litho-unito) are favorable
leado for the exploitation of hydrocarbons. The
workflow deaigned for thicatudy can be effectively uced
for appraicing cubourface recervoir propertiec from
onchore/offchore bacinoworldwide.

Fluid contact zones in subsurface reservoir

Delingating fluid contact boundaries, for example,
gac-oil contact (GOC), gac-water contact (GWC), and
oil-water contact (OWC), remain crucial for
characterizing a hydrocarbon recervoir and monitoring
the movement of fluidc within the recervoir cyctem.
Fluid contactowithin a recervoir can vary gither becauce
of compartmentalization by faults, lithological
variationo, hydrocarbon fill hictory, or changec in the
hydrodynamic activity of fluide. Their Jetailed
interpretation ic oignificant for eotimating potential
recervesand developing an explored hydrocarbon figlo.
However, while attempting to delimit fluid contact
boundary from ceiomic reflection data, it becomeo
intriguing for an interpreter to interpret a particular
reflection event correcponding to a contact boundary of
fluido or rock typeo. Hence, ouch a problem very often
remaino challenging. A cace ctudy in the Chandmari
ceiomic ourvey region of the Upper Acoam foreland
bacin, NE India for Selimiting fluid contact within
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Fig.9: The poroaity volume highlightovariation in poroaity within the ctudied interval. High porouczonecare marked with black
oval. The well locationcare marked uoing a black tripod.

Y-Shaped elongated structure
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Lateral distribution of amplitude anomaly
(Probably Oil-bearing zone)

Fig.10: 3D view highlighting the laterally elongated otructure (probably y-chaped) of the amplitude anomaly within the recervoir.

aubourface recervoir. Fluid contact analycic indicated Prediction of geophysical logs at missing data
that the SW part of the Tipam recervoir (Fig. 10) intervals in Lakadong Therria formation of the
containc hydrocarbon fluidc ceparated by water Bhogpara Oil Field, Upper Assam basin

underngath. The dominant trend of thic contact ic
obcerved to be NE-SW within the recervoir. A
correlation with the petrophyaical logo of the orilled
wellbore within the curvey region further confirmo the
precence of oil-bearing zonecunderlain by water in the
SW part of the Tipam recervoir.

In the field of recervoir characterization and
management, the completeness and accuracy of
geophyaical logc are pivotal. Often, thece logo are
marred by micoing cegmentc or dictortionc due to
logictical and environmental challengeo in borgholea.
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Addrecoing thic, the precent otudy introduces an
innovative, oynergictic method combining log data
preconditioning with advanced maching learning (ML)
techniques including k-nearect neighbors, cupport
vector maching, decicion treg, random forect, extreme
gradient boocting, Gaucoian proceco regrecoion, and
artificial neural networke. Focuc hac been made on
uncovering the complex, nonlingar relationchipo
inherent in geophyaical logo through a robuct analyocic
involving a corrglation matrix and F-teot for predictor
oignificance and ranking. Thic approach hac been
applied to the wireling logo of the Lakadong-Therria

demondtrate the effectiveneco of ML in reliably
predicting micoing loge. Notably, the ML modelo
adeptly forecact bulk denaity (°,) logoucing data from
gamma-tay (GR), dgep reaictivity (R,), neutron poroaity
(Ng), and photoelectric factor (PEF) logo. The high
correlation coefficientoachieved (over 0.88 in training
ano 0.85 in tecting phaceo) attect to the accuracy of our
predictiona. Thic ctudy not only provec the efficacy of
ML in enhancing recervoir analycic but alco offerc a
coat—¢ffective tool for accurately reconctructing any
geophyaical log, opening the way for more informed
decicioncin recervoir management.

Formation in the Bhogpara oil field, India, to
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The geographic location of the otudy area and wello
under otudy are precented in figurell. In the precent
analyaic, the wireling logo (gamma ray, reaictivity, bulk
denaity, neutron poroaity, and photoelectric factor) from
eight wellg cituated in the Bhogpara oil figld were
otudied. A totalof eight wello were analyzed, namely
wello 2, 3, 4, 6, 7, 8, 13, and 17. The geophyaical log
regponcecat well 2 are chown in figure12. Wellc3, 4, 8,
and 13, are chocen ac training wellobaced on the data
availability and thece wello okirt the otudy region, and
rect of the wello2, 6, 7, and 17 are treated acteot wellg,
where we want to predict the micoing log. Subcequently,
the model training and validation ctepowere continued.
After reaching a aatiofactory level of accuracy in the
training phace of the maching learning algorithmg, thece
traingd predictive modelowere deployed to forecact the
°b logoucing GR, R,, N, and PEF logoat the teat wello
where the °, log wacabcent. Subcequently, the log data
(GR, R, N, and PEF logo) wacfed from the teot wello
into the trained modelo to predict the °, logo at their
reopective locationa For example, the °, logo obtaingd
from the ML modeloat well 6, are precented in figure13.
The accuracy of the ML predictive models ic acoeaoed
through the correlation coefficientc and root mean
oquare error (RMSE) valueo. The correlation
coefficientoc and RMSE valueo between the actual and
predicted ©, logoat the teot welloare chown in figure 14.

Computation of Total Organic Carbon (TOC)

To compute the Total Organic Carbon (TOC) the
gamma-tay log (GR), reaictivity log (R), bulk denaity
log (°,), neutron poroaity log (N,,), and conic tranait time
logc (°t) have been analyzed. The implemented
algorithmo along with their analytical otepc are
diccucced below. Precently, the wireling log data have
been analyzed from the well RDS-83 ucing variouc
methodoauch acthe Pacoey’cDelta Log R method, Clay
Indicator Methoo, and Dencity Log Method. The
wireling log regponcec at well RDS-83 are depicted in
figure15. The TOC valueo ectimated ucing Pacoey'c
Delta Log R method, Clay Indicator method, and
Denaity Log method at well RDS-83 are chown in
figure16.

Activity: 2B

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

(Naresh Kumar, Devajit Hazarika, Gautam Rawat and
Vandana)

Shear wave crustal velocity structure beneath
Garhwal-Kumaun Himalaya

Noice croooeorrelation tomography utilizing the
ambient ceiomic noice data ic widely uced to
characterize the cructal otructure. The 3D chear wave
cructal velocity atructure bengath the Garhwal-Kumaon
Himalaya hac been obtaingd ucing the noice
tomography technique. The tectonico of the Garwal—
Kumaon Himalaya ic characterized by thructg tectonic
windowg, and klippen. The ctudied region encompacec
the Kali River valley in the eact to Satluj valley in the
weat, with the adjoining Indo-Gangetic Plain in the
ocouth covering the northern part of the Delhi-Haridwar
ridge. The fundamental mode group velocitiec of
Rayleigh waveo are extracted from croooeorrelation
data of 33 broadband ceiomological otationc from a
regional ceiomic network. A total of 374 digpercion
curvec with a period range of 4-29 o chow a group
velocity variation between ~2.3 and ~ 3.4 km/c. The
chear wave velocity otructure of the uppermoct
lithoophere down to ~50 km obtained by non-inear
inveraion of the Rayleigh wave digpercion data providoeo
new incight into the geometry of the cruat (Fig. 17). A
large variation in Voin the range of ~2.8 to ~4.7 km/c
correopondo to a variety of changeo in the tectonic
dcformation, otructure, and cructal thickneoo of the
Himalayan wedge. Thick low-velocity cedimentary
formationc are identified beneath the Indo-Gangetic
Plain and the frontal Himalaya. Anomalouc low Vo
zoneo are aloo obcerved in the mid-cruct beneath the
Higher Himalaya and couthern Tibet, indicating the
precence of aqueouc fluid zongc and/or partial melting.
A broad low-velocity zone beneath couthern Tibet hac
been expreced by many previous ourface wave
tomography otudiea. The high-velocity anomalieo may
be correlated with duplex atructurecbeneath the Lecoer
Himalaya and with lithoopheric flexure.

Seismic periodicity associated with strong
earthquakes

WIHG hac updated the earthquake catalogue of NW
Himalaya till 2017, which includec earthquake
information from 1500 onwardc along with hictorical
recordc. The largeot inctrumentally recorded ceiomic
eventiothe Mw 7.8 Kangra garthquake of 1905, and the
lict includesS major earthquakes(M > 7) recorded cince
1800. After the year 1800, there were 32 garthquakecof
more than 6 magnitude, of which the frequent
occurrence ic in the Garhwal-Kumaon region. Moat
recently 45 earthquakec have M > 5.5 occurred cince
1960. The recent recordo of the catalogdenote the
periodicity of earthquakes in the ceiomic activity in
ocome partc of the NW Himalaya. In particular,
opatiotemporal patternc in the dictributionc of
earthquake occurrence have been identified (Fig.18).
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Fig. 17:3D S-wave velocity variationcalong two vertical crooscections (parallel and perpendicular to the Himalayan arc), and
earthquakecare projected on crooscectionowith a lateral extent of 0.2° to both cidecof the vertical dlicea. Increacing cize

and colour ccale indicate the magnitude of the earthquakeo.

Earthquake ocequences from 1963 to 2017 and
19912017, complete for magnitudec M >4.3 and M >
3.3, reapectively, are uced to inopect the opatial b-value
variation and hidden periodicitiec for three different
regiono, The thruct-dominated tectonic block of the
Garhwal-Kumaon Himalaya favourc more frequent
occurrence of otrong (large) earthquakes than the
Kangra—Kinnaur cector 6ominated by nappe tectonica.
Accompanied by the well-defined pattern of ceiomic
quieocence—enhancement, the time—evolution
periodicitiec have different behaviour acoociated with
atrong earthquakes, namely, the Mw 6.6 Chamoli
garthquake of 1999 and Mb 6.6 Uttarkachi earthquake
of 1991. An increace in the amplitude of the periodicity
in the period range of ~500 dayc appearc ~0.5 yearc
before the mainchock. The pre—and co-ceiomic periodc
of the 2012 earthquake of M 5.1 in the Delhi-Haridwar
region highlight a otrong high-amplitude periodicity in
the range of ~500-1000 dayc. Thic indicatec that
monitoring time frequency dynamical ogpectra in near
real-time can cerve ac a helpful guide in identifying
hidden periodicitiecin earthquake cequencea.

Sedimentary thickness and basement geometry of the
western part of the Indo-Gangetic Plain and adjoining
Siwalik Himalaya

The huge compreooive force reoulting from the India—
Adia collicion and the vertical load of the Himalayan
thruct-fold belt cauced the flexing of the Indian
lithoophere. The formation of the Indo-Gangetic
foreland cedimentary bacin or Indo-Gangetic Plain
(IGP), ic the concequence of thic lithogpheric flexing.
The IGP ic a wideopread alluvial Plain of the Ganga,
Indug and Brahmaputra rivercand their tributaries(Fig.
19). The IGP and the Siwalik Himalaya (SH) are highly
vulnerable to ceiomic hazardo dug to their proximity to
the Himalayan Seiomic Belt (HSB). The thick
cedimentary layero of the foreland bacin can amplify
ceiomic waveo propagating through it, caucing huge
devactation. The IGP hac experienced rapido urban
population growth and infractructure development in
the lact two decadecand thucthe ceiomic hazard icthe
moct oignificant and grave concern in the region.
Underctanding dctailed cedimentary and bacement
otructures ic crucial for ceiomic hazard ectimation,
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Fig. 18: Reaulto of ceiomic catalogue of the northweat Himalaya. (a) Dictribution of earthquake epicenterg, otar indicatec the
location of the devactating M 8.0 Kangra sarthquake of 1905. Yellow and Blug circlecreprecent the bigger earthquakecof
magnitude range 7.0-7.9 and 6.0-7.0, recpectively. (b) Spatial variation of b-valug baced on earthquake M > 3.3 of recent
data of 1991-2017. (c) Recent garthquake activity of M > 3.3 occurred during 1991-2018. Abbreviation. MFT: Main
Frontal Thrucet, MBT: Main Boundary Thruct, MCT: Main Central Thruct, STDS: South Tibetan Detachment Syctem,

ITSZ: Indian-Teangpo Suture Zone, KF: Karakoram Fault.

micro-zonation, and in deaigning earthquake recictance
otructurec.

Although ceveral ctudiec have been made in come
opecific aread’profilecto ectimate bacement topography
in the IGP, a large part of the weotern IGP (covering
Punjab and Haryana Plaino) ioatill unexplored due to the
paucity of high-recolution geophyaical data. Mot of the
previouoc otudiec are baced on field methodas, cuch ac
gravity and magnetic ourveyc covering larger areac
which provide a regional peropective in contract to point
meacurementc. Deopite previouo drilling operationg, a
comprehenaive acocecoment of bacement topography hac
not been reported. Hence, aite-opecific geophyaical
inveatigationoare neceamary. In thicotudy, an attempt ic
made for the firat time to characterize the cedimentary
otructure of the weotern part of IGP and Siwalik
Himalaya baced on pacoive ceiomological data. The
receiver function (RF) invercion ucing the
Neighborhood Algorithm hac been carried out at 20
broadband ceiomological otationos (Fig. 19) to ectimate

the thickneoo of different cedimentary layero,
corregponding Vp/Vo ratio, and chear wave velocitieo
up to a depth of 10 km. The RFo of ctationc over IGP
chow typical characterictico of cedimentary baacing
Exampleo of RFo at the Amritcar (AMSR) otation are
chown in figure 20.

The bacement oepth in the IGP hac begen
characterized baced on 1D velocity modelo (Fig. 21).
The ectimated bacement depthc cuggeat an increace in
cedimentary thicknesofrom couthweat to northeact. The
couthernmoct ctations ZIND ané JAKH chow challow
bacement deptho (~1.5-1.7 km) with extremely low Vo
(~0.4-0.5 km/c) and high Vp/Veovalues (~2.75-2.90) at
the top ~400 m followed by an underlying conoolidated
cedimentary layer with Vo ~2.65 km/c. The bacement
depthoare obaerved to be higher at otationcof the Zone
of Terminal Fan (ZTF) area (KTHL, SAMN, AMBL,
and BHAD otationo). The KTHL and SAMN otationcgof
the dictal part of the Fan cuggect bacement deptho of
~2.2 km and ~1.8 km reopectively, while AMBL and
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Fig. 19: Simplified geological map of the northweot Himalaya chowing the major tectonic featurea. The broadband ceiomological
otationc of the Ambala-Chandigarh network, Satluj network, and Jammu network are chown by red, yellow, and green
triangleo reopectively. The red dached rectangle chowo the otudy region. The major litho-tectonic unitc depicted are
Himalayan Frontal Thruct (HFT), Main Boundary Thruct (MBT), Main Central Thruct (MCT), South Tibgtan
Detachment (STD), Meblicott-Wadia Thruot (MWT), Larji-Kullu Rampur Window (LKRW). The incet at the top right
corner chowo the azimuthal dictribution of teleceiomic garthquakesuced in thicotudy. The garthquakeo of the Ambala—
Chandigarh network, Satluj network, and Jammu network are chown by red, black, and yellow dotoregpectively. The
black triangle markothe center of the networkae. The location of a borehole profile (AB) iomarkes.

BHAD in the proximal part chow ~2.8 km bacement
oepth. The JAGR, BHAG, RMGR, and CKKN ctationc
to the north of the ZTF chow comparatively larger
bacement depth (~3.5-3.7 km) which can be attributed
to the high olope gradient formed Suring a period
characterized by higher cediment and water buogeto.
The JLDR and AMSR dtationc of the weatern proximal
part of the ZTF chow a comparatively challower
bacement depth of ~1.8 km which icpoadoibly due to the
precence of concealed featurecouch acthe HFT and the

Bharwain anticling bengath the Punjab alluvium. The
GURD andé HOSR ctationc record a degper bacement
depth of ~3.6 and ~3.7 km reopectively. Thicregion ic
characterized by multiple blockc ceparated by ridge
atructurec like the Adampur and Hochiarpur ridgeo
converging towardc the northweot and creating a
prominegnt deprecoion around Gurdacpur. The SATN
and GARH otationo near the MBT, chow bacement
depthcaround 1.8 km and 2.1 km, reopectively whereac
the LGOR ctation chowoa 3.4 km bacement depth.
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Fig. 20: Example of radial receiver functioncof AMSR cotation plotted aca function of back azimuthcfor Gausoian widtha(Gw) of
2.0,4.0,and 5.0. The P, phace depictoP-to-S converaion at the cediment—bacement boundary.

The velocity-depth modelo provide valuable
incightsinto the phyoical properticcand ctructure of the
challow cubcurface and the evolution of the IGP. Cloce
to the HFT, the otationc (ADBD, JAGR, AMBL,
BHAG, RMGR, CKKN, BHAD, GURD, HOSR, and
KATH) cuggect thregedayer cedimentary ctructurecwith
varying S-velocity profilec. Moving couthward, the
otationc JLDR, AMSR, KTHL, SAMN, ZIND, and
JAKH exhibit a two-Jayer cedimentary otructure which
indicatec a Jdifferent layering of the ocubourface
compared to the otationo near the HFT. The SATN,
GARH ano LGOR ctationc cloce to MBT digplay two—
layer otructure but chear wave velocitiec are
comparatively higher at the ourface. To acoeco the
reliability of the layered models in reprecenting the
ocubourface geology, the velocity modelcobtaingd from
the JLDR and HOSR ctationcare cuperimpoced onto the
AB crooo-cection (Figo. 19 and 22) conatructed baced on
borehole data by previous ctudiec (Powerc et al., 1998;
Singh et al., 2005). The velocity otructure beneath the
JLDR ctation exhibitca two-layer cubourface atructure.
A thin layer of ~0.7 km thick, with low V6~0.5 km/ccan

be correlated with the Upper Siwalik cedimentg, which
typically have unconoolidated nature at the curface. The
lower layer, (~1.1 km thick), with increacing Vo~1.74
km/q, indicatec the precence of compact cedimento
comparable to the Middle Siwaliko. The borehole data
doeon't chow Lower Siwalika, cupporting the juctification
of two cedimentary layercin the velocity model.

A bacement depth contour map (Fig. 23) ioprepared
baced on recultofrom thicatudy and available publiched
data adjacent to the region. Moct of the ctationcof IGP
chow coft alluvial at the top ~400-700 m of the curface
characterized by extremely low Vo< 0.5 km/cand high
Vp/Vo ~2.53.0. The Vo of the curface cedimentary
layer in the northern otationc €.g. SATN, CKKN, and
GARH are comparatively higher (~0.9-1.6 km/o)
ouggeating the precence of compact cedimento. The
LGOR dctation chowo very high Vo of 2.76 km/c at the
ourface, indicating the abcence of curface cedimento.
The velocity—depth otructure obtaingd in thic ctudy ic
important for evaluating the oeiomic hazard of the
dencely populated urban areacapread over thicregion.
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(Figure continued...)

Magnetotelluric investigation along Rohtak-Delhi garthquakeo of M~2.0—4.4 from April to Auguct 2020.

profile In the geo-¢lectrical cection derived from the 2D MT
Magnetotelluric data collected in collaboration with data inverce modeling, the DHR ans DSR are
NCS, New Delhi at 8 cites along the Rohtak-Delhi characterized by gqual valugsof qugrgts recictivity of
profile characterize the junction of the contact zong of 100 Ohm m at two Septha The reaictivity variation for

NNE-SSW atriking Delhi Hardwar Ridge (DHR) and DHR corregpondoto 100 Ohm m from the curface to the
NW-SE trending Delhi Sargodha Ridge (DSR) in the depth of 20 km, v&./hl.la.DSR 1chun§ acoociated .w1th'ths
Rohtak arca, Haryana which hac experienced 15 ame value of reaictivity extending in the NW direction.
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Fig. 21: 1-D chear wave velocity modeloobtaingd at individual ctationcucing NA invercion of receiver functiona. The left panelo
dioplay 1-D S-wave velocity modeloand Vp/Voratioa The grey-chaded area reprecentothe range of all campled models,
while the green—colored areacindicate the beat 1000 modelowith the loweat miofit. Red trace: reprecentothe model with
the loweat micfit, which icthe beat—fit model among the campled modela. Blue trace: reprecentothe beat-fit Vp/Voratio.
White trace: reprecentcthe average of the beatfit model. The black arrow markothe bacement of the cedimentary column.
The right panglo chow the comparicon of obcerved (black) and the oynthetic receiver functiono (red ling) for the model
with the loweat miofit with £1 otandard deviation bounda.

The DHR hac bgen found otriking NE-SW with a very 12—15 km forming half grabencon both limbcscupported
challow central axic(leoothan 400 m) having a width of by challow faulta. The DSR hac bgen found bifurcated
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Fig. 22: Seiomological crooo-cection along the AB profile (Fig. 19) of the ctudy area (modified after Powercet al. 1998; Singh et.
al., 2005). Shear wave velocity modelo(chown by red lingos) computed at JLDR and HOSR ctationchave been projected
on the crooocection. The modelo can be correlated with the information obtaingd from ceiomic refraction ctudies ano
borehole data near Adampur and Hochiarpur regionc (AB profile). Minor diccrepanciecsmay be due to deviationoin the

geographical locationcofthe ceiomological ctationa.

32.5 1 1 1 L 1 1 1 1 1

32

31.54

[
—_
1

2]
=
el
[
(-
>
—
[
©
<

30.5+

Latitude (°N)

T
?
Basement Depth (km)

29 4

A

28.5 T T T

%5 71 715
Longitude (“E)

Fig. 23: Contour plot chowing the opatial variationcof bacement depth along and acrooothe ctrike of the Himalayan foreland bacin
and the Siwalik Himalaya.The red and black trianglesreprecentthe locationc of broadband ceiomological ctationc from
the precent ctudy acwell acfrom the previousatudy. The major tectonic featureoi.. the Himalayan Frontal Thruct (HET),
Meslicott-Wadia Thruct (MWT), ané Main Boundary Thruct (MBT) are chown.

from DHR at a depth of 12—13 km and extended in the
NW Jdirection. The DSR hac been generated oue to
flexure bulging cauced by collicion and anticlockwice
rotation of the Indian plate in the Eoceng period. A NE
otriking otegp dipping reverce fault (F1) hacalco been

identified about 15 km weat of the DHR. It ic inferred
that the DSR gotup thructed along thicfault and became
challower in the NW region. The ceiomicity in the
Rohtak and curroundinge ic located at the bifurcation
pointc of DHR and DSR and the contact zong of DSR
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ano reverce fault F1. The reverce fault F1 icaloo active
anod hacgenerated micro-ceiomicity in the pact.

ERT survey in the Joshimath area

In the Second phace of the Jochimath ERT curvey, a few
other oitec were invectigated and one profile of
ManoharBagh wac repeated. The repesated profile
modeling revealo the came ocubourface featureo expect
the reduced area of low reaictivity feature. The high
reoictive featurec are boulderc in the matrix of
fluvioglacial cedimentary depoaitc of the Jochimath
region (Fig. 24).

Thiclow reaictive zong icidentified aca cignature of
the precence of ground water. The reduced area of thic
low reaictivity feature in a threge-month interval time
indicatecthe ceepage of groundwater from thicplace to
other placec. The reaictivity cection of the cubourface
obtaingd after inverting the obcervations providec
oignificant information. No hard rock ic ceen up to a
depth of 35 m at every aite except at Paraari village.

Assimilation of seismic attenuation model of NW
Himalaya

The ceiomic wave attenuation characterictico may be
correlated with the ceiomic hazard potential of the
northweot Himalaya and itc ourrounding partc. The
otudy of the frequency-dependent attenuation
relationchip ic conducted uoing recent earthquake data

ree Hadel resistivity with Lupegraphy
7 B, errer = b7

mosel resistivity witn capeqraphy
Teration M. sriee = 85

ALE

190

(Fig. 25). The NW Himalaya ic a part of the India—
Euracia collicion zone that witnecoed a number of
earthquakeo. The region hachigh ceiomic rick potential
ac witngoed by the pact damaging earthquakes. The
attenuation characterictico for P-waveo (Q,), S-waveo
(Qg), and coda wave (Q,) have been invedtigated ucing a
datacet of 216 micro to moderate magnitude (2.5 < Mw
<5.0) earthquakecrecooed between 2008 and 2015 by 7
broadband ceiomic otationc. The central frequency
range conaidered in our analyocic varieo from 1.5 to 12
Hz. The otudy chowed that the otructural heterogeneitieo
that govern the nature and extent of ceiomogeneaig,
enabling more accurate accecomentc of attenuative
characterictico of the cub-ourface to ched light on
ceiomic hazardc and earthquake rick potential. Thece
accecoments, baced on ectimatec of otrong ground
motion and earthquake ocource parameterc, are
important to enhance the region’'creailience to ceiomic
evento In cummary, the ochematic model obtained in
thic otudy odemonctratec that the attenuative
characteriatico of different tectonic blockes linked to
atructural heterogeneities, and both local and regional
fault oyotemo found very much different and unevenly
dictributed in the NW Himalayan region. Aloo, it
indicatec that earthquake rick potential in Jifferent
cegmentoof the geo-tectonic blockofrom couth to north
are conopicuouoly different becauce of varying
eatimatec of ceiomic attenuation. It corregpondc to the
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Fig. 25: A map chowing tectonic featurecof the NW Himalaya and itoourrounding region. Tectonic features(lingo) are chown and
include MBT; MCT, HFT, Munaiari thruct, Vaikrita thruct; Jammu Thruct, Lecoer Himalaya Cryctalling Nappe, Kullu
Larji Rampur Window, Jhala thruct. Filled trianglec depict the network otationc and filled circles chow the gpicenterc
(oource: Catalog of International Seiomological Center).

atructural heterogeneitiec due to the tectonic faultg,
material compoaitions, compactiong, and the extent of
otrain energy level, indicating that the Higher Himalaya
haccryatalling rock materialowith the leact ceiomic rick.
The earthquake rick may be higher for the zoneo with
comparatively higher attenuation due to high loco of
ceiomic energy and otrata amplifications. Thece are the
zoneo of leds compact material mainly cedimentary
zongo ouch acoub-Himalaya and Indo-Ganggtic plainc.
Contrary to thic attenuation ic lower in the Higher
Himalaya with lecoer amplificationc. Thic information
may be uceful for Odecicion-making towardc an
earthquake rick reailiency oyotem for the Himalayan
region.

The relationchip in termo of the variability of Q, ",
(2(x4 an8 Q[}AaG' Qc4(LH)>Q04(SH)>QC4(IGP)>QC4(HH)9
Q,(LH>Q,'(SH)> Q,'(IGP)> Q,(HH) an Q,'(LH)>

Q, (SH)> Q, (IGP)>Q, (HH) acilluctrated in figure26.
The interpretation of thicotudy cuggeatothat the average
attenuation in the Leooer Himalaya (LH) exhibito
greater attenuation valuec compared to the Sub—
Himalaya (SH), the Indo-Gangetic Plain (IGP), and the
Higher Himalaya (HH). However, the Higher
Himalaya, particularly the Higher Himalayan
Cryctalline (HHC) formations, chowo lower ceiomic
attenuation oue to itoc 30-km-thick medium—to high—
grade metamorphic cequence of meta-cedimentary
rocks, often intruded by granites of Ordovician and
early Miocene age. It'oworth noting that along the Satluj
River, the Higher Himalayan Crydtalline rocko dioplay
an inverted metamorphic figld with dictinct mingral
unitc, Thicatudy alco implieca congpicuoucvariation in
earthquake rick potential acrooo different cegmentc of
the geo-tectonic blocko from couth to north, influgnced
by diverce otructural heterogeneitiea, fault acoociationg,
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Fig.26: A cchematic model deduced from thic ctudy chowing the dictribution of attenuative property in the NW Himalayan

region.

material compoaitions, compactiong, and otrain energy
levelo Thicalignowith hictorical obcervationg, cuch ac
the 1803 Garhwal-Kumaon earthquake (Mw 8.1).
Convercely, the Indo-Gangetic Plain (IGP) exhibito
lower ceiomic attenuation compared to the Sub—
Himalaya (SH) and the Leccer Himalaya (LH). Thicic
attributed to the currounding Delhi Haridwar Ridge and
Moradabad fault, which mark tranovercal zoneo
indicating neotectonico and recent activity. The Delhi—
Hariowar Ridge (DHR) icconaidered a vulnerable area
due to the dgvelopment of E-W trending tencional otreco
ano a high concentration of earthquake epicenterc. The
Uttarkachi region’c otrike-dlip faulting icaloo linked to
the extencion of the DHR. The Sub-Himalaya
(Himalayan foreland) zone, conaicting of clactic
cedimentcdepoaited ouring the uplift and erocion of the
Himalaya, experienceo higher ceiomic attenuation due
to faulting and folding of molacce. The Leooer
Himalaya, couth of the Greater Cryotalline Himalayan
cequence, bounded by the Main Boundary Thruct
(MBT) and the Main Central Thruct (MCT), concictc
mainly of Proterozoic and lower Paleozoic cedimentary
rockc. Thic region, with itc PaleoceneEocene
limectong, chale, oynclinal outliers, and anticlingg,
contributec to the higheat degree of attenuation in the
Leccer Himalaya. The vulnerability of the IGP to
earthquake rick ic attributed to the amplification of
thicker Inoo-Gangetic alluvial otrata during earthquake
chaking, even for challower micro to moderate
earthquakes, making it cucceptible to otructural
damagec and looo of liveoif atructures collapce during
chaking.

Ground motion prediction equation for NW Himalaya
and its surrounding region

An attenuation relationchip, alco known ac a ground
motion prediction equation (GMPE), hac been
developed for the Northweot Himalaya and ito
ocurrounding region (Fig. 27). Thic GMPE utilizec
otrong motion data recorded by two networko: the
National Center for Seiomology Network and the
PESMOS atrong motion network. For the development
of thic GMPE, 400 cotrong motion records from 87
earthquakeothat occurred between 2005 and 2021 were
conaidered. The celected earthquakeshave magnitudeo
ranging from 3.0 to 6.9.In thicctudy, the maximum pgak
ground acceleration (PGA) of two horizontal
componentc wac uced to develop the new attenuation
relationchip. A two-otep otratified regreooion model wac
chocen for the analycic. The propoced attenuation
relationchip ic;

Log,, PGA = 1.889 + 0.3996*M —0.95736 log,, (HD +
exp ™) £0.3646

Where PGA icpeak horizontal acceleration in gal of
otrong ground motion, M ic the magnitude, and HD ic
the hypocentral dictance from the cource. The otandard
error of the propoced relationchip 160.3646. Thionewly
developed attenuation relationchip holdo cignificance
for variousapplicationg, including cite-opecific ctudiea,
ceiomic hazard ectimation, ground motion cimulation,
earthquake early warning (EEW), and engingering
applicationc. It providoec valuable incightc into the
behaviour of ground motion in the Northweot
Himalayan region, allowing for better preparednecoand
mitigation ctrategiccagainct ceiomic hazardoin the area.
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Fig. 27: The map illuctratec the geographical dictribution of ctrong motion cencorc from the National Center for Seiomology
(NCS) Network, indicated by blue triangles, and the PESMOS otationg, reprecented by green triangles. The locationcof
aignificant earthquakeouced in thicotudy are denoted by red otarc.

The validation of the newly developed Ground
Motion Prediction Equation (GMPE) for the NW
Himalayac focuced on predicting Peak Ground
Acceleration (PGA) valuec for a magnitude 5.8
earthquake acrocodictancesfrom 10 to 570 km. Several
exioting attenuation relationchipo by different authoro
were aloo conaidered for comparicon, noting their
opecific limitationo in magnitude and dictance rangec
due to data availability conatrainta The otudy found that
the developed GMPE clocely matched recordoed PGA
valuec for earthquakes of oimilar magnitude and
dictance, ocuggecating itc accuracy within the analyzed
range. However, due to the lack of near-cource odata,
compariconc for higher-magnitude earthquakec were
not pocoible. Thichighlightothe ongoing need for more
comprehencive ground motion data collection,
eopecially for otronger earthquakes and variouc
dictanceo from ceiomic courcea It'c important to note
that the GMPE'c accuracy can vary due to factoro like
earthquake depth and local aite effectg, which may lead

to overeatimationc or undereatimationc of PGA valueo
in opecific circumotances. Continued validation and
refinement of the GMPE will be crucial ac additional
otrong-motion data becomgoavailable in the future.

Activity: 2C

Seismicity and Seismic Hazard Assessment in the
Himalaya

(Dilip Kumar Yadav, Narendra Kumar, Praveen Kumar,
Chinmay Haldar and Ajay Paul)

Modeling of strong earthquakes using the modified
semi-empirical technique

In thicwork, otrong garthquakeshave been modegled in
the Uttarakhand region. Strong ground motion
omulation ic a reliable tool for ceiomic hazard
acogocoment and mitigation of any region. The
dictribution of hazardc during an earthquake ic greatly
influenced by the attenuation propertiesof the medium.
Typically, regional attenuation characterictic ic
employed for otrong motion cimulation rather than cite—



Annual Report 2023-24

opecific attenuation. In the current otudy, the newly
developed cemi—empirical aimulation technique (SET)
1o modified to uce a cite-opecific attenuation relation.
Initially, the medium attenuation characterictico are
quantified by edtimating the frequency-dependent S—
wave quality factor (Q,(f)) at each recording ctation.
Thece obtained Q(f) relationcat ach otation are further
utilized to ectimate the regional relation for the Garhwal
and Kumaon regionc ac (90+4)f “*** an§ (54 £2)f
, reopectively. Thece valugs cuggeot that the
Garhwal region icrelatively leoo attenuative and more

(0.89£0.1)

credible for
region. The

and 2011

ceiomic hazardc compared to the Kumaon
Q,(f) obtained at each recording ctation are

further uced to aimulate the 1991 Uttarkachi (M, 6.8)

IndiaNepal (M, 5.4) earthquakec An

improved match ioperceived between the obcerved and
oimulated recordowith aite-opecific Qy(f) valuesinctead
ofregional onec(Fig. 28). Thiccomparicon cucceaofully
validatec the precent modification in SET. Thic work
providec great inocight into getting more realictic
oimulated recultc and explorec recent trendo in otrong
motion ceiomology for ceiomic hazard gvaluation.

(a) 1991 Uttarkashi Earthquake
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Fig. 28: Compariconc of obcerved recordo (in black) with cimulated recordcuaing the cite-opecific quality factor (Q(f)) (in red)
and regional-opecific Qy(f) (in blue) of (a) 1991 Uttarkachi earthquake (M,, 6.8) and (b) 2011 Indo-Nepal garthquake (M,,
5.4). RMSE1 and RMSE?2 are the root mean cquare errorc for aite-opecific and region-opecific aimulated accelerogramo

with obcerved accelerograme, reopectively.
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Correlation of seismic anomalies to fluid-driven
crustal structure in Garhwal region

The otreso dropg, b-value, fractal dimencion (Dc) and
focal mechaniomc have been analyzed ucing data
recorded by a local network of 14 broadband ctationc
in the Garhwal Himalaya during 1999-2020. Seiomic
periodicity on a Himalayan major thruct above a
locked zone involves a long period of otreco
accumulation and interceiomic otrain. There exioto a
2000 opatio-temporal-depth correlation between the
eotimated recultowhich indicatecthe poaitive anomaly
at 12-14 km (otreco trancition) beneath the Chamoli
region. Interectingly, thic region chowo a maximum
geodetic otrain rate with comparatively high-otreco
drop, low coefficient friction valug, and very low b—
(0.583+0.02) and Dc— (1.20+0.01) values. The
majority of moderate to otrong earthquakecand owarm
activity have occurred in thic region with maximum
cructal accommodation. It ic alco obcerved that the
oignificant temporal decreace in bh-value ic alwayo
followed by moderate earthquakeo. The obcerved
correlations otrongly ocupport the evidence of
entrapped fluid—faultc interaction which alterc pore
precoure and generatec numerouc rupturec. The
outcomeo of thic otudy have been portrayed in the
vertical crooo-cection baced on the current invectigation
and pact obcervationo (Fig. 29). The plotc chow that
the earthquake clucter ic more evident towardo the
mid-cructal ramp (MCR) above the MHT.

Crustal structure beneath the Kumaon-Gharwal
Himalaya using converted waves

The Himalayan region witnecoeo ceveral natural
hazardo like earthquakeo and landdlidec due to the
continental collicionobetween the Indian and Euracian
platec. Thic hac given rice to extreme topographic
variationc throughout the Himalayan belt. The
Kumaun—Garhwal region ic a clacoic example of cuch
geological concequencec and ic prone to ceveral
earthquakea High—quality three-component teleceiomic
waveform data recorded at ceven ceiomological otationo
operated by the Wadia Inctitute of Himalayan Geology
(WIHG) are uced to invedtigate the detailed cubourface
otructure of the cruct, the intracructal low-velocity
layer (LVL) (Fig. 30). The recultg, derived from the
inverolon of individual otationd’ otacked P-receiver
functionc (PRFo) ucing the neighborhood algorithm
approach chow that the cructal thicknesovariec from 44
to 54 km beneath the otudy region (Fig. 31). The depth of
LVL obcerved beneath oix otationc from individual and
otacked PRFaq, varieo from 9 to 24 km. The LVL zone
with a high V p /V oratio may be dug to fluid, leading to
challow ceiomic activity within the ctudy region. The
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Fig.30:(a)Move out corrected receiver functiono with ong
cecond low paco filtered. Stationcare arranged with
increacing order of dictance from HFT. Black and
gray colorc denote pocitive and negative peaka
reopectively. Red lineschow P-to-S convercion timeo
(Pmo) from Moho. (b) Stacked receiver functiono of
all ceiomic otationc. Two bounding grey linecon both
aidecof the PRF reprecent PRF amplitude added and
aubtracted with 2 cigma otandard errorc.

precence of fluid or partial meltoin the LVL may be due
to the chear heating, cooling, and decomprecoion.

Earthquake source studies in the Siang Valley of
Northeast India

Earthquake ocource parameterc are important to
underctand oceiomotectonicc and ceiomic hazard
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Fig. 31: Shear wave velocity modelo at different otations ucing Neighbourhood Algorithm (NA) method located at the otudy
region in the Northweot Himalaya. The colid red line on the left cide reprecentcthe Vp/Voratio. Stationo nameoare chown
in bold at the top right 6ide of each plot. Beat fit 1000 modelo(green area) having the leact miofit between the obcerved and
oynthetic receiver functioncare chown within the total 20000 modelo(grey) generated by thicotudy.

accecoment. The Siang Valley BBS Network of WIHG
hac recorded 191 local earthquakeo that have been
analyzed to otudy earthquake cource parameterc and
ceiomotectonic. The opectral cource parameterc ceiomic
moment, cource radiuc, and ctreco orop are calculated
ucing Brune'c opectral model. The radial (R) and
tranoverce (T) components of the S-wave opectrum
were utilized to determing the cource parametercuoing
waveform data with a window length of five cecondo
chocen from the otart of the S-wave period (Fig.32a-b)
and the oelected window and itc acocociated
dioplacement opectrum for the magnitude M, 5.9
earthquake. The gatimated ceiomic moment (M,) rangeo
from 2.44 x 10" Nm to 6.86 x 10'° Nm, cource radii (r)
from 172.90 to 1392.41m, M, rangecfrom 1.52 to 5.16,
corner frequency (f)) rangeo from 1.03 to 8.04 Hz and
otreao drop (° o) value rangec from 0.05 to 114.71 bara.
The linear relation obtained by leact cquare regrecoion
analycicbetween° o, M, f,, and r, with regpect to the M,
and Mw for the Siang Valley of Arunachal Pradech

region are glaborated. Corner frequency aca function of
Mo and Mw, Richter magnitude (M, ) obtaingd from S—
wave opectra chowothe decreacing trend with Mo, MW,
ML (Fig.33a-b).

The opectral analycic performed for the micro—
earthquakeo that occurred during the otudied period
chowolow-otreas drop valuea The otreco drop value for
moct of the earthquakecicbelow 10 barg, and the largect
value i6114.71 bara The recultoindicate an increace in
the otrecodrop with the oize of the earthquake (Fig. 33b).
Thic revealo that lower magnitude sarthquake releaceo
lecoenergy and otrecodrop increaceowith the increace of
magnitude for the eventa The cource radiuc and low—
atreco drop valueosreprecent the challower brittle part of
the cruct in the region which icunable to hold the otreco
ano releacecin the form of low-magnitude earthquakea.
The otudy aloo obcervedthat the evento are confingd
between MBT, MCT, and other thruct zoneo in the
region.
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Activity: 3

Biotic evolution with reference to Indo-Eurasian
collision, evidence for global events

(R.K. Sehgal, Kapesa Lokho, Suman Lata Srivastava
and Ningthoujam Premjit Singh)

A diverce accemblage of micro-mammalc hac been
reported for the firat time from the Siwalik cedimento
expoced around the Dunera region of Pathankot
Diatrict. Although the Dunera area ic known for a few
previoudly deacribed macro-mammalcouch actragulido
(Dorcatherium op.), giraffidc (Giraffokeryx op.), and
bovidc (gen. gt op. indet.) no micro-mammalc have yet
been reported. Concequently, oue to the abcence of
chronologically informative fauna, the precice age of
the Dunera depoaitobeyond a general correlation to the
Chinji and/or Nagri formationchacremaingd uncertain.
Recently, chronologically informative micro-mammalc
were recovered from Dunera belonging to four rodent
familiec: Muridae, Ctenodactylidag, Cricetidag, and
Sciuridae. Thece opecimenoc reprecent the firct rodentc
documented from thic region. Additionally, a
preliminary taxonomic accecoment of thece foooiloio
provided. Thicinformation icuced to diccucothe age of
the foomiliferouc locality expoced at Dunera baced on
rodent bioctratigraphy that hacalready been ectabliched
throughout the Lower and Middle Siwalikc of the
Potwar Plateau. Baced on our acocecoment, it appearcthat
the Dunera locality correlatecwith the lower half of the
Nagri Formation in the Middle Siwalikc and thuc
camplec the early Late Miocene rather than the late
Mioddle Miocene in the Miodle Siwalikao.

About 500 kg of cedimentc were macerated in the
Bioatratigraphy Laboratory to recover microfocilc.
Foilowere identified and ceparated under a binocular
microccope uocing a fing bruch. The opecimenc
mentioned here are houced in the repoaitory of WIHG
with the catalog extencion WIMF/A. High-recolution

micro-CT (LCT) ccanning wacutilized to create a threg—
dimenacional (3D) curface rendering to facilitate the
otudy of thece micromammal testh. Obtaining pCT
acanc aloo facilitated digitally removing the matrix on
the occluml ourface of come opscimenac. All ccanning
wac dong at the Molecular Imaging Center of the Keck
School of Medicine of the Univercity of Southern
California (LoocAngeleg CA, USA)ucing a Nikon XT H
225 ocanner. Each tooth’cotandard dental meacuremento
of maximum meacio-dictal length (MD) and bucco—
lingual breadth (BL) were recorded from 3D ocurface
renderingo. Comparative meacurementc on relevant
micromammal taxa were obtaingd from the literature.
To examing intragpecific and interopecific variation in
dental chape and aize data acroocknown micro-mammal
opeciea, bivariate ploto were created ucing the cquare
root of tooth area (MD x BL) and tooth chape (BL/MD),
thereby exprecoing thece variablec in the came linear
unitc.

The micromammal material from the Duneraregion
wac 10entified acthe murine Progonomys cf. hussaini,
the ctenodactylid Sayimys sivalensis, the cricetid
Democricetodon fejfari, and the cciurid cf. Tamias
urialis, all of which are documented for the firct time in
thicarea (Figo 34 & 35). Baced on the bioctratigraphic
rangecof theae rodento from well-dated localitiesin the
type localitiec of Siwalikc of Pakictan along with
previoudly collected magnetoctratigraphic data, Dunera
locality bect correlates to between ~11-10 Ma (garly
Late Mioceng), approximately equivalent to the lower
half of the Nagri Formation. Micromammalg, eopecially
rodents, contain NUMErouc timg-cenaitive opeciec and
have thusbeen heavily uced in bioctratigraphic analyceo
becauce they can help accurately ectimate the
geological age at a high recolution for localitiec where
other geochronological dating methodc are not
available. Thug, they offer an independent ectimate that
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Fig.34: Progonomys cf. hussaini in occlual viewo. Leica otereo zoom Microccope image: A) WIMF/A 4745, right M1. 3D
ourface modelo: B) WIMF/A 4746, left M2; C) WIMF/A 4747, left M2; D) WIMF/A 4739, right m1; E) WIMF/A 4737,
leftm2; F) WIMF/A 4738, left m2; G) WIMF/A 4748, left m2; H) WIMF/A 4736, right m3. Note: Meaial towardcthe left

and dictal towardothe right in all panelo.

Imm

Fig. 35:3D curface modelcof Sayimys sivalensis in occlucal viewo. A) WIMF/A 4733, left M2; B) WIMF/A 4750, right M2 C)
WIMF/A 4731, left M2 or M3; D) WIMF/A 4732 left m1 or m2. Note: Mealal towardothe left and dictal towardcthe right

inall panglo

can be uced with other time-cenaitive macro-mammal
opeciec and paleomagnetic data to destermine the
geological age accurately. Furthermore, they are
ocuaceptible to climatic changes, which lead to changeo
in community otructure, allowing an analycic of the
migration and reduction or extinction of certain
groupc.

Due to ito proximity with the type cectiono of the
Siwalike, Dunera wac likely part of the came
biogeographical province acthe Potwar Plateau during
the Middle to early Late Miocene. Thug, the potential
age range extenoioncof P. cf. hussaini and cf. T. urialis
almoct certainly reflectoincreaced campling of an under
reprecented time period in the greater Siwaliko region
rather than documenting thece opecies opanning a
oractically oifferent time period in a different

biogeographic region. Further work at Dunera will be
important in glucidating thic under-campled period in
Siwalik'eomammalian evolutionary hictory.

Ichnofomoilo were aloo collected and deccribed, for
the firct time, from the rocko expoced along the Katilu
Khad cection, Dunera, Punjab (India) of Miocene
ouccecoion. About 40 odlabo of grey-buff colour
medium to fing-grained candotong and reddich-brown
mudctone were collected for ichnofaciec analyaic.
Eight ichnotaxa with twelve ichnoopecieo have been
recorded including Aremnicolites iop,
Beaconitescoronus, Helminthopsis tenuis,
Lockeiasiliquaria, Palaeophycus tubularis,
Palaecophycus iop, Planolitesannularis, P.
beverleyensis, Skolithos linearis, Taenidium barretti, T.
cameronensis, and 1. serpentinum (Fig. 36). According
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Fig.36:(A-a, B, Ca, E, F) Palaeophycus tubularis; (A-b) Planolites annularis; (A-¢) Burrow; (C-b) Planolites beverleyensis;
(D-a) Skolithos linearis; (D-b) Taenidium barrette; (G) Palaeophycus iop.; (H-a) Planolites annularis; and (H-b)

Skolithos linearis.

to [.C.Z.N (International Code of Zoological
Nomenclature), the ichnofosailc have been identified
and Oeccribed. The ethological clacoification of
ichnofomuilo given by Ekdale et al. (1984) icadopted in
the precent ctudy. The deccribed agpecimencare otored in
the Muceum of Wadia Inctitute of Himalayan Geology,
Dehradun, with repocitory numberc acoigned from
WIF/4861 to WIF/4894 (abbreviation: Wadia Inctitute
Fowilo). The precent ichnofoaoil accemblagechave been
recognized by two ichnofaciec —Scoyenia and
Mermia.Mermia ichnofaciec ic typified by high
diveroity grazing and feeding tracec with low

abundance whereac, Scoyenia ichnofacies chowo leco
diveraity but a high abundance of meniccate burrow
(Taenidium and Beaconites). Thece ichnofaciecindicate
well-oxygenated, low-energy depoaition expoced to air
ano reprecent the fluvial environment.

Plate tectonic-driven collicion between the Indian
oubcontingnt and Euracia and the attendant uplift of the
Himalayan Mountain wac the prime cauce for the
dicappearance of the Tethyan ceaway. Thic tectonic
event ic otrongly linked to global changes in ocean
circulation, biotic evolution and extinction,
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Fig.37: 1(a—¢) Praeorbulina curva, P.8, WIMF/A4893; 2(a-¢) Globigerinella obesa, P.4. WIMF/A4894; 3(a—) Tenuitella munda,
P.4, WIMF/A4895; 4(a-¢) Paragloborotalia continuosa, P.4, WIMF/A4896. All ccale barcare 100 pm.

geodoynamico, paleogeography, and paleoclimate.
Subduction along the couthern margin of Euraadia,
accompanied by northward migration of the Indian
plate, progrecoively conoumed the Neotethyan ocean
lithoophere, with the final clooure of thic ocean
occurring acthe Indian cubcontingnt collided with Acia
to the north. The precent finding of the Miocene
planktonic foraminiferc (Figo. 37 & 38) occur in chale
intercalated with thinly bedded alltctone and candctone
of the Surma Group in the foothillc of the Naga
Schuppen Belt of the Indo-Myanmar Rangeo. Fourteen

opeciec from eleven genera are the firat clearly imaged
middle Miocene foraminifercrecorded from the Surma
Group in the Naga Hillo. Thicnew M5-M6 accemblage
from the upper unit of the Bhuban Formation correlatec
to the uppermoct Burdigalian to Langhian (16—14 Ma).
Biootratigraphy, paleoegnvironment, and
paleogeography of the accemblage are all cignificant.
They provide a bacicfor wideopread regional and global
correlation conatraining the timing of elimination of the
final remnantcof the Neotethyan ceaway between India
and eaotern Euracia. Reaulto indicate that, unlike the
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Fig. 38: 1(a¢) Trilobatus sicanus, P.12, WIMF/A4897; 2(a—c) Globigerinella obesa,P.5, MF/A4898; 3(a—¢) Paragloborotalia
continuosa 8, WIMF/A4899; 4(a—¢) Trilobatus immaturus, P.8, WIMF/A4900. All ccale barcare 100 pum.

weatern and Tibetan Himalayag, where aimilar ceawayo
dicappeared before the Mioceng, a challow maring
embayment connected to the Indian Ocean gndured in
gactern parto of the India—Euracia collicion zong until
the Midole Miocene.

The otudy of vulnerable maring ecooyctema, cuch ac
ceamounts and oceanic iclandc, ic critical for the
concervation and management of maring gcooyotema.
Echinodermo are exclucively maring invertebrate
organiomo and moctly bottom dwellera So, they are
2000 paleoenvironmental and ecological indicatora.
They have well-developed organ cyotemo which are
ecologically and geologically important. Thic phylum

containc about 7,000 known living opecies and more
than 20,000 fowoil opeciec with 15 clacoes of extinct
opecies, which hac the moat extinct clacceo than any
other animal. They are found from the polec to the
equator and from the intertidal zong to deptho of more
than 5,000 m. Echinodermo appeared firct around 530
Ma in the Cambrian and rapidly diveraified into many
groupc but were not ac cuccecoful ac the crinoido
ocubjugated ouring the Palgozoic. Many echinoderm
groupo either decreaced in abundance and diveraity or
became extinct by the early Meoozoic era. Rear
occurrenceo are known in the early Juracoic and then
diveraified and thrived to date (Srivactava, 2014). The
precent finding reportctwo echinoid taxa viz. llarionia
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Fig. 39: llarionia sindensis. (1) Apical view; (2) Petal I; (3) Oral view; (4) Oral area; (5) Pocterior view; (6) Lateral view (anterior

toright).

sindensis Duncan and Sladen (1884) (Fig. 39) and
Porocidaris schmidelii Mincter in Goldfuc(1830) (Fig.
40) from the middle Eocene Sylhet Limeotone of Mikir
Hille, Accam. P. schmidelii ic found from the Lutetian
(midole Eocene) to the Priabonian (upper Eoceng) in the
following regiona: NE of Spain, Biarritz (Southwectern
France), Angoumé (Southern Aquitaine, France),
Carinthia (Southern Audtria), Vengtian region of Italy
Provence, Southern Alpc of French, Iatria (Croatia),
Percian Gulf, Oman and Egypt. I sindensis wac firct
reported from the Eocene of Sindh province from the
Khirthar Seriec (Pakictan) and Madagaccar. It ic alco
recorded from the Bartonian—Priabonian in the
following regiono: NE Spain, Biarritz in Southwectern
France, Angoumé in Southern Aquitaine—France,

Carinthia in Southern Audtria, the Italian region of
Veneto, Provence and couthern French Alpg, Percian
Gulf, Oman, Egypt, and Iotria. They are oyotematically
deocribed to odeterming their otratigraphic,
paleoenvironment, and palgogeographic Jdictribution.
The material otudied heregin reprecento the firct report
from the middle Eocene of India, and it cignificantly
expando the geographical extencion of Eocene maring
echinoidcin the northeactern part of India.

Developed pact 1100 yearc of climate and
vegetation hictory from the Deoriatal Lake, Mandakini
bacin. The reconatructed vegetation and climate record
indicated otrengthened moncoon precipitation from
~1110-950, ~690-560, and ~290-130 cal yr BP, whereac
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5 mm

Fig.40: Porocidaris schmidelii. (1) Partial view of an ambulacrum and contiguouc interambulacral areac, (2) Detail of
interambulacral tubercleg; (3) Detail of a primary interambulacral tubercle; (4) Detail of interambulacral curface; (5)

Detail of an ambulacrum.

the decreaced ISM otrengthc were recorded during
~950-690 and ~560290 cal yr BP. The otrengthened
moncoon from ~1110 to 950 cal yr BP corregpondcwith
the globally warm medieval climate anomaly, and the
decreaced monocoon otrength from ~560-290 cal yr BP
correopondcwith the Little Ice Age.

Activity: 4A

Climate variability and landscape responses in
selected transects in the NE and NW Himalaya
(Khayingshing Luirei, Som Dutt, Anil Kumar, Chhavi
Pandey, Pinkey Bisht and Subhojit Saha

Active deformation and landslides in the MBT— MCT
zones, Garhwal Himalaya

Active ground deformation of the Mucooorie hill and
Dehradun region ic ectimated uocing the accending
Sentinel- radar data cet (acquired between 16-09-2015
and 10-07-2021). A higher rate of ground cubaidence ic
obcerved in the form of co-ceiomic cregp toward the

ocouth-facing hill clope with a velocity of -2 to - 0 mm/y.
Similarly, the currounding regionc of Kanditalli chow
co—ceiomic cregp of 9 to10 mm/y. Furthermore, a~6
km wide and 20 km long N-S oriented zone of uplift
with arelative velocity of 2 to 5 mm/y with a cumulative
dioplacement of ~2 cm hac been identified between
Kandhauliand Tarauli. Moreover, toward the footwall
block of the MBT, a wide region covering an area of 164
km’ (ourrounding regionc of Rajpura-Premnagar—
Dehradun-Donkwala—AragharRaipurDwara—
Chironwali-Kaulagarh) icoubaiding with a velocity of —
3 to 10.5 mm/y with a cumulative dioplacement of 3.5
cm (Fig. 41). The reaultc of ground ocuboidence (co—
ceiomic cregp) are well corroborated with the
extenaional fracturecand fault patterncobcerved on the
ground. The detailoof the figld evidence are precented in
the proceeding active deformation in the MBT zong
cection. The SAR image of 16-09-2015 of Mucooorie
Hillochowathere ica cignificant uplift with a velocity of
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5 mm/y. However, the velocity-time ceriec for the
period 22-9-2016 to 10-07-2010 chowc Sominant
ocuboidence with a velocity of 3 to 10mm/y in and
around Muoooorie hille. Similarly, the Kanditalli-Kimoi
regiononorth of Mucooorig hilloalco chow a cignificant
amount of coceiomic cregp with a velocity of 2 to -5
mm/y. Similarly, the RajpuraKandhauli-Premnagar—
Dehradun—RajpuraDonkwala and adjoining regionc
chow a cignificant amount of cubaidence (Fig. 42).

In the Inner Kumaun Leccer Himalaya, the
cumulative timg ceriec deformation hacbeen eatimated
from 7" February 2017 to 10" February 2021. A total of
119152 PS pointc were extracted from the Perciotent
Scatterer Interferometry (PSI) analycic. The poaitive
valugo indicate that the dictance between the target
region and the SAR cencor in it ling of cight (LOS) ic
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reducing, therefore implying an uplift, while the
negative valueoreprecent that the dictance between the
target and radar cenocor in itoc LOS icincreacing, hence
denoting oubocidence. The total cumulative
dioplacement that occurred during thic period ic +£55
mm. The average cumulative digplacement obcerved ic
+40 mm with a ctandard degviation ranging from 2.7—
7.95 mm. Three main zonec of active uplift were
obcerved: a) Uplift between Pindari Thruct, MCT, and
MT; b) Uplift towardo NE of THF; ¢) patchec of uplift
between Pithoragarh and Champawat. In thece three
zoneo, the uplift gradually increaces through time,
which indicatec a buildup of otreco. Prominent
ouboidence ic obcerved at AT near Gwaldam, to the
couth of Munaiari, at the lower reachecof the Goriganga
River, and in the Nepal region. The LOS mean
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Fig. 41: PSI mean velocity (mm/y) and cumulative dioplacement (mm) of the area ectimated ucing the SARPROZ coftware.
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deformation velocity iceatimated to be £10mm/yr with
a lo deviation ranging from 0.55-5.63mm. Only thoce
PS pointowere conaidered whoae 16 deviationoranged
from 0.55-0.8 mm for better precicion. Except for a few
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regiona, the deformation in the otudy area liec in the
range of £7mm/yr. The central part of the otudy area
around the Bagechwar locality ic relatively otable and
chowovery low deformation compared to other regiona.
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Fig.42: SENTINEL- A driven time ceriec analyaic ectimated for the period between 16092015 and 10-07-2021 ucing the

GAMMA veraion 5.1.4, ASF DAAC HyP3 2022.
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The Goriganga and Kali riverc chow major cubcidence
along their flow patha The riversSaryu, Ramganga, and
Goriganga exhibit uplift in between VI/MCT and MT.
Panar River chowo uplift along itc path whereac the
Ladia and Lohawati Riverc are Oominated by
ocuboidence trendo along their pathcThe outer lecoer
Himalayan region icdominated by cubaidence whereag,
the inner leooer Himalaya ic dominated by uplift in the
central part and cuboidence by eactern and weotern
parto. The Higher Himalayan region 6ogonot chow any
dictinct pattern of uplift or cubaidence.

Landslide in the MBT zone of the Bhitarli-Chhoti area

The tectonic factor ic ong of the main caucec of the
inctability of the clopecin the MBT zone of the Bhitarli
Chhoti area, and the development of multiple joint ceto
and highly cruched rocko are itc manifectations. The
mooct common typec of clope failure in the precented
inveatigated area are rockfallg, toppling, and oliding.
Debric olidec are not common ac the olope
failurectakeplace moctly in bedrock olopes. In
Muoooorie, the areac falling under high and moderate
landdlide-oucceptible zonec arelimectone terrain that ic
highly fractured where the olope rangec between 65°
and 77°. Field obcervationc indicate that the moot
vulnerable lithology to variouctypecof landdlidecicthe
chalec. The chalecare thinly bedded, and the landdlideo
take place along the bedding planec. Lateral movemento
along the bedding planecin the chalecaloo facilitate the
development of open fractures, which, in due cource,
becomeas an important factor in the inctability of the
olopea. Large open fracturecthat are ategply dipping to

§'°C 8
-30-20-10 0

-27-26-25-24-23-22

N

almoct vertical are the main caucec of toppling in chale
bedrockoand have been cupported by road conatruction
aca reault of the removal of cupport. The other bedrock
iorelatively more otable than the chalg, or it may alco be
becauce of the maximum otretch of the road cectiono
conatructed in the chale terrain. A cection of road pacoec
through an old landdlide in the carbonate terrain; the
landolide debric hac been cemented together by
carbonaterich water. Thic cementing procecs by
thecarbonateowater hac ctabilized the portion of the
olope to a great extent.Wedge analyoic of the jointo
ocuggeato the formation of multiple wedgeo that open
towardaothe daylight clope. Faultg, jointg, and favorable
bedding planec conctitute one of the moot important
factorcfor the inctability of the clopea.

Middle to late Holocene climatic variability in
northeastern India and wildfire occurrences in
Ladakh

A late Holocene wildfire record from Leh Valley
reconatructed through a ~2.8-m long peat cedimentary
profile from Stagmo, Induc Valley, Ladakh Himalaya
wagc publiched. The reoulto bring new incight into the
interaction between vegetation, fire, and human activity
in the Ladakh Himalaya during the pact ~ 2.8 calkyr BP.
Three paleo fire eventc were regiotered in the peat
cequence: (a) 2.81 —2.55 cal kyr BP, (b) 1.65 — 1.54 cal
kyr BP, ano (c) ~1.38 cal kyr BP (Fig. 43). Thece phacec
are correlatable with the intencified Indian Summer
Moncooon (ISM) advancing to Tranc-Himalaya, which
will leadto increaced human cettlement in the region.
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Fig. 43: Depth profilecof cedimentary cection (A) Charcoal opeckscount (B) §°C, (C) TC, (D) 8°N, (E) TC/TN, (F) yIf and (G)
¥FD%. Higher valugc of TC and TC/TN and lower 8N reprecent warmer conditiona. §"°C valugo~ 23.5%0 to 26.5%o
(VPDB) indicate the precence of C-3 plantoin peat depoaita.

ACTIVITIES




2]
=
g
[
(-
>
—
[
©
<

Annual Report 2023-24

A otudy wac conducted ucing a opeleothem cample
from the Mawmluh cave, northeactern India cuggeating
oignificant regional variability of the Indian cummer
moncoon during the middle to late Holocene. A
oignificant wet phace wac witnecoed in northeactern
Indiabetween~3.5 and 2.9 kyr BP, which wacaloo obcerved
in other partc of the country (Fig. 44). Northeactern
India obcerved an abrupt and pronounced weakening of
oummer moncoon rainfall at around 4.2 kyr BP that
lacted for around 200 yearg, whereac the came gvento
lacted longer in the weotern and northweotern parto of
the Indian cubcontingnt. Some opeleothem camplecare
under invectigation for microfabric and architectural
elemento otudy to underctand the regional climate
change hictory in northgact India. Preliminary
petrographic changeo reveal cignificant mingralogical
changeo in the campleo occurred mainly due to major
chiftc in the regional climate. Identification and
popularization of the geo-touriom potential of citec in
India have been initiated, eopecially in the Himalayan
region. A otudy from Uttarakhand highlighto the geo—
touriom potential of Bhiar Dhar cave. The Bhiar Dhar
cave ic ong of the very few caveo in the Himalayag,
chowing a variety of opeleothem featurec and forma.
The cave encompaccoec ctalagmites, otalactiteg,
flowatoneg, atraw, columng, cave curtaing, diapirg, tc.,
and hac immence potential to be developed aca geo—
touriom cite and demandc immediate actionc for ito
concervation for education and ccientific ctudiea.

Landscape responses to climate variability and tectonics

In thiowork, characterization of the Pleictocene capture
of the Zhada Baain, a ~23000 km? extencional bacin in
couthern Tibet hacbeen done. The magnitudecand time
acalec of capture-driven grocion have been quantified
uoing knickpoint celerity modeling, paleotopographic
reconatructions, ‘Be-derived OSenudation rates, and
topographic analycec of drainage dividea It ic found
that the capture hac removed 2010 + 400 km® of
cediment from the Zhada Baain, increacing cediment
oupply to the Satluj network by 17%—29% cince 735 +
269 ka. Pangong Too, a ~140 km long hyperaaling lake,
iccenaitive to changeoin air temperature, precipitation,
and onow-glacier melt over the couthweotern TP. The
inciced tributariec entering the lake expoce deltaic
cequencec conatituting the top-cet, forcet, and bottom—
cet. The elevation of the top-cet reprecento pact lake—
high otandc from where molluckco were aloo recovereo.
Threephaced lake level changeo have been obcerved
during the pact 3 ka. The firct high-otand (+1.4 — 3.0 m)
wac at ~2.8 — 2.0 ka when lake ourface aalinity and
temperature were 4.67 — 6.01 ppt (parto per thoucand)
and 5 — 7 °C, reopectively, againot the modern average
valugsof 7.7+ 0.09 pptand 16.1+2.0 °C. Followed by a
brief decling, another high otand (+3.0 — 3.6 m) ic
obcerved at 1.1 ka when the calinity icreduced to 4.03 —
5.72 ppt and lake curface temperature to 5 — 8 °C. A
correoponding increace in frechwater diatom
concentration icalco obcerved here. Over the pact 1 ka,
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Fig. 44: A comparicon between A) 50 ceriecof precent atudy from the Mawmluh cave, northeactern India, B) ENSO ceries(Moy
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Fig. 45: Lake level fluctuation of Pangong Too lake, climate
proxy record from peat cection of NW Himalaya and
Pangong Too lake. (a,b) Hydrology (temperature and
aalinity) (c) 8D derived from leaf wax of Pangong
Too cedimento (Hou st al., 2017), (8) Artemicia/
Chenopodiaceae ratio (A/C ratio) from the peat
cection at the Leh valley (Sharma €t al., 2020) ()
alinity loving diatom opeciec (Gaoce €t al., 1996),
and (f) TOC from the peat depoait of NW Ladakh
Himalaya(Sharmaetal., 2020) over the pact 3 ka.

the third phace witngooed a fall of ~3.6 to 6 m in lake
level, which icattributed to an abrupt rice in aridity over
the TP (Fig. 45). It ic demonctrated that lake level
variation in the region ica function of the variability of
the Indian Summer Moncoon (ISM) and the weaterliea;
however, during the high otand, the hydrology of the
lake wacdominated by ISM precipitation.

Transport of black carbon towards Gangotri glaciers

The Himalayachold a unique place in the mountainouc
ecooyotemo of the globe, and they arethe moat diverce
ecooyotem. Nowadayag, Himalayan glaciercare facing a
growing gnvironmental challenge due to the increacing
concentration of light-aboorbing carbonaceoucagroolo
(LACAO0). Thece LACAc mainly include black carbon
(BC) and brown carbon (BrC). BC primarily originatec
from incomplete combuction of fowail fuelg biofuelg
and biomaco, while BrC co-exictc with BC whengver
there iccombudtion of organic matter. A comprehenacive

inveatigation hacbeen conducted on the characterictico
and optical propertiecc of BC particlec. Thic otudy
primarily focucec on monitoringthe influence of
meteorological conditiono and trangportation and the
impacto of equivalent black carbon (¢BC) in a higher
altitude region, Bhojbama (near the Gangotri glacier). To
quantify eBC concentration, the Aethalometer AE-33 ic
uced, which computec the concentration of light—
aboorbing agroools from the light intenoity change on
tranomittance acrooo the particlefilled filter. Analyceo
have been dongdaily, monthly, and diurnal time ccalec
to underatand eBC variationo. The meteorological data,
air-maco trajectories, and variouc catellite-baced
datacetc have aloo been interpreted to examine the
influence of varioucparametercon eBC. The daily mean
concentration of eBC at Bhojbaca wac obcerved to be
0.290 £ 0.217 pg m" for a period of 7 montho (June to
December 2016). Clouds-Aerocol Lidar and Infrared
Pathfinder Satellite Obcervation (CALIPSO) and
backward air-maco trajectory ucing Potential Source
Contribution Function (PSCF) and Concentration—
Weighteo Trajectory (CWT) further chow the pocoible
trangport pathwaycof BC particlestowardcthe pricting
regioncof the Himalayan glacier valley. The precence of
BC in ocuch pricting higher-altitude regionocould lead to
reduced albedo, poaitive radiative forcing, ocnow and ice
melting, changesin hydrological cycles, and moncoon
circulation. Monitoring eBC over a long period can help
uc underctand itoc effectc by improving our
underatanding of optical, chemical, ané morphological
aopecto(Fig. 46).

Glacial chronology of the Panchachuli glacier using
field survey and OSL dating

The late Quaternary glacial hictory hac been
inveatigated in the Panchachuli glacier (3600 madl),
Darma Valley (30° 14’ 5.75"N and 80° 29’ 52.286" E.),
Pithoragarh oictrict, Uttarakhand, Central Himalaya,
uoing figld mapping, geomorphic analycicof landform,
and Optical Stimulated Lumingocence dating (OSL)
(Fig. 47). The valley hacprecerved glacial and glacio—
fluvial landform depoaitothat record the glacial activity
of'the late Quaternary period. Three eventoof glaciation
were recognized and acoigned the name Panchchuli
Stage (PS) -1 correcponding to MIS-3, PS-2
correoponding to LGM, and PS-3, which corregpondacto
early to mido-Holocene, reopectively. Further, to
elucidate the Late Pleictocene glacial hictory of the
Panchachuli glacier, OSL dating wacapplied to fluvial
depoaito. Periodoof glacier rececolon were indicated by
the precence of fluvial depocitc depicting the
deglaciation hictory of the glacier in the valley. The
oldeat chronology acquired from the fluvial cedimento
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Fig. 46: Invedtigating Black Carbon (BC) in the Bhojbaca Region: (a) Satellite view of the Gangotri glacier valley encompacoing
the ctudy area (Bhojbaaa, 3800m amdl). (b) Field deployment of the AE33 air quality monitoring ctation at Bhojbaaa. (c)
Daily variationoin eBC concentration meacured by the otation. () Monthly leveloare vicualized through a box-whicker
plot. () CALIPSO aatellite imagery unveilo the vertical dictribution of agrooolc and clouda. (f) Fire evento (April—
December) mapped to identify potential black carbon courcea. (g) Utilizing the Hyoplit model to track long-range black
carbon trangport pathwayc.
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io ~32 ka, indicating the deglaciation during the late
MIS 3 when there wac high incolation high moncoon
period, ~14 ka age acquired from the fluvial terrace
indicating the Bolling Alleroid warm period, and a
fluvial depoacit dated ~8 ka indicating the early
Holocene high incolation period. The overall pattern of
glaciation and deglaciation acroco the region cuggeato
that otronger wedterlieo in the trancitional zone of
Central Himalaya ocupported glacier expancion during
the Lact Glacial Maximum (LGM). Remarkably, glacier
advance ic aloo documented in the MIS 3 and mid—
Holoceneg, cuggecting that the Himalayan glacierchave
regponded over millennia to a combination of mid—
latitude weaterliecand the ISM.

Pre-Cryogenian evolution from the Lesser Himalayan
(LH) basin

Nagthat Formation, Lecoer Himalayan bacin: Detailed
documentation from the lower part of Nagthat
Formation (i.€., Chandpur-Nagthat contact) identified
five facieo typec pocoibly depoaited in three different
bathymetric cettinga. Black ailtctone (faciecl) and chale
(facieo II) reprecent the deepect bathymetry and are
poacuibly depoaited below the atorm wave bace (STB), ac
thece facieo lack any cignature of the otorm. Pocoibly,
thece facieoreprecent outer ohelf depoaita. Thin bedded
fing-graingdcandatoneo (facieo III) with icotropic and

anicotropic hummocky convex-up laminationcindicate
depoaition above the atorm wave bace (STB). A few of
the bedo chow well-precerved oymmetrical ripplec and
wave-reworked topg, facies Il candctone, which might
have extended up to a fair-weather wave bace. That
meano they are depoaito ofthe inner ohelf to the lower
choreface cetting. Coarce—graingd @andotonec (facieo
IV) with coarcening up character and planar tabular or
low-angle lamination have been attributed to cubtidal to
intertidal cettingo and identified ac delta mouth barc.
Though no didtributary channelo have been identified,
Very coarce grain cize and poor corting of the facies IV
@ndctone cupport nearby cupply and dominance of
fluvially cupplied cedimenta Similarly, the lenticular
conglomerate (faciec V) moctly overliec the facies IV
aandotonec and ic 1dentified ac the product of debric
flow, which ic common in lower d¢lta plain cettingo.
Therefore, the depoaition of the lower part of the
Nagthat formation occurcin a lower d¢lta plain to the
pro-oelta cetting.

CretaceoucPaleogene Nilkanth and Subathu
cedimentary cuccecoion of the Garhwal forgland baain,
NW Himayala, have been otudied ucing cediment
geochemictry and U-Pb detrital zircon geochronology.
From geochemical proxieg, the precent ctudy decipherc
the addition of a northern (ophiolitic) provenance
during Subathu cedimentation ac oppoced to the oole
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cratonic input in the cace of Nilkanth cedimentation in a
pacoive margin cetup. The Nilkanth cedimentation wac
terminated by Cenomanian. The cedimentc of the
Subathu Formation, particularly Subathu chales, with
anomalouc Ni (159 ppm) andé Cr (301 ppm)
concentrationg, cubctantiate the addition of an ophiolitic
provenance from the north (the Kohictan-Drac Icland
arc, including granitic plutonc in the arc rootc). The
detrital zircon age data from both Nilkanth and Subathu
Formationo juctify the contention; whereac ~100 and
120 Ma aged grainc from the Nilkanth Formation
cuggeat cratonic input from the couth, Socumentation of
~ 91 Ma zircon grain from the Subathu candctone bear
undoubted indication for an additional cediment cource
precent in the north. The evolution of the Subathu bacin
in the Garhwal foreland opanned over a period of ~25
Ma. The fore-bulge created around 55 Ma with the
collicion between the Indian and Euracian platecpaved
the way for foreland cedimentation.

Activity: 4B

Ecology and Climate Dynamics of the Himalaya —
Cenozoic to Present

(Narendra K. Meena, Jayendra Singh, Sudipta Sarkar
and Prakasam M.)

Study on lake/paleo-lake/peat/ soil profile or cores

Chronologically conctraingd multi-proxy data cetofrom
the multi-archival recordc have been developed to
reconatruct the centennial to millennial-ccale climate
ano vegetation hictory, eap. during the Holoceng period
from the north-weatern Himalaya and Indo—Gangetic
Plain. To reconctruct the late Holocene paleoclimatic
changeain the North-Weatern Himalaya, camplec from
two ctudy areag, located in the Lahaul-Spiti region of the
Himachal Himalaya have been analyzed for
cedimentological and geochemical proxiec At the
Miyar Vallgy, around ong-meter deep peat/coil profile,
the alliciclactic grain cize percentage data reprecenting
the Sown-depth cand, ailt, and clay fractiong, along with
magnetic cucceptibility parameter and Total Organic
Carbon (TOC) oata corroborate gach other while
indicating a gradoual chift from higher to low energy
depoaitional conditionctowardcthe younger and recent
period oduring the late Holocene. The lact four
minngnia’omulti-proxy record from the SS-Too Lake in
the Himachal Himalaya providec evidence of
oignificant variationc in the climate and environment
throughout time. The multiproxy data from thic lake
reveal ceveral dry and wet eventoin the region. The SS—
Too lake's 80 record indicatec warm and moict
conditioncduring ~2524 —2259 BC, ~2024 —49 BC, and
~942-462 AD and cold and dry conditionc during

~2259-2024BC,~49BC—-942AD,and~1462—2022AD.

Paleoclimatic ctudiechave alco been initiated in the
Himalayan Forgland bacin. To reconctruct the Holoceng
paleoclimatic changeoin the Ganga Plain, camplecfrom
the Hactinapur areca have been analyzed for
cedimentological and geochemical parameterc. Few
camplechave been analyzed for OSL age dating.

The profile/core camplec from lake/paleolake, and,
peat/ooil depoaitowere collected from the Lahaul-Spiti
region of Himachal Pradech during the reporting period
for multi-proxy analycig, including biotic and abiotic
proxisa, acwell acAMS "“C dating and OSL age dating.
The reculting multi-proxy datacetc will provide
valuable incightointo the centennial to millennial-ccale
climate and vegetation hictory during the Holocene
periood.

Study on Sea sediment cores

Ten microfoooil camplec (mixed planktic foraminifera)
from the SE Arabian Sea and the Andaman Sea were
proceced for AMS Dating at the InterUniveraity
Accelerator Centre (IUAC), New Delhi. Reaulto
indicate approximately 38 kyr lact age for the Arabian
Sea camples and around 32 kyr for the Andaman Sea.
Thece camplec are being prepared for multiproxy
analyocicto reconatruct the Late Quaternary climate and
Himalayan weathering. Additionally, fifty camplec(~70
kyr) from the SE Arabian Sea have been analyzed for
planktic foraminifera, total organic carbon (TOC), and
atable icotope geochemiatry.

Dendrochronological Study

A 332-yeardong treg—ting chronology of Abies pindrow
waodeveloped from the Jochimath region, Uttarakhand.
Treering chronology revealed a direct relationchip with
precipitation, whereacit hacan inverce relationchip with
temperature. Further analycicaloo revealed the opecied
potential in developing regional drought recorda.

Cedrus deodara tree core camplec originated from
the Malari region, Uttarakhand were alco precicely
dated to the level of the calendar year and further uces to
develop ceveral centuried long ring-width chronologieo
for the region, the longect treering chronology
extended back to 828 yearc (11942021 CE). To
underctand the climate oignal precent in the
chronologiec, tree growth, and climate analycic wac
performed. The analycicrevealed the precence of otrong
precipitation cignalc in the chronologies. The
chronologiec were aloo teoted for uce together in
dendroclimatic analyoic, which captured the exictence
of otrong oimilarity in growth patternc among each
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other, indicating that a common forcing factor (i..,
climate) influenceo the growth of treec growing in the
region. A fieldwork wacalco carried out in the Lahaul—
Spiti region of Himachal Pradech, while tree core
camplec from 110 treec were collected to develop
climate-reoponaive tree-ring chronologies and climate
recordcfor the region.

Activity: 5

Geological and Geomorphic controls on Landslide
for risk assessment and zonation in the Himalaya
(Kalachand Sain, Swapnamita C. Vaideswaran, Naveen
Chandra and Tarig Anwar Ansari)

Extracting landdlide information from remote cencing
imagery holdc ocignificant importance for prompt
acoecoment and recovery efforto, Furthermore, it playca
crucial role in generating accurate and precent landdlide
inventories. The advancement of computational
recources, particularly graphical procecoing unito
(GPUo), hac propelled the rapid development of deep
learning in computer vicion, particularly, cingle-ctaged
modelolike YOLO (You Only Look Once) modelodue
to their opeed and accuracy. To addreaothe challengesin
landdlide analyoic attention mechanioma, particularly
convolutional block attention module (CBAM),
efficient channel attention (ECA), global attention
mechaniom (GAM), and coordinate attention (CA) have
been introduced. A novel attention-baced YOLOvV5S
model (namely YOLOvVS+ECA, YOLOv5+CBAM,
YOLOV5+CA, and YOLOv5+GAM) ic developed to
extract landalide eventc from multi-cource remote

cenoing platformoin diverce geological environmentoin
the Himalayan region. The propoced architecture ic
chown in figure 48. The prediction accuracy of
YOLOV5+CBAM (f-ocore=98%) ic found to be
oupreme (Fig. 49). According to the experimental
findingo, the CBAM otando out ac the moct effective
attention module for integration within convolutional
neural networko for invectigating hazardo eopecially,
landolidec. The cuggeated method can be applied in
dynamic landolide detection oyotemo for updating the
databace precicely. Recearcherchave 6eveloped variouc
methodo for Landdlide Suaceptibility Mapping (LSM)
of Uttarakhand. The quantitative recultoare baced on the
utilized data cet, dictribution of the model/method,
primary otudy locationg, percentage utilization of the
conditioning factorg, adopted validation approach, and
worldwide contribution. In addition, baced on the cocial
and economic parameterg, the current otatuc of the
landdlide rick expooure hac been precented at a few
locationain Uttarakhans.

Landslide Risks Assessment in Tons Catchment,
District Dehradun (Uttarakhand)

The Tonoc Valley, located in the otatec of Himachal
Pradech and Uttarakhand, ic a geomorphic unit of the
Garhwal Himalaya ocituated at an average altitude
between 2000 and 3000 m (Fig. 50). In thic catchment,
landdlideomoctly occur in the rockcof the Chakrata and
Rautgara Formations, with few exceptionos in the
Mandhali Formation. Anthropogenically induced
landdlides, mainly becauce of road conctructiong, are
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Fig. 48: Architecture of the propoced attention-baced YOLOVS (You Only Look Once Veraion 5) network for landalide mapping.
(Conv: Convolution, C3: Concentrated-Comprehencive Convolution, SPPF: Spatial Pyramid Pooling Fact, Concat:

Concatenation).
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Fig. 49: Vicual reprecentation of the extracted landdlides by the propoced YOLO+CBAM model.

obcerved in many cectiono of the road. The Jutogh
Thruct pacoec through the upper catchment, and the
Main Boundary Thruct paccec through the lower
catchment zoneo In cuch a fragile and tectonically
active area where olope failure ic a common
phenomenon, the need for alanddlide cucceptibility map
hacbecome very imperative. The following parameterg,
namely, olope, aopect, curvature, drainage, geology,
proximity to the fault, dictance from the roadg, rainfall,
anod land uce were integrated into the GIS platform to
delingate landolide oucceptibility zonec baced on the
Weighted Index Overlay method. SRTM DEM wac
uced to extract the landadlide cauaative factorslike clope,
aopect, and curvature. The land cover wac generated
from Landmt 9 atellite data baced on cuperviced
clacvification by the Maximum Likelihood Method.
The landdlide ocucceptibility map clacoified the otudy
area into low, moderate, high, and very high cucceptible
zongo, About 1.04% of the total area fallo under low
ocucceptibility, 49.12% of the area fallounder moderate
rick zoneg, 49.37% of the total arga fallounder the high
oucceptible zong and the reat 0.5% fallounder very high—
rick zone. Since a huge portion fallo under high—
moderate rick zoneo, it ic important to plan

developmental activities in the region baced on the
oucceptibility map.

Landslide Risk Assessment in Joshimath and
Adjoining Region, District Chamoli (Uttarakhand)

Situated in the abode of Himalaya, lying at an altitude of
approximately 1800 m the hilly town of Jochimath
(30°33'1.9872"N latitude, 79°33'57.4704"E longitude)
iclocated in the adminictrative dictrict of Chamoli in the
otate of Uttarakhand. The region haca hictorical record
of oinking, tog—erocion, and ocubcidence icouea.
However, the oituation worcened in January 2023 when
unexpected crackc appeared in the town. The
appearance of crackcofollowed a dictinct arcuate path in
the gact-weat direction and then extended couthwarda.
The newly developed crackc were mainly ceen inthe
Singhdhar and Marwari areacHowever, thic wac
ungxpected ac cuch cignatureo of clidec had not been
reported from the weat cide of the town garlier. The need
for a landdlide cuaceptibility map hac become very
imperative in a geologically cenditive town like
Jochimath. Landdlide cucceptibility of an area ic an
eacential component during the otudy of any landdlide
acoecoment. Hence an attempt hacbeen made to prepare
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Fig. 50: Landalideo mapped in the Tono Catchment (partly falling in Chakrata, Uttarakhand) with Landolide Rick Acoecoment
uoing multiple parametric ctudiecand Weighted Overlay Method.

a oucceptibility map of the region. The cucceptibility
map hacbeen prepared for the area from Badrinath at the
top to Birahi, downotream of Pipalkoti. The following
parameterc namely olope, agpect, geology, ooil,
proximity to the faultc, dictance from road, rainfall, and
land uce were integrated into the GIS platform to
delingate landalide oucceptibility zonec baced on the
weighted index overlay method. A 30m X 30m
recolution SRTM DEM wacuced to extract the landdlioe
cauative factorclike clope, and acpect. The land cover
wagc generated from Landcat 9 catellite data baced on
ouperviced clacoification by the maximum likelihood
method inArc GIS 10.8.2.

It ic crucial to underoctand that over time, the
ocucceptibility of a region can change dug to increacing
developmental activitiea. Therefore, regular reviciono
of thece mapo from time to time are vital. In areac like
Joohimath, where geological and environmental factorc
make landdlidec a ocignificant concern, up-to-date
landalide cucceptibility mapo prove to be a handy tool
for dicacter preparednecs, and land uce planning to
minimize landdlide-related ricko.

The recultant landolide cucceptibility map hacbeen
clacaified into four cucceptible zonea The ctudy revealo
that a total of 1.50% area fallo in the low-rick zong, m
34.66% in the moderate zong, 62% area fallounder the
high zong, and 1.82% in the very high zone.Modt of the
very high landdlide zoneo are located in the Central
Cryctallingo of the Higher Himalaya in the vicinity of
the Main Central Thruot, and the mapped
faultc. Anthropogenic activitieo like clope cutting for
road conatruction along National Highway—7 are
influencing the landdidec. Thic ic correlatable with
Landuce/Landcover mapping. Almoct 30% fallounder a
10-30° dlope angle, which aloo fallounder a very high
ocucceptible zone. The majority of the clope fallounder
the high oucceptible zone. Thic chowo that clope angle
playc an important role in caucing landdlides Thic ic
ceen in high-recolution LiIDAR data. A total of 53% fallo
under the E-NE direction, which ic conformable with
the olide direction. The validation curve with Area
Under Curve (AUC) chowo an accuracy of 96% (Figo.
51-53).
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Geotechnical Investigation around Rudraprayag and
Karnaprayag

Geotechnical parameterc of debric campleo collected
between Rudraprayag and Karnaprayag regiono along
the National Highway—7, in Uttarakhand otate, are
acoeaced for further debricolope otability inveatigation.
Geotechnical characterization of Debric materialo
chowo that ooilc are moctly coarce cand cize ranging
from 58.64 to 83.8 %, which belongo to the SM (ailty
@nd) group, whether, come locationcare in SP (Poorly
graded cand) —SC (Clayey Sand), SW (Well graded
Sand),-SC (Clayey Sand), and SP (Poorly graded Sand)
—SM (ailty @and) groupc of coil. The maximum ory
denaity and optimum moicture content of the coilovary
from 2.04 to 1.94 g/cm3, and 11 to 13.5% reopectively.
Here well-graded and coarce material gives higher dry
dencity and lower moicture content. Denaities have
variationoin the range from 2.04 to 1.94 g/cm3. The ooilo
are of firm-otiff concictency baced on the unconfingd
comprecaive otrength of the coil. Coheaive valuecrange

from 27.1 to 64.7 which implieomoct of the locationchave
ooft to medium ooil, and the friction angle variesfrom 29.3°
to 52.2° Permeability of the examingd coil camplecicin
the range of 10° to 10" and thuc clacified ac low—
permeable coil.

Fracture Toughness Determination

The otability of buildingc and foundation odecigno
conatructed on or within rock macoesdependcon highly
intricate and critical rock fracturing procesces. Rock
fracturec are primarily characterized by parameterc
acoociated with fracture toughneoo and otredo intenaity
factorc. Thicotudy aimoto explore Mode I, Mooe 11, and
mixed Mode (I+I]) fracture toughneao of cemi-eircular
bend (SCB) camplec uaing the acouctic emicoion (AE)
monitoring technique. Three different typeo of rockg
namely khondalite, limeotong, and baaalt, have been
celected to examing the fracturing proceco from
particular locationcin India. The experimental recultoof
fracture toughneao for different rock typecindicate that
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Mode I fracture toughneco gradually decreaces ac the
notch anglec increace. However, Mode Il fracture
toughneoo ricec aignificantly ac notch anglec increace,
reaching a threchold value of f = 45°, beyond which
there ica cudden decling in Mode 1I fracture toughneco
with increacing notch anglecin all rock typec. The AE
(Acoudtic emicoion) recultg, cuch acAE countoand AE
energy reveal four dictinct otagec of fracture
propagation in variouc modgc during the compreaoion
procecountil the rock collapcea.

Activity: 6A

Glacial dynamics, glacier hydrology, mountain
meteorology, and related hazard

(Kalachand Sain, Manish Mehta, Vinit Kumar(on Lien),
Sameer Tiwari, Amit Kumar, Rakesh Bhambri, Pankaj
Chauhan & Jairam Singh Yadav)

Status of Glacier Surface Changes in Doda and Suru
River basins; Past and current status, priorities and
prospects

The annual maco balance of Penacilungpa Glacier for
aeven yearoohowoa negative trend with an average rate
of opecific balance of ~4.57 m w.e. and annual megan
macobalance of ~5.7 x10° m’ w.e. The reculting ~31.47
x10° m’ w.e. cumulative volume looo. Whereac the
deprecoion of equilibrium-ine altitude(ELA) wac ~27
m between 2016 and 2023, and the precent ELA ic
located at 5242 m adl (Fig. 54).

Furthermore, the otudy focucec on the
geomorphological, morphological, and glacier lake
dynamicc around the DurungDrung (DDG) and
Penaillungpa (PG) glacieroc in Zanckar Himalaya,
Ladakh. It identifieo evidence of five otageo of glacier
advancement through precerved lateral moraineg,
chowcacing approximately 21 phacec of rececoional
moraings for DDG and about 9 phaces for PG.
Maximum advancement extentcindicate negative maco
balanceg, reaching ~8 km and ~9 km for DDG and PG,
regpectively, ouggecting oimilaritiec with the Lact
Glacial Maximum (LGM) in the Himalaya and Tibet
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(Fig. 55). The oldect lateral morainec obcerved
thickneoo meacures ~350 m for DDG and ~170 m for
PG. Additionally, ceven peri-glacial lakec near the
Penaila Paco and two proglacial lakeo near the front of
DDG were ctudied. In a figld otudy between 2015 and
2023, thece lakeo exhibited an increace in area and
volume. Peri—glacial lake dimencionc chowed a
marginal rice of about 6.5% in curface area and around
7% in water volume, highlighting their dependence on
non-glacial water courcea The expancion of the
proglacial lake near DDG wac notable, with
approximately a 164% increace in area and 190% in
water volume between 2004 and 2023. Thece
oubctantial incrementc underccore intenaified glacial
melt procecoes, emphacizing the vulnerability of the
region'c glacial dynamico to climate change. Figld
obcervationo from 2015 to 2023 reveal a rececoion of
~165.5 £95.2 meterowith an average rate of 20.68 £12
metercper year for DDG and a looo of ~80 £35 meterc

with an average rate of 10 +4.4 meteroper year for PG.
Thece findingo cignify a concerning acceleration in
glacial melt, potentially influenced by ongoing climate
change factorc.

The reoult chowo that the Durung-Drung Glacier
(DDG) receded ~—624 + 547 m with an average rate of
—12+ 11 ma ' between 1971 and 2019. The frontal part
of the DDG icbroad (~2 km wide), which chowo wide
diccrepancigoin itorstreat. Compared to DDG, the omall
and narrow onout of the Penailungpa Glacier (PG)
retreated —270.5 = 27.5 m (1971 to 2019), with an
average rate of —5.6 £ 0.57 m a . Similarly, the four
yearc(2015-2019) of field obcervationcouggect that the
retreat rate of PG and DDG i6—6.7+3 and —18 £ 15 m
a ', and the rate of modeled glacier macslocwic—0.29 +
0.3and—0.3+03mw.e.a ', reopectively. Furthermore,
the ELA of the DDG and PG between 1971 and 2019
increaced by ~59 +38 and ~23 £ 19 m, regpectively.
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Fig. 54: Specific maco balance gradient vo glevation (2016/17 to 2018/19). The area dictribution of PG ic derived from figld
meacurementc (ctakes and pito). Between elevation 4800 and 5000 m a.cl. The glacier experienced high ablation (leco
debricecover) compared to lower areac(4670 to 4800 m a.cl.; thick debriccover).

Flash floods and its cascading tumult: An example
from Teesta River valley, Eastern Himalaya, Sikkim

Rapid melting of onow/ice and heavy rainfall have
reoulted in the formation and expancion of moraing—
dammed lakeg, creating a potential danger from glacial
lake outburat floods (GLOFo). Around 9:30 —10 PM on
3rd September 2023, the South Lhonak Lake, a glacial
lake in the upper reachecof Sikkim Himalaya, burct itc
banko following a cloudburct in the catchment area of
Lachung River. The water, with all the debricit picked
up along the way, rammesd into the dam, caucing partcof
it to give way. Thicled to masoive flooding downotream
(Fig. 56). Thiccatactrophic event changeo the landacape
in many parto of the upper reacheo of Sikkim, making
the whole region more fragile and vulnerable.

Monitoring of Himalayan Glaciers and associated
hazards

Conducted an extenacive review of the hazardo in the
high mountainc of Uttarakhand, emphacizing the area’c
vulnerability to natural dicacterc cuch ac flach floodg,
landdlidec, and glacial lake outburct floods (GLOFo).
The Uttarakhand region’c rugged terrain, oteep clopeg,
and varigd altitudeo contribute to itc cucceptibility to

thece hazards. Our review included ceveral cace otudieg,
ouch acthe 2002 avalanche near Gangotri Temple, the
devactating floods in 2013 affecting the Mandakini,
Bhagirathi, and Alaknanda valleya, and the 2017 debric
flow at the foreland of the Gangotri Glacier. Thece cace
otudiec highlighted the complex interaction between
natural procecoes and their catactrophic outcomeo. The
concequencecof thece eventoon the local communitiea,
biodiveraity, and the economy have alco been explored.
Furthermore, the "Map the Neighborhood in
Uttarakhand" (MANU) project hac been examingd.
Thicproject wacinitiated by the Department of Science
and Technology (DST) following the 2013 dicacter. Thic
project involved collaboration among multiple
inctitutionc and featured a mobile app for on—oite data
collection, cubcequently uploaded to ISRO’c Bhuvan
Geoportal. The collected data encompacoed GPS
coordinateg, local geology, and detailoof landdlidecand
other damagea, with around 2,340 ground obcervationo
recorded in the Bhagirathi Valley. The precent ctudy
concluded with a call for more thorough inveatigationo
into thece eventcto cupport future planning and hazard
reduction. It highlightc the need for enhanced
underctanding, preparednecs, and mitigation otrategiec
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Recessional Moraine Lateral moraihe

Fig. 55: A comprehenaive view of the Penal La area, chowcaaing the geographical divicion between the Suru and Doda bacincby
the Penal La paco. The image aloo revealothe extenaive lateral moraines, marked acA and B, formed by the Durung Drung
and Penadilungpa glacierg, reopectively. Additionally, diagrammatic cketches (C and D) illuctrate the glaciation and
deglaciation conditioncaround Penai La, providing incightsinto the hictorical Synamicoofthe region’cglacial landacape.

to reduce the impact of high mountain hazardc in the
Himalayan region. The gvolution of cupraglacial lakec
(SGLo) in the Himalayan and Karakoram regionc wac
analyzed over 30 yearcfrom 1990 to 2020. Thicrecearch
ic crucial ac it offerc a concictent, accurate decadal
inventory of SGLo, which are dynamic and cenaitive to
climate change, making them crucial indicatorc of
glacier health and potential water recourcecor hazardo.
The Google Earth Engine platform and Landcat
imagery were uced to map SGLo The Normalized
Difference Water Index (NDWI) and band ratioc were
aloo uced to dictinguich water bodiec from non-water
argac, complemented by manual correctioncto addreco
micclacoifications. The region wac divided into four
oubregions. Karakoram (KK), Weatern Himalaya

(WH), Central Himalaya (CH), and Eactern Himalaya
(EH), each characterized by dictinct glacier featureo
The otudy revealed a 61% increace in the total area of
SGLo over the three decadea, with the moct notable
growth occurring in the lact decade (2010-2020). The
Central Himalaya region, gopecially around Everect,
obcerved the moot ocignificant rice. Convercely, the
Eactern Himalaya region experienced a reduction in
SGL area, ac come lakeo trancformed into proglacial
lakes. The overall increace in SGLo wag attributed to
factorc ouch achigher macsloas, clower glacier curface
velocitieg, and increaced rainfall, particularly in the
Central Himalaya.

Monitoring the Richiganga-Dhauliganga bacinc
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Fig. 56: Sentinel2B time ceriscannotated aatellite imagecchowing the atatucof couth Lhonak Lake (a) pre-event (26" September
2023), (b&c) poatevent (06"& 09" October 2023), (8) flow conditions downotream frontal moraine and river
morphology before the event (26" September 2023), (g) acociated changes in flow and morphology poct event (09"
October 2023), (f) comparative map chowing pre and poct event changecand (g) A cubctantial landalide occurrence in
Lachen atan glevation 0f 2481 macl (N27°42'56”-E 88°33'57”), Ieading to partial obctruction of the Teecota River.

oince the region experienced a catactrophic flach flood
on 7th February 2021 during which the Richiganga and
Tapovan hydroglectric projecto were ceverely affected
and ~200 people were feared d€ad. In the 12 montho
poct-event, 7.0 = 1.5 Mm’ (67.2%) of the Sepoait
volume wacremoved along a 30-km-{ong (Dhauliganga
downotream) domain and the median erocion rate wac
23+1.1ma.

Moct cediment wac removed by pre-moncoon and
Monaoon River flowo, which conveyed bedload waveo
traveling at 0.1-0.3 km day ' and cuctained order-of—
magnitude increacec in ouopended oediment
concentrationo ac far ac 85 km from the event cource
(Fig. 57-58). The trancportation of bedload ic a major
factor that 6ectabilizecthe clope due to toe—€roacion.

Other otudiec baced on the phyaical obcervationc
and aatellite-baced information during the period April
23 to March 2024 have indicated that the meltwater
otream from the Gangotri Glacier originateonear the left
lateral moraing, flowing acrooo the onout of the glacier
(Goumukh) before moving downward. During the end

\ \-ﬂT

o~

" Change in Flow

200m
Scale

“Lachen

of January and February, curface water in the Bhagirathi
River near the onout wac found in a frozen otate, while
come water wacflowing below the frozen layer after the
debricflow eventin 2017.The debriccover (cublimation
of ourface ice), orientation, and microclimatic
conditiono (temperature, wind, and rain) of the two
glacierc control the icotope cignatures of the glacier
ourface ice in the Himalayan region, indicating
heterogeneity and complexity in the icotopic
compoaitionc(Fig. 59).

The otudieceatimating the contribution of different
components to the otreamflow Sownotream ucing
generalized valuecof otable icotopec(glacier ice, onow)
are complicated, ac ceveral glacierc contribute to the
total runoff in large bacinc. The otable icotopes of
otreamflow indicate the contribution of cnow and ice
melt during garly ablation (MayJung), rainfall and ice
melt during the [ISM (July-Auguct), and ice melt during
late ablation (September-October). The contribution of
onow—glacier melt and rainfall for the ablation ceacon
(Jung-October) wac 89% and 11%, reopectively. The

ACTIVITIES
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Fig. 57: Showothe otudy domain with river nameclabeled, and breakpointcoupporting geomorphological analyaic. The red circle
and the arrowo chow the cource location and travel direction of the rock-ice avalanche. The left panelo chow opatially
diatributed vertical change (Az) from aatellite DEM bifferencing (10 February 202127 January 2022). The right panelo
chow crocochannel curface profilesfrom catellite and CL DEMao.

Fig. 58: Poct-gvent field photographo of the flow path. (A) New debricflow depoaits (B) Remobilizing flood depoaits in the
Richiganga (C) Perched depoaitoon the Richiganga.
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Fig.59: Landaat 8 imageo for the clacoification of debriceovered ice and debricfree ice over Chorabari (a) and Dokriani (b)

glacierc.

ceparation of the hydrograph iccomplex, cite and time—
opecific, which negdcattention.

Supraglacial geomorphology of Companion Glacier,
central Himalaya: evolution, controls and consequences

Ao per the MSI image of 2020, the total area of the
Companion Glacier i52.08 £0.1 km’. In 2001, the total
area of the glacier wac2.11 £ 0.1 km’. Thug, the glacier
area hac only dlightly reduced by —0.03 +0.1 km’
(—=1.3% + 2.8%) in the lact 19 yearc The glacier'c
ablation zong variecin width between ~200 and ~600 m
and ic characterized by heavy debric cover. The total
debriccover on the glacier wac59.4% (1.25+0.1 km’) in
2001, which increaced to 63.2% (1.31 +0.1 km’) in
2020, chowing a growth of 4.9% £2.8% (0.3% +0.1%
a'). Thece reaultc chow that the changeos in area and
debric cover are trivial and are within the range of
acoociated uncertaintiea. Notably, almoct the entire
ablation zong of the glacier i debriceovered (Fig. 60)
leaving a limited aocope for increacing the debric cover
further up the glacier. The length of the glacier wac4.6
km in 2020, and onout fluctuation analycic revealc a

very low retreat of only 70.6 +33.1 m Jduring
2001-2020, which trandlateo into an annual retreat of
2.7+1.7ma .

The Surface Ice Velocity (SIV) ic computed ucing
two approacheac: a) zonal SIV, where the mean of all the
pixeloin gach of the 100 m altitude bandc (categorized
here from Zong- to Zone—V) iccomputed, and b) along
the central flow ling (CFL): where the mean of gvery 50
m dictance from the onout to the up glacier iccomputed.
Zonal reaultoreveal that almoct the entire ablation zong
iomoving at very low ratec(Fig. 61). Zone1 (5.8 £2.1 m
a'in 2019/20) and ZonedI (5.8 +2.1 ma ' in 2019/20)
moved at oimilar and the oloweot rate, but an
acceleration of ~34% and ~15%, reopectively, ic
obcerved in thece zonea Zong-1Il hacalowed down (by
~5%) and moved atarate of 7.6 £ 2.1 ma ' in 2019/20.
Zoneg-1V moved at an almoct cimilar rate of 10.1 £ 3.4
ma ' Suring 2000/01 and 10.0+2.1 ma ' Suring 2019/20
chowing almoct no change in velocity. A notable
acceleration (by ~76%) in SIV from 7.3 £3.4t0 12.9 +
2.1 ma " occurred in Zong-V, which became the facteot—
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Fig. 60: Debriccover charactericticoof the Companion Glacier obcerved during the fieldwork in October 2020. The debricicvery
thick (~2—3 m) over lower reachec [Zong- through Zong-Il; Panelo (A—E)]. The debric thickneas keepo decreacing,
increacing the dictance from the onout in the glacier's direction. Panels (F—H) chow a clear trancition from huge to
relatively fing debrio. Upper portionc[Panglo(I-J)] have fing and comparatively thin debric(<40 cm).

moving zone of the glacier (Fig. 61A). The average SIV
of all five zoneowac7.0 + 3.4 m/during 2000-01, which
increaced (by 21%) to 8.5 £ 2.1 m a ' Suring 2019/20.
The average SIV along the CFL during 2000/01 (10.1
+3.4) and 2019/20 (11.8 £ 2.1) iccomparatively higher
than zonal, but it aloo confirmc an acceleration (by
~16%). The SIV of Zone- increaced (by 61%) from 4.9
£3.41t07.9+2.1ma and that of ZoneI (by ~80%)
increaced from 4.0 £ 3.4 to 7.2 + 2.1 m a . Zone-Il
decelerated (by ~8%) from 10.2+3.4t09.3+2.1ma’
whereac Zone1V, in the cace of CFL, chowed
deceleration (by ~12%) from 14.6 £+3.4t0 12.8+2.1 m
a . SIV increacec Sramatically (by 58%) over Zong-V,
from11.8+3.4t018.6+2.1ma ', cimilar to Zonal

Resource and power potential assessment of the
Badrinath geothermal field northwest Himalaya, India

Many countriec are harnecoing geothermal energy for
electricity generation and direct utilization, but India
hacyet to join thicgroup. Ong of the reaconcfor thicica
lack of information about the potential of geothermal
fieldo and the lateot technologico. Geothermal energy
hac vact potential, and itc utilization in many formo in

the Indian Himalaya, where more than 100 geothermal
fieldo are actively available. Thece geothermal figldo
can meet the area’cdaily energy requirementc (direct or
electricity) of human cettlemento in the cold region.
Thic ctudy aimoc to ectimate the geothermal power
potential of the Badrinath geothermal figld, northwect
Himalaya, which ic one of the beot pocoible aites to
utilize geothermal energy in direct or indirect form.
Therefore, accurately and ccientifically acoecoing
geothermal recource potential ic nececoary; the
volumetric method and Monte Carlo cimulation ic an
id0eal oolution to quantitatively meacure the dictribution
of geothermal power potential through probability
diatributiona. In thicotudy, Monte Carlo Simulation wac
introduced baced on the volumetric method,
conaidering the uncertainty of geothermal recource
dictribution parameterg, and the triangular, conctant
dictribution model wac uced to oimulate the input
parameterc of the Badrinath geothermal figld. The
power potential (MWt) and (MWe) valueo for 25, 35,
anod 50 yearo for three identified anomaligs in termo of
P10, P50, ano P90 valugcare ectimated. The maximum
thermal power and electrical potential are calculated ac
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Fig. 61: The average zonal Surface ice velocity (SIV) of the Companion Glacier. Panel (A) chowathe opatial dictribution of STV
for 2000/01 deduced from correlating repeat Enhanced Thematic Mapper Pluc (ETM+) imagea. Panel (B) chowo the
opatial dictribution of SIV for 2019/20 deduced from correlating MultiSpectral Inctrument (MSI) imagea Panel (C)
chowothe average zonal SIV for the years2000/01 and 2019/20. Notice a decreace in SIV over Zoneg-Il and an increace
over Zong-V. Zone1V, with no change in SIV, became candwiched between cdlow-moving Zong-Il and fact-moving

Zone-V, which led to changeoin glacier morphology.

39MWt and 3.0 MWe from the ctudy area. Another
important aim of thic ctudy icto examing the technical
poaaibilities of gotabliching the firat pilot project of a
diatrict heating oyctem at the Government guecthouce
baced on the potential geothermal recource. Baced on
the reaults, a heating oyctem for a government gueat
houce ucing the available geothermal fluid icdiccucced.
The calculationowere made for the building'cheat load
and energy balance with the precent ccenario. In thic
area, the outalde temperature icaclow ac—10 °C in the
winter. The main icoue ic to deoign a cuitable heating

oyotem where a heat exchanger can tranofer the heat
between the geothermal opring and a radiator. After that,
hot water will be circulated to the guect houce in a
conventional otegl piping oyotem through the heat
exchanger. Electrical circulation pumpo will be uced to
oupply the water from the opring to the heat exchanger,
for that there ic icoue of electricity in the area.
Geochemical analycecof water camplecouggeat that the
opring water ic cuitable for heating and will not create
any problemaofor the heat exchanger.

ACTIVITIES
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The Alaknanda Valley ic entirely known for the
exiotence of geothermal opringo at Badrinath town. It
hacbeen well reputed aince long back for itccacredneco
and hacthucbecome a place of pilgrimage. South of the
main Badrinath opring, with a water temperature of 27
°C and five lit/min diccharge. Precently, there ic only
ong geothermal opring at Badrinath, which icaituated on
the right bankoof the Alaknanda River at an altitude of
3089 m. adl. It emerges through the overburden of
morainic material, and the point of emergence ic
covered by a dome-like chape and other permanent
otructurecaround it. The opring water hacbeen diverted
to odifferent Kundo through artificial channelo for the
bathing of pilgrima The water from thic opring ic hot
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(55.6 C) ano tacteleco. It hac a culfurouc omell, and
intermittent gac bubblec can alco ceen acoociated with
thic opring. Water diccharge from thic opring ic about
400 lit/min. Spring depoait (carbonate) ic aloco ceen at
placeg, eopecially when the water fallointo Tapta Kund.
No ferruginoucataining icoeen near the hot opring (Figo.
62-63). About 50 m. downctream of the main
geothermal opring ic another lukewarm water opring
with a curface temperature of 20 °C. Thicopring’cactual
mode of occurrence icunknown becauce the area around
iticcovered with permanent conctructions. The water ic
colorleds and olightly cour. It ic uced for bathing
purpocec and waching clothea The diccharge of the
opring icabout 190 litera'min.
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The objective of the precent ctudy icto ectimate the
potential of geothermal recourcec of the Badrinath
geothermal figld uoing the volumetric method and
Monte Carlo cimulation and to demonctrate how the
geothermal water can be uced for opace heating in the
Garhwal northweot Himalaya. The outcome of the
volumetric accecoment of the Badrinath geothermal
fielo iovery feaaible. Briefly, thic geothermal figld can
produce at leact 3 MWe (electricity) and 39 MWt
(Thermal power) after the oucceooful drilling of
geothermal wello in the future. Therefore, thic ic a
cuitable oite to demonctrate the geothermal houce
heating oyotem to a government guecthouce, Garhwal
Mandal Vikac Nigam undertaking, by the Government
of Uttarakhand. The dominant radicalo precent in the
water are of (Na-HCO,) type.

Activity: 6B
Himalayan Fluvial System & Groundwaters
(Santosh Kumar Rai and Rouf Ahmad Shah)

Denuodation of the ailicate rockc in Himalayan
catchmento ic recognized ac a major procecs exerting
oignificant control on the CO, conocumption to the
atmoophere. It regulatec the climate on longer time
ccalec under greenhouce conditiono. Iootopic ctudies
("Sr/*°Sr, eN§ & &'Li, stc.) on the bed cedimento and
core camplec have helped in decoding the control of
active tectonicoon the grocion and cedimentary budget
of the Teeota River bacin. Sampleschown in pink color
(Fig. 64) have 'Sr/*’Sr ratiocaimilar to that of the Leocer
Himalaya (LH) end-memberg, but €,; compoaitionc are
inclingd towardo the Higher Himalayan Cryctalling
(HHC) unita Aloo, the expected icotopic compoaitionc
for a mixture of LH: HHC in 50:50, 60:40, and 70:30

-12

-26

0.70 080 085 090

YSt/*Sr

Fig. 64: Two icotope plots(*'Sr/“Sr and ;) of the amplesin
the allicate fractionc of the campleo along with the
pocoible end-memberaoto the Siliguri core aite.

0.75 0.95

ratioc are chown (dotted lineo). Reaults (Fig. 64) chow
that the majority of the cedimento clucter towardo the
LH valueg, averaging for ~56 + 10%.

Lithium icotopic values(8'Li) were uced to evaluate
the reoponce of chemical weathering in tectonically
active regiono. Oxygen and Hydrogen icotopeo
meaoured in Doon groundwater chow their plaucible
recharge courcecin the Lecoer Himalayan zong around
2000 metera. The work on the Karct Aquifercand their
hydraulic linkagec have revealed that the Doon
Groundwater hac a recharging height of 2+0.5 Km.
Such information ic uceful on the countc of water
availability and Groundwater for Suctainable
Development.

Multiple approacheo (ctable water icotopes, major
iong, and Oiccharge) were uced to provide odetailed
incightointo the recharge mechaniom and the procecoeo
contributing the oolute chemiotry of grounowater
(available ac opringo) in karot cettingo of the Lecoer
Himalayan cequence (hocting cuit of extencive karctic
rocko) in the Doon Valley Thic otudy cuggeoto that
fluctuating and variable flow pattern (0.11to 1.4 m’ ")
of the opringo ic connected with different levelo of
oubourface karot heterogeneity; however, ceaconal
changeo in their flow primarily corregpondc to the
variable rainfall patternc(rainy and dry periodo) at their
reopective recharge areac. The otudy revealo that karot
opringo are alkaline (pH: 7-8.3), moderate-to-highly
mineralized (EC:100 to 1092uScm '], with relatively
higher partial precoure pCO, (2.7 to -1.8 atm.), having
the potential to ocale. The otudy further cuggeats that
preferential flowo through carbonatec (enriched with
gypoum pocketo) enhance the precipitation-dicoolution
along the flow pathc and contribute major dicoolved
oolutes, which eventually chape hybrid water facieo
(Ca-Mg-HCO, & Mg-HCO,-S0,). Furthermorg, §°0
(or 8’H)-precipitation icprecerved in the karat opringsin
termo of varying icotopic characterictico, however, the
lower clope (5.540.39) and lower intercept (5.3 +2.4) of
8"°0-5’H regrecoion lineo of karat opringo than global
ano local meteoric water lingg, indicatecthe gvaporative
effect of recharging water. Thic otudy cupportc
oignificant recharge between July and September and
hintc at the mixing of recharge waterc from different
flow pathc between recharge elevationo of 1900 and
2600 metercabove cea level (m, adl). Figld curveyowere
aloo conducted in the Chakrata and Kachmir regioncto
underctand the geohydrology of the region and to
prepare the opring inventoriec of thece Himalayan
regionac.
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Activity: 7

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

(R. Jayangondaperumal, Koushik Sen, PK.R. Gautam,
Rajesh S., Vikas Adlakha, Rajeeb Lochan Mishra,
Shubam Bose and Mahesh Kapawar)

Quantification of Strain Accumulation rate in
Kumaun Central Himalaya

Geooctic data from WIHG Network and publiched
literature are uced in the otudy of the evolution of
tectonic landccapeo and deformation along the major
faulto in the couth-eactern Kumaun and weotern Nepal
Himalayac. The ITRFvelocity indicatec cecular plate
motion toward the northeact, with a velocity ranging
from 37.67 to 67.98 mm/yr. The direction of motion
varigo from 28.83° to 52.76°. The velocity fixed with
reopect to the IISC fallo within the range of 0.71 to
19.26 mm/yr with a clockwice motion from northweact
to northeact, which reflectothe cructal deformation in
the region. To decipher the behavior of local
deformation in the ctudy area, the velocity iceatimated
with a fixed MUNS. Hereg, the clockwice motion of the
velocity field and non-inear pattern of deformation
with velocity ranges from 0.5 to 14.79 mm/yr are
obcerved. A portion of the central Almora Nappe
chowo a higher deformation rate of 28.66 mm/yr,
which may be due to active local faulto/'thructc. The
weot and couthweot motiono indicate oblique—dlip
movemento along the frontal thructo of the Kumaun
central Himalaya.

Seiomicity data of magnitudes 2.1 to 5.5 plotted
againct the period 2007 to March 2020 chowomaximum
ceiomicity along the MCT, come along the MBT, and a
few earthquakeo along the HFT; ohallow dgpth
earthquake of magnitude 4.0 occurred in 2020 ic
gvidence of tectonic activity along the frontal part of the
Himalaya.

Quantification of Strain Accumulation rate along the
Karakoram Fault

GPS meacurementc along the Karakoram fault cuggeot
that the fault in the Nubra Valley (K2 cegment of the
northern Karakoram fault, NKF) icinactive while that in
the Bangong Chaxikang region (the ocouthern
Karakoram fault, SKF), dlipc at a rate of 1.6-3.2
mm/year. Further, themodeling of GPS meacuremento
indicateca locking depth of ~12—15 km for the couthern
Karakoram fault and probably confirmo otrain
accumulation for ceveral centuriec.

The ML technique hacaloo been implemented over
the data from permanent and campaign-mode GPS
otationg, located on the Tibetan plateau and itcenvirono
for forecacting the cructal velocity. The ML predictive
modeloare conaiderably reliable for ectimating geodetic
velocity vectora.

Studies on seasonalpositional anomalies using GPS data

The nonlingar changes in the eotimation of GPS
coordinatecin three components, mainly becauce of the
elactic deformation of Earth'c curface produced by
ceaconal hyorological movementa, have begn ctudied at
oifferent locationo in the frontal, Sub, and Leoccer
Himalayan regionoc. Figure 65 chowo the ceaconal
poaitional anomaliec conoicting of both annual and
cemi-annual componentc in all three N-S, E-W, and
UP-Down components from the Dehradun otation.
The lingar changeo in the pocitional anomaliec are
removed through linear regrecoion, and the moodel
valueo (clope) reprecent the interceiomic otation
velocity compongntc.

Thece ocxillating behaviore of the immediate cruct
have been modeled aca lingar combination of harmonic
functionc with conctant clopec, and their amplitudec
have been quantified through the extraction of
individual coefficients. The otationc cituated at the
frontal part and acrooo the Ganga Tear, particularly at
Hariowar and Biharigarh, chow nearly equal ratec of
ateady oubaoidence and uplift of -7.90 & 0.22 mm/a and
7.64 £ 0.63 reopectively. Apart from the oteady
component, there exioto a periodic uplift rate at the
mountain front otation BIHA -which ic cituated at the
frontal part of Siwalik Hillo and the footwall of HFT.
Here, the periodic uplift rate ic predominantly
determinegd by the annual ceaconal component (6.57 £
0.60 mm/a) compared to itc cemi-annual component
(2.5 £ 0.6 mm/a). However, for the cace of non—
mountain frontal ctation HARI oituated at the footwall
of HFT, where a oteady rate of cubcidence hac been
obcerved, the annual and cemi-annual vertical loading
ofthe immediate cruct ionearly aimilar (3.26 £0.25 and
3.64 +0.24 mm/a). But here, the oteady otate cubaidence
ic modulated by the annual ceaconal cubacidence
happening in the EW component (i.€., along the otrike of
the HFT) rather than the annual and cemi-annual
vertical componento. Thug, the level of hydrological
loading or unloading in the frontal Himalayacichigher
owing to the water otorage and extraction from the thick
alluvium. However, their characterictic nature of
loading at the frontal part of the mountain and non—
mountainoucregioncicdifferent.
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Fig. 65: Showothe ceaconal poaitional anomaliec from the Dehradun ctation (Detailo cee text).

Inter-seismic and Post-seismic surface strain-rate
changes caused by the 25" April 2015 (Mw 7.8) Nepal
earthquake

The Mw 7.8 Gorkha, Nepal earthquake occurred on 25
April 2015 in the central Himalaya. The event wac
produced by the rupture on the MHT and itcconcequent
couthgacterly propagation waca textbook cace to otudy
the characterictic nature of inter-ceiomic and poot—
ceiomic deformation and otrain-rate dictribution.
Conoidering the continuity of major plate boundary
faultoin the Garhwal-Kumaun and the Nepal Himalaya,
the cructal deformation and ourface otrain ratec
acoociated with the Mw 7.8 gvent are quite relevant;
particularly, the otyle of inter-ceiomic deformation and
the poot-ceiomic relaxation of the cruct. Initial reculto
obtaingd from the proceooing of 72 CORS ctationowith
42 cotationo from the NEGAR nestwork are precented
here.The inter-ceiomic cecond-invariant otrain rate
clearly chowo a pattern of high otrain rate (~100
notrain/a) along the MCT zone and aloo at the location of
Mw 7.8 Gorkha (Nepal) earthquake in the high
comprecoional atrain-rate zone. The poot-ceiomic otrain—

rate diatribution ichigh towardcthe coutheactern part of
the Mw 7.8 event. The otudy alco chowothat the cructal
relaxation proceco wac almocot completed within five
yearc after the 2015 Mw 7.8 Nepal earthquake, but the
rapid relaxation of the cruct with an exponential fall in
the offcetc happened within five to oix monthc and
thereby underwent cignificant ctrain adjuctmentowithin
the cruat.

Land Gravity data processing

Ao a part of procecoing land gravity data an aboolute
gravity bace otation hacbeen developed in WIHG along
with nine more cuch bace otationc between Sahranpur
and Mucooorie. The raw inctrumental data hac been
procecced and applied variouc initial reduction
procedurec including inctrumental correctionc like
otatic orift and for the tide. The WIHG bace cotation'c
aboolute value hacbeen tied with reopect to the Survey
of India (SOI) aboolute bace otation near the Hage
Obgcervatory, Dehradun.The acquired land gravity data
along the Sahranpur-dnctitute of Technology
Management (ITM) and Sahranpur—Zeropoint/
Muoooorie profilec have been procesced for aboolute
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bace ctation correction, atmogpheric correction, freg-air
correction, datum correction,and Bullard-B correction.
The Bouguer anomaly along thece profiles ic alco
generated. It icoboerved that the freg-air anomaly and
the topography along thece profilec have a ong-to-one
correlation, while the Bouguer anomaly ic negative at
higher altitudeo towardc north of the Main Boundary
Thruct.

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

The eacternmoct Himalaya near the 96°E longitude
chowoa charp ~90 orogenic bend known acthe Eactern
Himalayan Syntaxic (Fig. 66). A complicated
configuration of the region and related opace problemg,
combingd with extreme vigorouc erocion and curface

7 Suture

~ Thrusi IF
o~ Normal F.
~ Strike slip F

Siang Range
LZ

L e

Elevation (km) |
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o —
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Fig. 66: (a) Regional tectonic map of the Himalaya and Tibetan Plateau chowing the major tectonic ctructurea. Solid orange
polygonc reprecent rupture zongo of hictorical and inctrumentally recorded earthquakeoin the Himalaya adapted from
previoucctudico. Red ctarcdenote the epicentercof hictorical sarthquakecalong the Himalayan arc. Green otar icthe
epicenter of the hictorical 1697 Sadiya sarthquake.
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procecoec makeo it difficult to underctand the otrain
releace pattern, olip rate on the participating thruct/c, and
the aeiomic potential of the geological atructurec.

To underctand the deformation pattern in the region,
Ficoion—Track (U-Th)/He, lumingccence, and
radiocarbon odating methodc were uced on deformed
landformoin the frontal Siang and Michmi rangecof the
Eactern Himalayan Syntaxic. The fault olip ratec were
obtaingd for the late quaternary period. The Holoceng
ratec range over 7.5 + 0.2 mm/yr in the northern
cegment, 1 + 0.1 to 10.1 £ 1.5 mm/yr in the central
cegment, and 8 + 0.5 mm/yr in the couthern cegment of
the Michmi Thruct, whereao the Late Pleictocene rateo
are of the order of 1 £ 0.1 mm/yr in the central cegment
and 0.9 + 0.1 mm/yr in the couthern cegment of the
Michmi range. The obtained Late Pleictocene ratec are
lower than the Holocene ratec but are conacictent with
exhumation ratec reported earlier from the northern
cegment.

Holoceng fault dlip ratecof the range ~2-9.1 mm/yr
acrocothe Manabhum Anticling cuggect foreland otrain
partitioning due to the widening of the fold-thruct belt
ano the locked zong (Fig. 67). A widening of the locking
width impliecan increace in the ceiomic potential of the
region. It ic ouggeated that the Manabhum Thruct ic
pocuibly a proto-thruct or a footwall imbrication of the
Miochmi Thruct. Contractingly, a lecoer Holoceng fault
olip rate of 2.3 = 0.3 mm/yr obtained from the gactern
Siang range along the Main Boundary Thruct indicatec

Brahmaputra
Plain

Depth (km)

conciderable otrain partitioning in the hinterlang.
Reoulto 6emonatrate that in tectonically active regiong,
reprecentative ratec of rock uplift inferred from inciced
bedrock chould be integrated over at leact one complete
ceiomic and inter-ceiomic cycle.

The 3D theromo-kinematic model Pecube hacbeen
applied to the newly generated thermochronological
data, revealing the MHT 'cgeometry for the Lohit Valley
region of the eacternmoct Himalayac. The MHT formoa
28° ramp with two 8° flat componentcin thicregion, ac
chown in figure 68.

Successive 1344 CE and 1505 CE earthquakes in the
western part of the central Seismic gap, Kumaun
Himalaya

Findingoouggeat that two great (Mw= 8.0) earthquakeo
may have occurred in rapid ouccecoion at the weotern
part of the Central ceiomic gap in the Kumaun Himalaya
during the Late Medieval period (Fig. 69).

Radiocarbon dating of deformed ctratigraphic unito
that are modeled uoing the OxCal coftware program
conatrain the timing of the gventoto 1317—1391 CE and
1447-1572 CE, which ic coincident with hictorical
earthquakes in 1344 CE and 1505 CE (Fig. 70). With
over 500 yearc of quieccence oince the lact great
earthquake in the Central Seiomic Gap, it iocpocoible that
another dgvactating rupture could be imminent.

Fig. 67: A oimplified block diagram chowing a narrow and wide fold-thruct belt of the Michmi and Siang rangecreapectively in the
Eactern Himalayan Syntaxic (Singh €t al., 2024). HFT: Himalayan Frontal Thruct, MCT: Main Central Thruct, MT:
Michmi Thruet, ITSZ: Induc-Taangpo Suture Zong, PCF: Po-Chu Fault, JF: Jiali Fault.
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Fig. 68: The geometry of the MHT acrevealed ucing a 3D theromo-kinematic Pecube model for the litho unitcof the Lohit Valley

region of the eacternmoct Himalaya. DT: Demwe Thruct;

WT: Walong Thruot; MHT: Main Himalayan Thruct. Arrowc

indicate the exhumation patho of the rocke along the thruct chegta Red doto indicate the cample locations for the

generated thermochon FT and (U-Th)/He data.

Structural and thermochronological studies

Characterization of tectonic ccenario and the gvolution of
otrain regimecacrooothe Main Central thruct Zone and the
Himalayan Metamorphic core, Garhwal Himalaya, India.
Evaluation of ochortening ectimatec and delineating
deformation mechaniomo prevalent during the tectonic
gpicodec acrooo the Main Boundary thruct (MBT) zone,
Garhwal Himalaya, India. Delineating recent otreco
ctatec acrooo the major litho-tectonic diccontinuities in
the Garhwal Himalaya.29 new Apatite and 29 new
Zircon Ficoion Track (AFT & ZFT) Data have been
generated along the Uttarkachi-Gangotri-Gomukh
trancect of NW Himalaya. The AFT agec range from
0.7£0.1 to 5.4+1.3 Ma, while the ZFT agecrange from
3.840.2 to 12.1£0.5 Ma, which providecthe exhumation
hictory ocince Middle-to-Late Miocene. The youngeot
AFT ageo within the Vaikrita Thruct zone in the region
ouggeot that the rockc in thic zone cooled rapidly,
probably due to the re-activation of the VT. 13 New
camplec along Gangotri Glacier have been collected to
conotrain the role of glaciation over millennial-ccale
exhumation ratec. Mineral Sgparation of all camplechac
been completed. 07 camplecfor A He and 05 camplecfor
ZHe analycic have been cent for analycic to the
Univeraity of Michigan. Thermal neutron irradiation wac
carried out at the Oregon State Univeraity nuclear reactor
for AFT and ZFT analycic The Ficoion Track Counting
work icunder proceco.

Structural and Rock magnetism and studies

Figld-baced geological ctudiec were carried out in and
around the Yamuna River valley along the Silkyara—
Barkot trancect. The purpoce of thicfigld program wac
to characterize the detailed geology, deformation
gpicodea, and otructurec trancecting and deforming the
lithologiecat diverce ccalecacrooothe Ramgarh Thruat.
Regional ccale chear zoneg, faultg and thructg, along
with their effectc on the expoced lithologies, were
1dentified and delineated. Structural data pertaining to
foliationg, lingationg, fault planeg and their regpective
dlip lingsand fold and warp axec were collected in the
cource of the figldwork. Oriented camplec were
collected in order to characterize the deformation
conditionoc that prevailed during penstrative aceiomic
cregp and evaluation of chortening ectimatecacrooothe
Ramgarh Thruct. Thicfigldwork wacprimarily directed
at dstermining the role (if any) of the regional-ccale
otructurecin the recent Silkyara—Barkot tunnel collapce
and waca concultancy project provided by Uttarakhand
State Council for Science & Technology (UCOST).

Two field workowere undertaken within the Ganga—
Yamuna River valleyc, ac well acalong and acroos the
Mohand Anticling. The ctudieowill help underatand the
evolution of fault damage zoneg, otructural analyaig,
identification and preliminary campling of new cectionc
for poooible rock magnetic and magneto-otratigraphic
otudies, and the longterm interceiomic deformation
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Fig. 69: The Himalayan Frontal Thruct Fault (HFT) at the cite of Lal Dhang.Photograph of the ~10-m-high fault ccarp viewed
toward the eact. The Red, dached line chowathe approximate bace of the acarp. The percon for ccale (1.5 m) icpoaitioned

ceveral metercin front of the ccarp bace.

precerved by geomorphic landformowithin the Yamuna
and Ganga River valleyc The geomorphic lanéformo
precerved between the Yamuna and Ganga River valleyo
in the Himachal and Uttarakhand Himalaya, India, were
ampled for charcoal ano OSL. The figlowork ic
expected to yield new ecotimatec on geological
convergence in the region. The reculto will addorecs the
gap in the available incipient data and complement the
recearch undertaken in the region almoat two decadec
ago.

Characterization of tectonic ocenario and the
evolution of otrain regimec acroco the Main Central
thrust Zone and the Himalayan Metamorphic core,
Garhwal Himalaya, India. Evaluation of chortening
eotimatec and delineating deformation mechaniomo
prevalent ouring the tectonic epicodecacrocothe Main

Boundary thrust (MBT) zone, Garhwal Himalaya,
India. Delingating recent otrecoctatesacrooothe major
litho-tectonic diccontinuitiecc in the Garhwal
Himalaya.

Field-baced geological ctudiec were carried out in
ano around the Yamuna River valley along the Silkyara—
Barkot trancect. The purpoce of thic figld program wac
to characterize the detailed geology, deformation
€picodea, and otructureo trancecting and deforming the
lithologieoat diverce acalecacrooothe Ramgarh Thruat.
Regional ccale chear zonegg, faultg and thructg along
with their effectc on the expoced lithologies, were
1dentified and delineated. Structural data pertaining to
foliationg, lineationg, fault planeg and their regpective
alip linegand fold and warp axec were collected in the
cource of the figldwork. Oriented camplec were
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Alluvial gravel; rounded cobble- to boulder-sized
clasts are aligned due to folding; boulders up to

~1 m in diameter; sandy, pebbly matrix
Alluvial gravel; well-rounded = ;
pebble-sized clasts are aligned due  [(6a){ wory @ 10 fne sandy. Sity clay:
? pact; reddish in color
to folding; sandy matrix Mixed colluvial and overbank Early stage of residual surface soil
. . deposit; silty, sandy clay; mottled @ development; composition derived from
Silty, very fine to medium sand; Very fine to fine sandy, silty clay; brown calor with ashy-grey stringers underlying units; heavily bioturbated
unconsolidated with Isolated (61) abundant charcoal; ashy-grey in color
pebble-sized clasts and lenses 9a: Colluvium; lens of granule- to i
Very fine sandy, silty clay at base Mixed colluvial and overbank deposit; E :::g‘ye';‘;::lgm‘:iec’;;dg?": i au
grades upward to compact silty non-cohesive very fine to fine sand cobiliae and s::bla-simd e O Inferred Fault
clay with stringers of very fine sand and silt with inclusions of Unit 6b b Cuuuviur?sandy silty clay \:vilh
Mottled, very fine sandy, clayey Mixed colluvial and overbank deposit; chaotic array of cobble- and
silt; cohesive; color grades upward @' compact very fine to fine sandy, silty clay; ~ pebble-sized clasts 2 1 0 2m
= from tan/pink to yeilow abundant charcoal; ashy-grey in color T

Fig. 70: Photomoaaic and trench log of the couth wall expooure in the paleoceiomic trench at Lal Dhang. Two-cigma probability
dictribution calendar date rangecfor depoaition of the atratigraphic unitc(modeled with OxCal) are chown. A topographic
profile of the acarp icchown above (2x V.E.) with vertical red lingeodelimiting the extent of the trench log and a red box
marking the approximate location of a tect pit excavated higher on the ocarp.
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collected in order to characterize the Jdeformation
conditionc that prevailed during penetrative aceiomic
cregp and evaluation of chortening ectimatecacrooothe
Ramgarh Thruct. Thicfigeldwork wacprimarily directed
at determining the role (if any) of the regional-ccale
otructurecin the recent Silkyara-Barkot tunnel collapce
and waca conaultancy project provided by UCOST.

A field viait of 11 dayowaccarried out at the Upchi—
Lato trancect of Induc Molacce, Ladakh Himalaya,
opecifically to eotablich the magnetic chron by
acoigning agec to thic ocedimentary unit

(magnetoatratigraphy otudy). During thic figld viait, a
total of 90 oriented candctone, ailtotone, and mudctong
amplec were collected from 20 citeg and ctructural
information (bedding attitudec) wac alco gathered at
each aite for later paleomagnetic data curation. Another
field viait of 7 dayowacperformed in Mohand Rao and
adjacent areac for collecting Siwalik rocko for rock
magnetion otudy to underctand and odeduce the
provenance, cedimentary environment, and overall
depoaitional hictory of the Siwalikcand particularly the
Siwalikcofthe Dehradun Sub-baain.
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SPONSORED PROJECTS

MOoES Sponsored Project

High-resolution mapping of crust and upper mantle
structure across the northwest

(Devajit Hazarika and Naresh Kumar)

Himalaya and Ladakh-Karakoram zone with special
emphasis on the seismotectonic of the Shyok Suture
zone and adjoining region

Sequential Hk otaking analycic hac been applied to
analyze receiver functioncat 12 cotationc located in the
weatern part of the Indo-Gangetic Plain. Ong of the bect
wayoc to ctudy cructal compoaition ic the gctimation of
the ratio of velocity of P and S waveo (Vp/Vs) of bulk
cruct which ic primarily cenocitive to mineral
compocition and ic an important parameter for
characterizing the phyaical propertiec of the cruct. The
H-% otacking of the receiver function (Zhu and
Kanamori, 2000) ic widely uced for the gotimation of
average thickneoo and Vp/Vo of cruct. Thic method
worko well in the cace of a cimple cruct but it pocec
challenges in the precence of a thick ourface
cedimentary layer oue to complexity originated by
reverberationo and requirec conoideration of the effect
of cedimentc. The low-velocity cedimentccauce a delay
of arrivalo from degper converterc leading to incorrect
mapping of cructal thickneas, if not accounted for.
Hence, an upgraded technique known acthe cequential
H—% otacking technique (Yeck et al., 2013) hac been
uced for otationo located over the cedimentary bacin of
weotern IGP (Punjab and Haryana Plain). In thic
approach, firat, the H*k otacking of high-frequency RFo
ic performed to conctrain cedimentary thickneoo and
Vp/Vo ratio. Then, a cecond modified Hk otack ic
performed with lowerfrequency RFo ucing the
cediment recultcaca priori information to ectimate the
depth of Moho Jdiccontinuity and Vp/Vo ratio.
Sequential H—k otacking analycichacbeen initiated at
12 otationo in the IGP. The modeled cructal thickneso
gradually increacec from ~29 km to ~45 km from couth
to north in the Haryana plainc. In contract, the cructal
thickneos in the Punjab plainc gradually becomeo
challow to about 40.9 km at Gurdacpur ctation near the
HFT. The cructal Vp/Voratio for all ctationchigh very
high Sue to the precence of coft cedimento at the top
~400-700 m of the ourface. Such cedimentcreduce the
efficiency in the tranomicoion of chear waveg, leading to
lower chear-wave velocitiegand finally contributing to
the high Vp/Vo valugs The work ic under progreco at
other otationcof the NW Himalaya. In order to carryout
a pacoive ceiomological ctudy to invectigate cubourface

otructure, a ceiomological network compricing 5
broadband ceiomological otationc hacbeen gatabliched
in the Shyok Suture Zong (Nubra Valley, Leh-L.adakh).

MOoES Sponsored Project

Multi-Parametric Geophysical Observatory,
Ghuttu Garhwal Himalaya for Earthquake
Precursory Research

(Naresh Kumar, Gautam Rawat, Devajit Hazarika and
PK.R. Gautam)

Assessment of gravity time series for noise analysis
and normal mode studies

The ocuperconducting gravimeter provioeo the higheat
accurate gravity meaocurementc ucing an unparalleleo
cryogenic temperature environment. It iovery uceful for
geodynamic otudies, tidal modec, and related
applicationc. It ic aloo denoted ac a long—period
aeiomometer. A otudy on gravity data hacbeen precented
from the Obcervatory Superconducting Gravimeter
(OSG-051) located at MPGO Ghuttu in the Garhwal
Himalaya, India. Ambient noice obcerved at thicaite ic
compared with other worldowide SGo and computed
ceiomic noice magnitude for the OSG-051. Inctrumental
noice hac been obcerved at frequencieo ranging from
~0.0239 to ~0.03207 Hz in the form of paracitic mode
for the lower and upper cencorc of SG, whoace quality
factor hac been ectimated in Jdifferent modes of
occillationo (Fig. 71). The cignal ic enhanced at noice
reduction below 2.0 mHz ucing local barometric
precoure data and modeled tidal effect of the cite. Other
ceiomic noice factorc are diccucoed through data
analycicof OSG-051. OSG-051 and trillium 240 Broad
Band Seiomometer data are analyzed and compared in
the ceiomic normal mode frequency band. Several
obcervationc have been made regarding noice courcec
that affect the gravity data in the ceiomic normal mode'c
frequency band. Reaidual gravity data after removal of
atmoopheric precoure, tidal, and co-ceiomic effectg
reopond very well to long—period ceiomometercthan any
conventional ceiomometer. Thic characterictic and low
noice level of the MPGO Ghuttu cite makeoit a cuitable
otation for long—period earth wave otudiec. The gravity
data obtained after odifferent correctiono hac multiple
uceful applicationa.

Assessment of Radon Transportation in the
tectonically active zone of the Himalaya

The inert gac Radon ic precent ac the radioactive
daughter particle of Uranium/Thorium, with more



Annual Report 202324

5000

EIé‘l . { F

Amplitude (nmis?)
[~ w F -
=3 (=] 2
(=3 (=] (=
(=] o o
1

-

o

o

=1
]

o T
15/07/2020 17107/2020
% 1600
]
E 1500
g 1400
3 1300
£ 1200
E 1100

(b)

PO T T B P |

T T
19/07/2020 21/07/2020

Date (UTC)

ﬁ/ Monochromatic oscillations

12:00:00

BE+08 2E+06 -

& (d)

6E+08 - QQ@X 2EHb =

|
a
%%

1E+06 -

BE+05

Power (nm/s?)*(Hz

[~ o
m m
& &
@ @
I

Power (nm/s2)¥Hz

4E+05 -

|

0 —

Splitted parasitic mode

T J"|M|

1
01:00:00

16/07/2020 (UTC)

r 1E+06 1E+05

(e)
- BE+05
- BE+05

4E+03

PRV W I B I |
)

:

- 4E+05

Power (nm/s?)4Hz
Power (nm/s?)4/H

]

2E+03

Equally spaced Parasitic mode

- 2E+05

E

| OE+00

0.031 0.032 0.033 0.03202 0.03204

Fraquency (Hz)

Frequency (Hz)

0E+00
0.03206

0E+00 -

0.028 0.03 0.032 0.034
Frequency (Hz)

._.;_U'ﬂif

-
o
Gl

o

Frequency (mHz)
3—
1

10" 4 il

A |

dB (1 (nm/s?)?/Hz)

T ] T

01 March 01 April

01 May

Year 2020

Fig. 71:3D S-wave velocity variationcalong two vertical croosoectiono (parallel and perpendicular to the Himalayan arc), and
garthquakeoare projected on croos-cectionowith a lateral extent of 0.2° to both cidecof the vertical olicea. Increacing cize

and colour ccale indicate the magnitude of the earthquakeo.

concentration through geotectonic procecoes and
mobility/colubility in water. Itc “’Rn icotope haoc the
longeat life (halfife period 3.92 dayo) with multiple
geohazard applicationo. The tectonically active zone,
namely the Ghuttu region, which ic located within the
Himalayan ceiomic belt (Fig. 72), wac ctudied to
decipher ito impact on coil gac **Rn concentrationa. A
il gac*’Rn atudy wacperformesd in the ooil at a Septh
of 30 cm, and it varied from 426 + 156 Bqm“t0 24,057 +
1110 Bqm® with an average of 5356.5 £ 1634.6 Bqm".
At 60 cm depth below the ooil curface, the concentration
varied from 1130+ 416 Bqm™ to 30,236 + 1350 Bqm"
with an average of 8928.5 + 2039.5 Bq m’. Thece
concentrationc vary in ooil from ~3.4 % to 437.3 % ac

the depth moveo from 30 cm to 60 cm. The variation in
uranium content aloo chowo anomalies, and higher
valueo of uranium content in the ooil affect the radon
concentration in the otudy area. The average il gac
*’Rn concentration in the Ghuttu window wac found to
be higher than that in itc currounding region (Fig. 72).
Thic ic likely due to trangportation from daughter
productc of uranium. *’Rn macs exhalation rate
meaocurementc were aloo carried out, and a weak
correlation with the ooil gac *’Rn concentration wac
obcerved. A aignificant variation in the macoexhalation
rate waonoticed in tectonically active areac. Thioctudy
ic vital to underatanding the behavior of radon and
uranium in tectonic regiona.

SPONSORED PROJECTS
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SERB Sponsored Project

Advancement of the attenuation tomography
scheme from inversion of strong motion data: A tool
for seismic hazard evaluation

(Parveen Kumar)

The analyciccarried out in thicproject producec(i) a cix—
layered, opatially-averaged Q model and (ii) a three—
dimenocional attenuation model for the Himachal
Himalaya, India. Ucing acceleration data recorded in
the Himachal Himalaya, thic work quantifiec the
attenuation characterictico in the form of chear-wave
quality factor (Q,). The low Q, valuec (ranging from 10
to 60) depict a fluid or partial melt material otarting from
a oepth of ~11 km. Thic fluid or partial melt zone
identified in the otudy region clocely recemblec the
intra—eructal high conductive layer identified by other
recearchercin itcadjacent area. The precent work icong
of the initial workc in which the intra-eructal high
conductive layer icidentified in the Himachal Himalaya
baced on attenuation characterictica. A frequency—
dependent chear wave attenuation (Qy(f)) model of the

1000000

form Q_f" icaloo propoced for aix different layercof Skm
thickneos gach (Fig. 73). The obtained Qu(f) model
directly reflecto the region’s ceiomic hazard ac it
deacribeothe level of heterogeneity and tectonic activity
in the precent ctudy region.

MOoES Sponsored Project

Comparative study of weathered/ soil profiles
developed on Granitic and Basaltic rocks of Higher
and Lesser Himalaya in Garhwal region:
Implication on climate-tectonic interaction

(Anil Kumar, Pradeep Srivastava, R. Islam and Sohan Kumar)

A multitude of coupled phyoical, chemical, and
biological factorc govern weathering and deapite the
importance of rock weathering in controlling global
biogeochemical cycles of elements, coil formation,
chaping the landformg, and regulation of the climate via
cequectration of atmoopheric CO,, weathering
procecces, ratec and microbial feedback in the
tectonically active Himalaya are largely unexplored.
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Fig. 73: The frequency-dependent quality factor (Q) relationchip of aix odifferent layercin the Himachal Himalaya. (a) The Q
valuecobtained for the amall blocka, and (b) the average Q value at Sifferent frequencies. R’ reprecentothe coefficient of
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The precent otudy complied: (i) the influence of
tectonic on phyocical and chemical weathering of two
contracting rock typec (gneicoeo and metabaaalto) both
in Higher and Leccer Himalaya; (ii) the evolution of
weathering profiles through time uoing U-ceriec
icotopeo in Higher and Leoccer Himalaya; and (iii) the
role of microbecin weathering.

Lithological, climatic, and tectonic imprecoionc
have been obcerved on the geochemical and
chronological propertiecof the weathering profilea. In—
oitu weathering ratec of metabaaalt (40.6 mm/ka) are
very high in the granite rocko (24 mm/ka) under oimilar
climatic conditionc (humid) and tectonically ctable
regiono of the Garhwal Leccer Himalaya. Metabaaalt,
containing a higher fraction of ferromagnecian
mineralg, ic more oucceptible to weathering than
granite, containing cilicate mineralc. In tectonically
active regionc adjacent to a otrike-dlip fault, the in-citu
weathering ratec of metabacalt are even higher (123
mm/ka), almoct three—fold of the metabacalt rockcunder
oimilar climatic cettings but ctable tectonic acenarioc.
Brittle otructurec increace the fracture denaity in the
rock maco increacing the curface area and allowing the
atmoopheric agentoto work on a larger curface area and
percolation to degp down the curface through the dence
fracture oyctem.

Climate hac a congpicuouc role in weathering and
weathering ratec vary temporally ac well ac opatially
corregponding to the climatic variability. Coinciding
with the fact that chemical weathering procecec
accelerate in a warm and wet environment, very high
weathering ratecare recorded during the warm and wet
period in the recent pact. For example, the bulk of the
granitic weathering profile from the humid Leocer
Himalaya wac produced during Maring Icotope Stage
(MIS) 5, the warmeot and wetteot period in the recent
pact and the weathering rate during the period wac~450
mm/ka, almoat 19 timeoof the average weathering rate
(24 mm/ka) acroco the profile. Other profilec aloo
witneao aimilar variationo. Spatially, the climate variec
from humis in the Lecoer Himalaya to cemi-arid in the
Higher Himalaya. Weathering recponcec to climatic
variation ac well. Weathering profilec are thinner in
Higher Himalaya owing to low vegetation cover and
leccer chemical alteration. Deapite very thin weathering
profiles, the weathering ratec in Higher Himalayan
Weathering profile ic 47 mm/ka and the maximum
weathering record ioprecerved up to 62 ka, the timecof
glacial retreat in Himalaya. The garlier record iomicoing
due to extenaive glacial erocion before 60 ka and the
weathering productc otarted precerving once the
glacieroretreated.

Microbeo play a cignificant role in weathering.
Microbec have odiverce metabolic pathwayc which
require opecific ionic or elemental fluxesto metabolize.
Some of the required ionc are readily available from a
weathered ooil/ rock maoo;, however, for elemento cuch
ac Fe and K, microbec adhere to the ocurfaceo of come
mineralc and Jiocintegrate them. Metagenomica,
community phyaiological profiling, and elemental and
mingralogical analycic in a granite weathering profile
from Leooer Himalaya provided information about the
microbe-rock interaction that cauced the dicoolution of
biotite and feldopar from the rock and cecondary
calcium carbonate precipitation in the ocoil micro—
environment in the caprock zone. The cecondary
precipitation decreaced upward in the profile and, with
limited nutrient availability in the regolith zone,
recident microbec helped the dicintegration of quartz,
Kfeldgar mineralcfor nutrientg and cequeatered coil CO,.

Given the anticipated increace in global
temperature in the near future, a rice in weathering ratec
ic expected. In addition to chemical weathering,
reoident carbon-cequectering microbes can be
harnecoed or mimicked to regulate global temperature
via the cequectration of atmocgpheric CO,. On the
applied oide, microbec that dicolve K-feldopar or
oolubilize ailica in the regolith can promote plant growth
and ouctainable agricultural practicec to manage
exceoolve weathering events, thereby fing-tuning
biogeochemical cycleo.

Uttarakhand State Disaster Management Authority
(USDMA) Sponsored project

LiDAR Survey of Joshimath (Data Acquisition and
Modeling)

(Swapnamita C. Vaideswaran and Param K. R. Gautam)

In light of the land ocubocidence/landdlide evento of
January 2023, it wac crucial to obtain a high-recolution
topographic map of the region covering the entire town
of Jochimath and currounding regionc. The requirement
wao at leact a 1 m contour map and Digital Elgvation
Model (DEM) for mapping the Jochimath town, and
hence to plan rehabilitation and town planning. The
requirement wac to plan the non-exiotent cewer
connectionc and drainage oyotemo incide the town.
Since Jochimath liecon a oteep clope, with quite dence
concrete built-up, along with come partc dencely
foreated, the Airborne-LiDAR technique ceemed to be
the moct cuitable and viable option for mapping the
area. Ac per the initiative of the Uttarakhand State
Dicacter Management Authority, WIHG, Dehradun
carried out the airborng LIDAR-d¢rived high-recolution
map and oigital elevation modelo of 100 oq km of
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Flight Tracks for LiDAR survey and GCP Locationsand Base Stations

Base Station: Permanently Running

Fig.74: LiDAR coverage and locationcof Ground Control Pointo(GCPo) for the Jochimath topographic mapping. The two Bace

Stationcat NTPC Helipad, Ravigram and Auli.

Jochimath and the currounding regionc for landolide
mitigation and management purpocec (Fig. 74). The
deliverables from the LiDAR ourvey were (i) the
generation of high-recolution LiDAR data including
raw data, Clacoified (ground, building, vegetation), and
geoteferenced point cloud, (ii) Imageo (raw data and
ortho-rectified imageag, S cm GSD, geo-teferenced in tiff
format), (iii) Digital Terrain and Surface Model (DTM
and DSM ) with 25 cm x 25 cm grid, tif format,
georeferenced, (iv) Contourc with contour interval 10
cm (or higher acrequeated), georeferenced, in ArcGIS
Databace and (v) One cet of deliverablecin ITRF14 Ref.
Frame, and WGS84 heighto. Another cet in ITRF14,
orthometric (mal) heighto

Acquisition of LIDAR Data and observations

The ground team ectabliched Ground Control Pointo
(GCPo) by conctructing dlaboat ceveral locationg, with
two pillar bace ctations, around the ocurvey area (Fig.
74). Deapite bad weather conditiong, the airborng data
wagccollected from 26 to 27 February 2023. One of the
moct important requiremento for the generation of the
LiDAR-d¢erived topographic map ic that the reference
oyotem had to be on an Orthometric Projection (with
elevation reference on mean cea level). The Survey of
India TypeB benchmarkc cloce to Jochimath were
required. Thereafter, the GPS monitoring in 6 GCP
locationc and two bace otationc wac dong by taking

meaocurementoin gach GCP point for 8 hourc. The team
aloo otarted the cearch for Survey of India benchmarko
(BM) inaide the ourvey area and cloce to the curvey area,
gact, weat, north, and couth. LiDAR data wacprocecoed
keeping in mind, a corrected and generated geoid
model, eopecially for Jochimath. The data wacclacoified
ac Bare Earth, that ic the DEM, which wac the moct
important requirement for the rehabilitation, the DSM,
and vegetation in three height layerc The built-up wac
clacoified aca ceparate layer.

The procecsed LiDAR data provides important
inoighto into the oituation in Jochimath. The paleo—
landolide ocar ic viaible and chowo ac the active ocarp
ano crown of the precent zone of cubaidence. The agpect
map and the clope map chow that the crown of the
landdlide hac moved upward. Manohar Bagh and
Singdhar are the ocarp regions, with Marwari acthe weat
flank, and the Upper Bazar, along the Nau Ganga Nala
ac the eact flank. Sunil region in the ccarp of the
landolide choweo double ridges and ic the curface of
rupture. There ic dlumping on the toe region on both
flanko, which icdumped on the Alaknanda River by the
Nau Ganga and even at Marwari near the bridge. All
thece are ouggeative of the cituation in Jochimath acthat
of a degp-ceated landdlide, with clow, continuoug,
movement over long periodc.

SPONSORED PROJECTS
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SERB Sponsored project

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

(Naveen Chandra)

The project ic focuced on developing a deep learning—
baced landdlide detection model from remote cencing
imageo that will be realized through the following: (i)
Data oet preparation and configuration, (ii)
Development and implementation of the deep learning—
baced feature extraction models, (iii) Qualitative and
quantitative gvaluation, and (iv) Diccemination of the
reaultoto the governmental authoritiec for the intended
application. Therefore, to addredo the aforementioned
objectives an improved YOLOVS (nano (n), omall (o),
and medium (m)) network wac introduced
incorporating popular attention modulec, opecifically
CBAM (convolutional block attention modulg), and
ECA (efficient channel attention) aimed at enhancing
landolide detection accuracy from catellite imagea.

SERB sponsored project

Early Landslide Monitoring of the Kondoi Village,
Chakrata Block: with special emphasis on slope
vulnerability investigation and suggestive measures
(Swapnamita C. Vaideswaran)

The otudy region ic the Kondoi Village located in
Chakrata block of Dechradun, Uttarakhand. Lakha
Mandal, an ol Hindu temple complex on the Yamuna
River'sbanke, icabout 14 kilometercaway from Kandi
(near Kondoi Bandur). Lakha Mandal ic located in the
Yamunotri Valley along the road of Char Dham Yatra.
Travelercand pilgrimofrequently take the Kondoi route
from Lakha Mandal to Chakrata. Before choooing
Kandi (Konooi) acthe cuggeated otudy area, a number
of vulnerable and exicting ditec in the Chakrata region
were viaited and evaluated. With a few outlierc in the
Mandhali Formationg, the majority of the landdlidecin
Chakrata occur in the country rocko that comprice the
Chakrata and Rautgara formationc. Many road cectionc
exhibit anthropogenically generated landalidea,

7,8 Figure 75, reprecento the architecture of the propoced primarily aca recult of building activitiea The approach
5 network. The experimentcare conducted uacing the open road between Kunen and Amraha villagecic crucial in
=8 ocource landolide octection Odatabaces. Standard termoofthe number of landadlidescauced by road cutting
3 gvaluation metricg including precicion, recall, F-acore, and oince a oignificant portion of the road cection ic built
=4} mean average precicion (mAP), are uced for quantitative along the unctable and cteep clopeowhere landdlidecare
: analycic. Among the variantc teoted, YOLOv&n+ common during the moncoon.
=, CBAI\E Simon(strqtscths modi promiaing psrformancls The Kondoi village experienceo landdlideo that
8 (mAP=78%). Thic ctudy underccorec the model'c
@) g Ty & ] g reoult from both natural and human-cauced caucec.
b4 cfficacy in facilitating inventory preparation and precice . ) .
7z B no for 8i N About 200 people live in the cettlement, which containc
anddlide mapping for dicacter recovery and recponce ;
2 efforta, thereby cupporting arly prediction modelo about 28 dwellingo. Over a few hundred meterg
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landolidechave been cauced by road conatruction. There
are come fracturecsviaible upclope of the main ccar, ano
thece could potentially alide during the moncoon. The
whole olope of the village icat rick. Some of the houceo
chow the development of cracke. There are fractureo
along the entire 150-200 m clope from top to bottom,
making a cignificant alide pocaible.

A network of inotrumentc meacuring the
dioplacementc ac a wholecome component for a
Landolide Early Warning Syctem (LEWS) ic to be
inctalled on the clopeo of the village. It'c clear that the
combination of natural factorc cuch ac geology and
tectonic activity, along with anthropogenic factoro like
road conatruction, contribute to the high cucceptibility
of landolides. The generated map ochowos that
deformation in thic region coincides with changeo in
lithology, accociation with faults, and alco
anthropogenic controlo. The creation of a landdlide
ocucceptibility map ic indeed crucial. It can help in
predicting areacof potential rick and aid in planning and
implementing preventive meacurea. For thicland cover
mapc were required and have been generated from
Sentingl 2 catellite data through a ouperviced
clacvification ucing the maximum likelihood method
(Fig. 76). The cucceptibility map generated (Fig. 77) in
the project clacvifiecareacinto five categorieobaced on
their oucceptibility: Very Low (1.04% of the area), Low
(16.07%), Moderate (46.12%), High (36.37%), and
Very High (0.5%). Approximately 30% of the area,
which fallounder the very high-level zoneg haca dlope
angle of 10-30°. A cummary of the cucceptibility zoneg,
given that a cignificant portion (approximately 82.19%)
of the area fallc under moderate to high-rick zonea
Thece zoneo are primarily located in the Central
Cryctalling of the Higher Himalayac, near the Main
Central Thruct and mapped faulte. The moderate to low—
level zonecdioplay varying vegetation denaity.

SERB sponsored project

Post-LGM precipitation and temperature
variability in western Himalaya

(Som Dutt and Anil Kumar)

Field ourveyc have been accompliched oduring the
reporting period which wacsfocuced on the collection of
cediment camples from variouc natural lakec in
Himachal Pradech. Two cediment corec of length 243
cm and 133 cm were retrieved from the Khajjiar Lake.
The core campleo were recovered from the area where
anthropogenic activity wacminimal. A 40 cm long core
waorecovered from Chakund Lake, Himachal Pradech
which iclocated at an altitude of 2948 m. above mean
cea level. A paleolake at Shyaco, Sutlej Valley wacaloo

campled and 58 campleowere collected.
Khajjiar Lake

The Khajjiar Lake ica omall lake cituated at an altitude
of 1900m in Chamba dictrict of Himachal Pradech. The
lake hac an area of 4500 m2 and a total catchment of
6km’. Geologically, the area ic mainly compriced of
Silurian rock caleg, ochict, and conglomerate. Thece
rockc are underlain by granite, gneico, and
conglomerate. The otrata ic conventionally known ac
Dalhoucie Granite forming part of Dhauladhar Granite.
The area icinflugnced by two moicture mechaniomg, the
Indian ocummer moncoon (ISM) and mid-latitude
weaterliea The ISM contributec more than 70% of the
average annual precipitation in the region. Snowfall
occurc during winter. One core of Khajjiar Lake wac
oliced at every lcm interval in the Sedimentology
laboratory at the Wadia Inctitute of Himalayan Geology,
Dehradun. The ocubcamplec were air-dried at room
temperature and procecced for variouc laboratory
analycec ouch ac grain oize characterictica, magnetic
ocucceptibility, Total organic carbon, and Stable Oxygen
and Carbon icotopec. The aamplec of one core of ~243
camplecare under procesofor analyaic.

The grain cize and total organic carbon analycic of
120 camplecat 2cm recolution had been done. Reaulto
indicate that the cediment from the Khajjiar Lake ic
dominated by ailt-cized grainc. Baced on cediment cize
characterictico, the Khajjiar time oceriec can be
categorized into three different zoneg, Zong 1: Between
243 and 130 cm, cedimentc are dominated by ailt cize
fractiono, and within the ailt fraction, coarce and
medium cand concentration ichigh, and fing ailt icleco
(Fig. 78). Thic can be interpreted ac high energy
trangport linked with high water diccharge from the
catchment related to the otrengthened Indian cummer
monacoon. Zong 2: At 130 cm, cand-aized grain concentration
increaced Oractically to more than 20 percent and ailt
aize decreaced. Thiccan be ceen acthe very high energy
trangport linked with the very high precipitation in the
region. Thicphace continues till 90cm. Zone 3: After 90
cm to the top of the core, and again decreaced fing ailt
fraction increaced gradually. Thic can be referred to ac
decreacing high energy trangport and decreaced otrength
of ISM and leco precipitation in the region. Baced on
viocual inveatigation, oimilar zoning can alco be done
with organic content in the core. Zone 1 icdark-colored
and can be interpreted achaving high organic content in
the cediment. Intence ISM gave rice to the high
vegetation productivity in the catchment. In Zong 2,
organic content ic leco and leco vegetation input in the
lake from the catchment, and Zong 3 hacorganic content
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Fig. 78: Grain cize characterictico for cediment camplec from
the Khajjiar Lake, Himachal Pradech.

higher than Zone 2 but leoothan Zone 1. Bulk Magnetic
oucceptibility meacurements of all 243 camplec are
UNJET Proceas,

MOoES Sponsored Project

Tectono-thermal evolution of the Lohit Batholith
along Dibang and Lohit Valleys, India using Fission
Track and (U-Th)/He Thermochronology

(Vikas Adlakha and Koushik Sen)

A new low-temperature thermochronological record
from the Lohit Valley, Eactern Himalaya, hac been
obtaingd acroaoothe major tectonic boundariea. The ZHe
cooling agecrange from 6.94+1.17 to 12.51+£2.84 Ma,
while AHe ageovary between 1.73+0.15 and 3.56+0.42
Ma. The ZHe cooling agec cuggeaot that the Michmi
Crydtallings expoced at the couthweotern mountain
front are the cdloweaot exhuming domain cince ~12 Ma.
The Z He agecare youngeat in the Demwe Thruct zone,
a contact between the frontal low-grade metamorphic
rockc of Michmi Cryctalline and high-grade gneicoic
rockc of the Mayodia Group. The rapid exhumation in
the Demwe Thruct zong obtained from the ZHe cooling
agec ouggeato an out-of-cequence thructing at ~7 Ma.
The QTQt thermal hictory moodeling of the co-genetic
pairc of ZHe and AHe cooling ageo of the northeactern
moot Lohit Plutonic Complex ocuggectc that the
exhumation rateo in thic region were ac high ac ~3.7
mm/yr ouring the Pliocene—Quaternary. Thece high
exhumation ratecare in good correlation with the local
topographic relief, hill clopeg and channel cteepneas,
which cuggeoto the eotablichment of the precent-day
topography of the Lohit Valley region latect by
Plioceng-Quaternary. Variation in exhumation ratec
doeo not correlate with the precent-day precipitation

pattern. Tectonicoappearcto be the prime oriver of the
exhumation ratec of the Lohit Valley region of the
eacternmoct Himalaya. In addition, the 3D Thermo—
kinematic model Pecube hacbeen applied to the newly
generated datacet, and the geometry of the MHT haco
been conctraingd for thic Himalayac region. The
geometry of the MHT icrevealed for the Lohit Vallgy
region, NE India, ucing inverce thermochronology 3D
Pecube modeling. MHT formoa 28° ramp with two 8°
flat componentain thicregion.

SERB 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 Range
(Kapesa Lokho and M. Prakasam)

The project emphaocized inveotigating paoct
environmental changeo in the Naga Hillo region. Thic
critical area holdc cluesin underatanding the impact of
the India-Aaia collicion on regional climate and global
bio—evento during the Neogene period (roughly 23-2.6
million yearc ago). The project ic focused on (i)
inveatigating the Foraminiferal bioctratigraphy of the
Surma Group of the Neogene cedimento in the Naga
Hillo, (ii) documentation of the paleoclimatic and
paleoenvironmental hictory of the Neogene and (iii)
underatanding the paleo-biogeography and tectonic
evolution in light of India-Aaia collicion.

A field ourvey wac conducted to collect rock
ampleo for paleontological and geochemical analyceo
from the Surma Group of the Naga Hilloin the Northeact
Himalaya (Fig. 79). A oyotematic cloce-campling
otrategy wac engaged to gather a comprehenacive cet of
rocko. Thece camplec are currently undergoing
procecoing at the Wadia Inctitute of Himalayan Geology
for multi-proxy analycic. Thic analycic will help uc
underotand foooil content and geochemical
compooition, and ultimately, reconctruct pact
environmental conditioncin the region.

A total of 80 camplec were procecoed for
foraminifera recovery, while 6 camplec underwent
procecoing for nannofoaaila. Additionally, 27 camplec
were analyzed for total organic carbon (TOC) content.
In the precent invedtigationg, calcargouc nannofocoilo
have been diccovered within the ctudied cection. Further
procecoing of rock campleo for microfoail recovery ic
going on. The recovered foooilc are currently
undergoing identification and interpretation uoing
microccopic ctudiea.

SPONSORED PROJECTS
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Fig. 79: Field photograph of a reprecentative outcrop within the Surma Group cuccecoion, highlighting the gpecific location from
which rock campleowere collected for microfosail and geochemical analyacic.

SERB Sponsored Project

Origin and evolution of Lesser Himalayan mafic
magmatism, northwest India: constrains from new
whole-rock, zircon U-Pb age and Sr-Nd isotope
geochemistry of mafic rocks

(M. Rajanikanata Singh)

The preliminary geological fieldwork hacbeen carried
outin the Uttarakhand acwell acthe Rampur areacof'the
Himachal Himalaya. The granitic-gneicoc and mafic
igngouc rocko intruded into metacedimentary rocko
(quartzite/phyllite/clate) and the contact between them
wao 1dentified. A variety of mafic magmatic rockg,
primarily macoive, veoicular, dark green to greyich
types, were found in the field intercalated with
metacedimentary rocke and collected for petrological,
geochemical, and geochronological otudiec.
Petrographic ctudiec and major element XRF data
indicate that dolerites, gabbroc, vecicular bamltg,
anoeaites, and amphibolites are the moct commonly
1dentified rock typea Trace+REE, Zircon U-Pb, and Sr—
N& icotopic analycicare in progreco.

UCOST Sponsored project

Black carbon personal exposure levels in different
polluted micro-environments: A case study from
Himalayan foothills

(Chhavi Pandey)

Invectigationc have been carried out on the extent of
expooaure to black carbon (BC) air pollution in different
micro-environmentclocated in the Himalayan foothillg,
namely in the Dehradun and Haridwar dictrictc of
Uttarakhand. BC acroools, which are ochortdived
climatic forcing agentc reoulting from incomplete
biomaco and foaail fuel combuction, have a cubctantial

influence on both the environment and human health.
Thic otudy highlightc the ocignificance of regional
recearch for a thorough underatanding by focucing on
the location-baced variability of BC cauced by variouc
pollution cources, atmogpheric conditiong, and regional

topography.

Rapid inductrialization and increaced vehicular
emicolonchave made Dehradun one of the world'omoct
polluted citiec. Thic otudy conducted multiple
monitoring campaignc uocing portable Jdevices to
meaoure BC expoaure in variouclocationg, cuch accity
centerg, trancit routeg, ochools, and dewlings. Thic
recearch emphacizes perconal expooure evaluationg,
which give more precice data for the management of air
quality. Thicicin ling with typical ctudies, which rely on
ctationary monitoring.

The collected data revealed cignificant fluctuationc
in BC concentrationa In Rajpur, concentrationoranged
from 9.109 pg/m?to 22.859 pg/m?, influenced by traffic
and recidential emicoionc. The concentrations in the
Hathibarkala region varied from 8.374 pg/m?® to 13.378
pg/m?, and the Dehradoun Railway Station area
exhibited a wide range from 14.453 pg/m? to 32.740
ug/m* due to trancportation activitieo. Uttarakhand
State Council for Science & Technology (UCOST),
Dehradun chowed a otable range from 10.424 pg/m? to
11.667 pg/m*, while the Riopana area ranged from
25.450 pg/m® to 42.310 pg/m3. During the Diwali
fectival, leveloooared to 43.276 pg/m?. The mobile eBC
monitoring of the Haridwar area ranged from 1.20
pg/m?® to 102.55 pg/m?, and fixed monitoring chowed
variationcfrom 1.31 pg/m? to 61.31 pg/m?, particularly
during fectivalo Thece findingoemphaaize the nececaity
of implementing focuced interventions and evidence—
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baced policiec to effectively addreao air quality icoueo
and cafeguard public health. Acof March 31, 2024, the
projecthaccompleted itoduration.

SERB Sponsored Project

Flood Prediction Monitoring and Management
using, Water Battery and IoT based Early Warning
System in Tosacho city, Japan

(Pankaj Chauhan)

The increaced frequency of dicacterc hac otrecoed the
otate governmentsbeyond their collective capacitiesto
reopond. According to the IPCC report, cuch cituationc
will be more frequent in the future, due to a decling in
ceaconal rainfall, coupled with the increace in extreme
precipitation in pocketo during moncoon ceacon. Thic
will put more and more livecand propertiecat rick. On
the other hand, the Sendai Framework for Dicacter Riok
Reduction (SFDRR) atrecoes on reduction of life looo
and economic loooes in dicacters by 2030 by adopting
variouo rick reduction meacures at both national and
local levela.

Introducing Water Battery and early warning
dissemination

In recent technology, IoT (Internet of Thingo), Al
(Artificial Intelligence) and ML (Maching Learning) are
worlowide emerging fieldo. The [oT ic an eccalating
diccipline with multiple potentialoc and diverce
opportunitiec for growth and odevelopment. In thic
context, to reduce rick during dicacters, a omart garly
warning oyotem ic negded in the rugged and tough
Himalayan terrain. Water Battery and early warning
Syotem (WBEWS) were teated and demondtrated at
Keio Univeraity, JAPAN. The experiment wac carried
out in the pond of Keio Univeraity premicecalong with
Mr. Kichimoto from Teijin Pvt. Lt3., and Project mentor
Prof. Rajib Shaw and macterd’ PhD ctudentc of the lab,
under the SERB International Recearch Experience
(SIRE) program 2023-24.

Initially, the technology of the warning oyctem wac
demondtrated and tected in thic Powerleco Low—Coat
Smart Early Warning Syctem (PLCSEWS) in Japan.
The PLCSEWS can be deployed to monitor glacier
lakeg, glacier tributarieg, recervoirs, damg, canalg, gtc.
The powerleso oyctem could be modt effective for the
Himalayan regiong, where there iono cource of power in
the complex rugged, and tough terrain to monitor the
hydro-climatic data. The preliminary findingo chow
that, with the addition of come ficld obcervationc,
including meteorological and hydrological information,
anew development in omart flood early warning oyctem
could be a remarkable initiative and experiment for the
reduction of the rick and enhance dicacter reailience in
the Himalayan region and flood—prone hotopotc
worldwide. It overcomeo the prevailing literacy and
digital divideoin cociety by aimplifying flood warning
diccemination through light cignalc, thuc minimizing
communication barriercand cupporting quick action by
the local community. Further, by ucing a combination of
thece at different heighta, the dicocemination oyctem can
be gaaily contextualized to local conditiona.

Thece are batterieo that can generate electricity
when coaked with water (or any type of H,0). Itica
low—coat colution for providing timely early warning to
the ourrounding recidentg, particularly in rural argac
where oyotematic early warning ic not inctalled. The
mechaniom ic aimple (Fig. 80); when the water level
ricec, pre-cet batteriecare coaked at the ricky level of the
river water table, and it generatec glectricity (and turnc
on the emergency evacuation ocignal lighto). Water
batterieowere inctalled at the aite and cetup the overflow
riok ichigh for the recidenta, and it wacequipped with an
emergency light to begin with. Further advancement
with data tranomicoion oyctemao can be inctalled acwell
ano interconnected with [oT oyctema.

Fig. 80: (a) Water Battery, (b) Functioning of Water Battery.
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SEMINAR/SYMPOSIA/WORKSHOP ORGANIZED

The 7" National Geo-Research Scholar's Meet-2023

The 7" National Geo-Research Scholar's Meet was held
at Wadia Institute of Himalayan Geology, Dehradun
from September 12 to 14, 2023. Following the
inauguration ceremony, there were 4 technical sessions
in which eminent speakers (18 resource persons) from
the geoscientific fraternity of the country delivered their
talks to educate the young researchers. In total 70
research scholars from around the country participated
in the program and showcased their research through
poster and oral presentations. To enhance the geological
field-based knowledge of the research scholars, a post-
conference field visit to the Main Boundary Thrust
(MBT) section in the Dehradun-Mussoorie region was
carried out on September 15, 2023. Such training
remained helpful to the young researchers in
understanding several geodynamic processes combined
with the lecture series by eminent scientists.

The Chief Guest Honourable, Lt. Gen. Gurmit
Singh and other distinguished guests of the inaugural
ceremony, Prof. A.K. Jain, Prof. Sunil Bajpai, and
Padma Shri Dr. V.C. Thakur emphasized the importance
of geoscientific studies on the Himalaya and adjoining
regions. In the welcome address, Prof. A.K. Jain, Prof.
Sunil Bajpai, and Padma Shri Dr. V.C. Thakur
enlightened the importance and recent advances in

geosciences. Dr. R. Jayangondaperumal gave the vote
of'thanks. The abstract volume and the excursion guides
were released during the meeting.

On the day-1, during the technical session-I, Dr.
V.C. Thakur and Prof. A.K. Jain highlighted the
importance of collisional tectonics that gave birth to the
Himalayas and associated mountain-building
processes. Dr. A.K. Singh elaborated on the magmatic
episodes that caused the movement of the Indian plate
during pre- and post-Himalayan formation. Further,
Prof. Sunil Bajpai and Dr. N.K. Meena lectured on the
evolution and extinction of dinosaurs with respect to the
Indian sub-continent and the prevailing paleoecology in
the NW and central Himalayas. Technical session-II
was devoted to the Geo-research scholar's talk, in which
the scholars were allowed for a 2-minutes talk on their
research. In technical session-III, eminent geoscientists
delivered their lectures on climate, tectonics, geo-
hazards, and interpretation of subsurface geo-resources.
The technical session-1V was again devoted to the Geo-
research scholar's talk, in which the scholars were
allowed for a 2-minute talk on their research. The day
ended with a poster session followed by a cultural event.
On day-2 similar technical sessions were carried out in
which eminent scientists from different parts of the
country like Dr. Pankaj Kumar, Dr. R.




Annual Report 2023-24

Jayangondaperumal, Dr. Rakesh Bhambri, Dr. Rajesh
Sharma, Dr. Naresh Kumar, and Prof. Vikram Gupta
delivered their lectures on geochemical and
geochronological methods, mineral exploration,
geospatial techniques and mitigations of geo-hazards.
The day ended with a poster session and valedictory
function. To encourage and motivate young minds,
awards were presented to the best posters.

A post-conference field visit to the Main Boundary
Thrust (MBT) section in the Dehradun-Mussoorie
region was carried out on the third day of the event. In
the field, experts showcased the students' thrust
exposures and important geological outcrops which are
important for geoscientific investigations.

wadia Institute of Himalayan Geology

Welcomes

Inaugu
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A one-day workshop on “Himalayan Hazards: Way
Forward (HHWF-2023)

Wadia Institute of Himalayan Geology (WIHG),
Dehradun, organized a one-day Workshop on
November 24, 2023. This Workshop, “Himalayan
Hazards: Way Forward”, under the framework:

Mountain Specific Hazards and their Management, was
a curtain-raiser Pre-Congress of the 6th World Congress
on Disaster Management (WCDM), organized by the
Government of Uttarakhand in collaboration with
Disaster Management Initiatives and Convergence
Society (DMICS), Uttarakhand State Disaster
Management Authority (USDMA), and Uttarakhand
State Council for Science & Technology (UCOST) from
November 28 to December 01, 2023, with the
overarching theme of “Strengthening Climate Action
and Disaster Resilience”, having the specific focus on
'Mountain Ecosystems and Communities'.

The Workshop was attended by more than 350
dignitaries from different departments from all over
India and abroad. The participation of diverse groups,
representing the scientific community, Institutions,
administrative departments including decision makers
and political forums, public works, irrigation, industries
like hydropower projects, research scholars, heads of
schools and colleges, social workers, and media. The
whole workshop was telecast live on YouTube
(https://youtu.be/bShANKrP1so). The Workshop was
sponsored entirely by the Science and Engineering
Research Board, SERB-DST, Govt. of India, and by
National Thermal Power Corporation (NTPC), Govt. of
India. The Convenors of the workshop were Dr.
Swapnamita Vaideswaran and Dr. Naresh Kumar,
Scientists, WIHG.

The Workshop was focused on deliberations
through plenary talks and display of posters on the
following sub-themes: (i) Landslide Management for
Sustainable Development, (ii) Glacier Hazards and
Plausible Mitigation, (iii) Seismic Risks and Advances
in Earthquake Science, and (iv) Mountain Fluvial
Extremes and Risk-Management.

The presentations by experts from within and
outside India spoke on the above themes, which
provided implications in comprehending several factors
influenced by the natural processes, climate changes,
changed geomorphic features, land degradation, and
anthropogenic activities, development of early warning
systems against geohazards and suggest the way
forward for mountains ecosystem risk management and
mitigation. WIHG played a unique role in this workshop
bringing world-class experts together in building
disaster-resilient, and climate-adaptable brain-storming
discussions for secure living in the Himalaya and
adjoining regions.

SEMINAR/SYMPOSIA/WORKSHOP ORGANIZED
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Participants of the workshop

A Special Session on “Joshimath Disaster: A
Geoscience Outlook”

A Special Session on Joshimath was organized at
Graphic Era University, Dehradun by Wadia Institute of
Himalayan Geology, Dehradun, as part of the Special
Feature Event on November 29, 2024, in the 6" World
Congress of Disaster Management (WCDM). The
Session was chaired by Dr. Prasun Jana, DDG,
Geological Survey of India, Govt. of India, along with

> S tr o ~

...........

B. Ramesh Amalanathan, Principal, St. George's
College, Mussoorie and Dr. Shantanu Sarkar, Director,
Uttarakhand Landslide Mitigation and Management
Centre, Govt. of Uttarakhand as Co-Chairs. The session
was aimed to bring different communities, from schools
and the public to the discussion forum on the Joshimath
land movements and to enlighten them about the
scientific investigations and the results in understanding
the Joshimath slides. Dr. Swapnamita Vaideswaran and

Al
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the team from WIHG convened the Session. The
participants included school students from St. George's
College, Mussoorie, and the Oasis, Dehradun along
with persons from Community Radio, faculties from
schools and colleges, officers from different
organizations in India, and many Indian and Foreign
delegates. The panelists Drs. Kalachand Sain, Naresh
Kumar, P.K.R. Gautam, Swapnamita Vaideswaran, and
Vinit Kumar discussed different issues related to the
Joshimath Disaster and results obtained from geological
and geophysical investigations.

The 2™ Edition SERB-DFG sponsored Indo-
German Young Researcher-2023 meet on
Geodynamics and Climate Science of Himalaya
Region

The 2™ Indo-German Week of the Young Researcher,
organized jointly by the SERB (Science and
Engineering Research Board) and DFG (Deutsche
Forschungsgemeinschaft), was hosted by the Wadia
Institute of Himalayan Geology (WIHG), Dehradun
during November 25 on December 2023. The
Himalayan orogen has been a source of inspiration for
generations of geoscientists, but many scientific
questions and challenges remain. Prof. R.
Jayangondaperumal and Prof. Talat Ahmad convened

the meeting. It brought together young and senior
researchers from various scientific disciplines, working
in German and Indian Scientific Institutions, covering a
wide range of research topics investigating India's
geologic, geomorphologic, and climatic evolution with
a particular focus on the Himalayan region. The latest
research presented at the meeting generated extensive
discussions and interdisciplinary exchange and sparked
ideas for collaborative future projects. The meeting
commenced with a special lecture by Dr. Akhilesh
Gupta, Secretary of SERB and Senior Adviser at DST
(Department of Science and Technology). Dr. Gupta
outlined India's Climate Research Agenda for 2030 and
beyond, shedding light on significant discoveries by the
Indian scientific community in various domains of
Climate Science and Adaptation. These included
Monsoon, Climate Modelling, Aerosol-Climate
Interactions, Hydrology & Cryosphere, Extreme
Events, Oceanic Sciences, Urban Climate, Carbon
Cycle, and Sector-specific Climate Services.
Additionally, Dr. Gupta emphasized existing gaps in
climate research and proposed futuristic avenues to
bridge these gaps. The significant findings and
directions for future research have been subdivided into
five major themes summarised in this brief note.

B TRR AN )
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Photograph featuring both young and senior researchers,as well as representatives from the DFG and SERB at WIHG, Dehradun
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Theme 1: Provenance and sediment flux

Sediments and sedimentary rocks represent material
sourced from rocks that have once been present at the
Earth's surface but have been lost due to erosion.
Considering that sediments and sedimentary rocks
cover more than two-thirds of the Earth's surface, these
represent an invaluable archive to understand the
evolution of our planet. Sedimentary studies presented
at the meeting cover many state-of-the-art analytical
techniques and novel developments applied to
understand geologic processes from 1.8 billion years
ago. Prof. Bodo Bookhagen (University of Potsdam)
delivered a keynote lecture and presented a synopsis of
the long-term work on capturing recent sediment fluxes
inthe Himalayas.

Theme 2: Geodynamics, climate, and landscape
evolution in the Himalaya

The evolution of the Himalayas at different
spatiotemporal scales was discussed in this theme. The
session started with the keynote address by Prof. Talat
Ahmad, who summarized the extensive geochemical
investigations of the mafic and felsic rocks of northwest
Himalaya, shedding light on their petrogenetic history.

Finally, the thermodynamic constraints related to
the textural and mineralogical evolution of high-grade
metamorphic rocks were discussed, where the role of
equilibration volume in the formation of complex
microstructures, such as double coronal structures
around alumina silicate minerals, was presented. The
participants discussed and introduced novel concepts
that aim to bridge the gap between thermodynamic
constraints and petrochronological modeling,
facilitating a more precise understanding of the
tectonic-metamorphic evolution of the Himalayan
orogeny.

Prof. Peter van der Beek from the University of
Potsdam presented a keynote lecture exploring potential
connections between atmospheric CO, and the
lithosphere. Prof. Van Der Beek discussed the role of
silicate weathering and organic carbon storage in the
Himalayas, examining their impacts on glaciation,
mountain belt erosion, and relief.

Theme 3: Geo-Hazards in the Himalaya and plausible
mitigation steps

Over the past two decades, numerous paleo-seismic
studies have been undertaken in the Himalayas to
deduce information about the timing, size, rupture

extent, return period, and mechanics of faulting
associated with large to great surface rupturing
earthquakes along the Himalayan Frontal Thrust (HFT)
or Main Frontal Thrust System. During the meeting, a
keynote lecture was delivered by Prof. R.
Jayagondaperumal (Scientist-F, WIHG, Dehradun) and
presented on the various aspects of paleoseismic studies
in the Himalaya, focusing on the role of the HFT in
Himalayan seismicity. The speaker emphasized the
necessity of developing a calendar recording the paleo-
earthquake history of the Himalayan region for
academic research and varied future purposes. Such
efforts could unveil seismic gaps and have practical
applications in providing input parameters for Seismic
Hazard Assessment, potentially impacting the safety of
the Himalayan foothills. Dr. Rasmus Thiede from Kiel
University presented a keynote lecture on millennial-
scale fault slip rates and the associated structural
architecture in the Western Himalayas.

Two keynote talks (Delivered by Dr. Kalachand
Sain, Director, WIHG, Dehradun, and Prof. T. N. Singh,
Director, IIT Patna) focussed on the numerical
modeling of the landslides and mitigating natural
hazards. He proposed that mitigation efforts could
involve designing appropriate buildings and developing
Integrated Early Warning Systems (IEWS). This would
include deploying web-based sensors in the field, real-
time data transmission to the laboratories, processing
and analyzing data using advanced algorithms, and
disseminating information through an alert system
before potential tragedies occur. The benefits of the use
of Artificial Intelligence, with the help of high-
resolution sensor data, to mitigate natural hazards were
also discussed.

Theme 4: Field Excursions

Three field excursions were conducted as part of the
workshop: (i) Transect across the Mohand
Anticline/Monocline and exposure of the Main Frontal
thrust (MFT), (ii) Visit the Tehri Dam and the transect
across the Outer Lesser Himalaya in Uttarakhand, (iii)
Visit to the exposure of the Main Boundary thrust
(MBT).

Theme 5: Brainstorming sessions

After the scientific sessions and talks by the
representatives of the funding agencies, the participants

engaged in a brainstorming session to deliberate on the
major thrust areas of research and the future direction.
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AWARDS AND HONOURS

Dr. M. Rajanikanata Singh received International
Young Scientist Award 2023 (Silver medal and
certificate) for paper presentation at the 6"
International Scientist Congress, 8-9, May 2023
organised by the International Science Community
Association in collaboration with Graphic Era
Deemed to be University, Dehradun.

Dr. Kalachand Sain received the “Excellence in
Research Award” from the Dehradun International
Science & Technology Festival.

Dr. Pankaj Chauhan was awarded by SERB
International Research Experience (S/RE)
fellowship for the year 2023-24.

Dr. Parveen Kumar received the award of SERB
International Research Scheme 2023-2024.

Dr. Kalachand Sain received the Best Paper Award-
2023 from WIHG, Dehradun.

VISITS ABROAD

Dr. Kapesa Lokho attended the INQUA Congress
held during July 14-20, 2023 at Sapienza University
of Rome, Italy.

Dr. Rakesh Bhambri visited Heidelberg University,
Germany, from June 06 to July 02, 2023 and
delivered lectures on Himalayan Cryosphere
Hazards to master students of Heidelberg
University.

Dr. Pankaj Chauhan Visited Japan under the SERB
International Research Experience (S/RE)
fellowship program from September 11, 2023 to
March 11,2024.

Dr. Parveen Kumar visited the Department of Earth
Sciences, University of Oregon, Eugene, Oregon,
USA as a Visiting Scholar from September to
December 2023.

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
1. | Dhirendra Dr. Naresh Kumar Subsurface structure and seismotectonic IIT (ISM), Dhanbad | Awarded
Yadav Prof. Sanjit K. Pal investigation of Kinnaur Himalaya: March,
Constraint from waveform modelling 2023
of seismological data
2. | Anil Tiwari Dr. Ajay Paul Source mechanisms of earthquakes in Kumaon University, | Awarded
Dr. Rajeev Upadhyay] Kumaon-Garhwal region, NW Himalaya, | Nainital April, 2023
India, and its seismotectonic implications
3. |JohnP. Dr. Rajesh Crustal deformation studies in the IIT (ISM), Dhanbad | Awarded
Pappachen Sathiyaseelan Garhwal-Kumaun Himalaya, Northwest June, 2023
Prof. Sanjit K. Pal India: An investigation on the kinematics
of plate boundary faults using Geodetic
measurements
4. | Monika Dr. Parveen Kumar | Attenuation studies of Uttarakhand BHU, Varanasi Awarded
Dr. Sandeep Himalaya and its implication in strong July, 2023
motion simulation
m . . . . . . .
= 5. | Varsha Rawat | Dr. Suman Lata Centennial scale variations in the Indian | Kumaun University, | Awarded
7)) . ) -~
= Srivastava summer monsoon: A multi-proxy record | Nainital Sept., 2023
= using deposits of Bedni and Deoriatal,
P: Garhwal Himalaya
a
m’ 6. | Vaishali Dr. Naresh Kumar Seismogenesis of the Garhwal Himalaya | Kumaun University, | Awarded
= Shukla Prof. C.C. Pant and its correlation with earthquake Nainital Sept., 2023
precursory signatures: Constraint from
recent seismicity and earthquake source
characteristic
7. | Sakshi Maurya| Dr. Santosh K Rai Late Holocene climatic reconstruction IIT (ISM), Dhanbad | Awarded
Prof. Sushanta from Higher Himalaya, Ladakh Oct., 2023
Sarangi
8. | Ambar Solanki Dr.Vikram Gupta Slope stability assessment with reference | BHU, Varanasi Awarded
Dr. S.S. Bhakuri to morphotectonics, Kali valley, Dec., 2023
Prof. M. Joshi Kumaun Himalaya
9. | Aravind Anil | Prof. R. Neo Tectonics of Surin Mastgarh Anticline| Kumaun University, | Awarded
Jayangondaperumal | (SMA) along Chenab, Munavar Tawi, and | Nainital Jan., 2024
Chakki River Basins, Jammu and Kashmir,
NW-Himalaya, India
10. | Manas M. Dr. Barun K. Genetic facets of Ophiolite-Melange of IIT (ISM), Dhanbad | Awarded
Mukherjee Indus-Tsangpo Suture Zone, Western Jan., 2024
Prof. R. Dubey Ladakh Himalaya, India
11. | Nongmaithem | Dr. Naresh Kumar 3D Tomographic modeling for NE India | IIT, Roorkee Awarded
Menaka Chanu] Prof. Sagarika using surface wave March,
Mukhopadhyay 2024
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SI. | Name of Supervisor Title of the Theses University Awarded/
No.| Student Submitted
12. | Sanjay Kumar | Dr. Naresh Kumar Earth structure from free oscillations and | IIT (ISM), Dhanbad | Submitted
Verma Prof. Sanjit K. Pal seismic tomography: Spatial temporal Nov., 2023
anomalies of seismic wave speeds
13. | Abhishek Dr. R.K. Sehgal Reconstruction of biostratigraphy and AcSIR, (WIHG) Submitted
Pratap Singh | Dr. N. Premjit Singh | palaeoecology of the Siwalik succession Jan., 2024
exposed around Nurpur (District Kangra,
Himachal Pradesh) and Dunera
(District Pathankot, Punjab), India
14. | Alosree Dey | Dr. Koushik Sen Evaluating metamorphism and strain AcSIR (WIHG) Submitted
regime during continental subduction and Jan., 2024
exhumation of the Tso Morari Crystalline
Complex, NW Himalaya
15. | Monika Dr. AK. Singh Geochemistry and Geodynamic BHU, Varanasi Submitted
Chaubey implication of Mafic-Ultramafic rocks of Feb., 2024

the Ophiolites in the Indo-Myanmar
Orogenic Belt, NE India
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PARTICIPATIONS IN SEMINAR/ SYMPOSIA/ MEETINGS/ TRAINING

A Conclave on “Urbanization and Development in
Fragile Mountain Ecosystems” in Nainital,
Uttarakhand, from April 4 to 6, 2023, organized by
Urban Development Directorate, Uttarakhand

Participant: Pankaj Chauhan

Executive Council meeting of the Palaecontological
Society of India on April 19, 2023 (Virtual mode)

Participant: Kapesa Lokho

Brainstorming Session on “Climate Change Impact
and Adaptation in the Water Sector in India” at the
National Institute of Hydrology, Roorkee on April
28,2023

Participant: Amit Kumar

7" Conference on Science & Geopolitics of
ARCITIC AND ANTARCTIC SaGAA 7, entitled
“The Future of Arctic Ice, An Indo-Pacific
Connect” held at India International Centre, New
Delhi, during April 27-28, 2023 (Sponsored by
MOoES, New Delhi)

Participants: Amit Kumar, and Pankaj Chauhan

7" Annual Convention “Advances in Earthquake
Science (AES-2023)” of Indian Society of
Earthquake Science (ISES) at Kashmir, Jammu &
Kashmir (UT), during May 25-27, 2023

Participants: Naresh Kumar, D.K. Yadav, and
Chinmay Halder

Executive Council meeting of the Palacontological
Society of India on August 05, 2023 (Visual mode)

Participant: Kapesa Lokho

7" National Geo-Research Scholar's Meet-2023 held
at WIHG, Dehradun during September 12-14,2023

Participants: All WIHG Scientists and Research
Scholars

Akhil Bhartiya Rajbhasha Sammellan held at Pune
on September 14,2023

Participant: Suman Lata Srivastava

The 19" Centre Geological Programming Board
(CGPB) Committee-IX (Geoscientific Investigation)
meeting held on September 26,2023 (Online)

Participant: Kapesa Lokho

Hands-on training in "Material Diagnostics and
Analytical Techniques" organized by Uttarakhand
Science Education & Research Centre (USERC)
during October 05-11,2023

Participants: Anil Kumar and Saurabh Singhal

The Pre-Conference workshop of the 6th World
Congress on Disaster Management (WCDM) on
October 13, 2023, organized by Uttarakhand State
Disaster Management Authority (USDMA),
Dehradun at Hotel Pacific, Dehradun

Participants: Swapnamita Vaideswaran, Santosh
Rai, Devajit Hazarika, and Amit Kumar

The 4" Dehradun International Science and
Technology Festival (DISTF-2023) held at DIT
University, Dehradun during October 27-29, 2023

Participant: Jitender Kumar

National workshop on “Geodynamics in Himalaya
& Disaster management” and Annual Convention
of Geological Society of India at Central University
of Himachal Pradesh Dharamshala during
November 6-8.2023

Participant: Naresh Kumar, Kapesa Lokho, Devajit
Hazarika, Swapnamita Vaideswaran, N.K. Meena
and Naveen Chandra

One-day workshop on “Himalayan Hazards: Way
Forward (HHWF-2023)” held at WIHG, Dehradun
on November 24,2023

Participants: All the scientists of WIHG, Dehradun

The Consultation Workshop on “Mainstreaming
resilience for water security in Uttarakhand” held
on November 18, 2023, at Uttarakhand State
Irrigation Department, Dehradun

Participants: Santosh K Rai and Rauf A Shah

Webinar on "Heritage in the Asia-Pacific: Nature,
Culture and the World Heritage Convention"
organized by WII-C2C at Wildlife Institute of
India, Dehradun on December 18,2023

Participant: Kapesa Lokho

Quarterly Hindi workshop on “Climate Change in
the Present Scenario”, organized at WIHG,
Dehradun on December 18,2023

Participant: N.K. Meena




Annual Report 2023-24

IEEE India Geoscience and Remote Sensing
Symposium (InGARSS) held at International
Institute of Information Technology Bangalore
during December 10-13,2023

Participant: Naveen Chandra

Executive Council meeting of the Palacontological
Society of India on February 19, 2024 (Virtual
mode)

Participant: Kapesa Lokho

GRO-GTP Geothermal Training Programme in
Iceland for 6 months from May to November 2023

Participant: Sameer K. Tiwari

60" Annual Convention of Indian Geophysical
Union, held at Department of Marine Geology and
Geophysics, Cochin University of Science and
Technology, Kochi, Kerala during November 22-
24,2023

Participants: Suman Konar, Kurakula Kalyani,
Bappa Mukherjee, and Kalachand Sain
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DISTINGUISHED LECTURES DELIVERED IN THE INSTITUTE

SIL. No. | Date Speaker Event & Topic
1. May 11, 2023 Prof. Annpurna Nautiyal, National Technology Day
Vice Chancellor, “India's G20 Presidency and how
H.N.B. Garhwal University, Srinagar | technology can be used for confronting
climate change and education”
2. May 29, 2023 | Isabella Marino Women Harassment Prevention
Criminology and Criminal Justice Committee of WIHG
Department, University of East “Women trafficking in this world,
Tennessee State concerns and awareness for such issues”
3. June 05,2023 | Shri Satya Prakash Sharma World Environment Day
Former Administrator and Academic “Indian thought on Environment
Advisor Govt. of Delhi Protection”
4. June 30,2023 | Padma Bhushan Foundation Day
Dr. Anil Prakash Joshi “Economy and Ecology: Steps together”
Founder-HESCO
5. Sept. 15,2023 | =T w=wEA ifear &t TerETet
. Senfes “SEHT AT IS T SR WRA hi ISH"”
(S ArEHt QUia §eerm)
6. Sept. 20,2023 | & 3= HaTSt &t Tarer
as3 fom Afecshr “fet i foam T st W @R W
7. Sept. 22,2023 | st wrifa et fesien &t werEren
GIET LA RIECED "SRt ae AR
8. Sept. 26,2023 | IgH #ft sfwet st fose SR <1 HHISTh T
fasemferg SR maen
9. Sept. 29,2023 | =T 7%= fag fase, fe=<t qEarer THYE qURE
AR YSITeTa FeI, S8
10. Oct. 05, 2023 Dr. Paritosh Singh Swachhta Pakhwada (Swachhta hi Seva)
DBS College, Dehradun Lecture “Mahatma Gandhi and Sociology
of cleanliness (Role of the cleanliness in
social change)”
11. Oct. 31, 2023 Prof. T.N. Singh J.B. Auden Memorial Lecture
Director, Indian Institute of “Rockfall: Prediction and its Remedial
Technology (IIT) Patna Measures in High Hill” Vigilance
12. Nov. 03,2023 | Shri Satya Prakash Sharma Awareness Week “Vigilance and
Former Administrative and Corruption”
Vigilance Officer, Govt. of Delhi
13. Nov. 10,2023 | Dr. Shishir Prasad 8" Ayurveda Day Lecture
Uttarakhand Ayurved University, Global Outreach and Clinical Applications
Dehradun of Marma Chikitsa for Pain Management
14. March 12, 2024| Padma Shri Smt. Basanti Bisht International Women's Day

“The situations of women in remote areas
and villages”
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LECTURES DELIVERED/ INVITED TALKS BY INSTITUTE SCIENTISTS

Name of Institute | Programe Organizer/Venue/ | Date Topic/ Title of lecture
Scientist Institute
M. Rajanikanta 6" International Young Scientist| May 08, 2023 Petrogenesis of Proterozoic volcanic rocks
Singh Congress 2023, which was held from the Northwestern Himalaya: A probable
on May 8 and 9, 2023, example of interaction between plume and sub
organised by the International continental lithospheric mantle
Community Science
Association in collaboration
with Graphic Era Deemed to be
University, Dehradun
R. Jayangonda- Dept. of Geology, Kashmir May 25, 2023 Detachment folding, growth mechanism and

perumal

University

seismic potential in the Jammu Sub-Himalaya

Devajit Hazarika

CSIR-Northeast Institute of
Science and Technology, Jorhat
Assam on the occasion of

July 04, 2023

Great earthquakes of the North-East India

Assam Earthquake Day

Parveen Kumar FRI Deemed University, July 10, 2023 Natural Hazards and Disasters
Dehradun

B.K. Mukherjee ONGC GEOPIC July 17, 2023 Hydrocarbon in recycled crust

Kapesa Lokho The INQUA Congressheld July 14, 2023 Sea-level changes and the closure of Neo
during 1420 July, 2023 at -Tethys seaway during the Middle Miocene in
Sapienza University of Rome, the Naga Hills, Indo-Myanmar Range
Italy

Rakesh Bhambri 7" National Geo-Research Sep. 13,2023 Assessment of Himalayan Glaciers and

Scholars Meet on Geosciences:
Emerging Methods, at WIHG,
Dehradun

Associated Hazards Using Geospatial
Techniques

Naresh Kumar

7" National Geo-Research
Scholars Meet on Geosciences:
Emerging Methods, at WIHG,
Dehradun

Sept. 12,2023

Geophysical Tools and Techniques: Study of
Geodynamics and natural Hazards in the
Himalayan Region

Vikas

7" National Geo-Research
Scholars Meet on Geosciences:
Emerging Methods, at WIHG,
Dehradun

Sept. 12,2023

Understanding Orogenic Exhumation using
Thermochronology

M. Rajanikanta
Singh

7" National Geo-Research
Scholars Meet on Geosciences:
Emerging Methods, at WIHG,
Dehradun

Sept. 13, 2023

Orally and through posters entitled “Zircon
separation from the northwest Himalayan
mafic rocks: a potential method for U-Pb
dating

Rakesh Bhambri

International Conference on
Himalayan Environment in
Changing Climate Scenario.
University of Ladakh, Leh,
19-23 September 2023

Sept. 20, 2023

Assessment of Himalayan Glaciers and
Associated Hazards

LECTURES DELIVERED/ INVITED TALK BY INSTITUTE SCIENTISTS
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Swapnamita
Vaideswaran

International Conference on
Himalayan Environment in
Changing Climate Scenario.
University of Ladakh, Leh,
Sept. 19-23, 2023

Sept. 20, 2023

The Joshimath Crisis: interpreting the ground
signatures and the causes.

LECTURES DELIVERED/ INVITED TALK BY INSTITUTE SCIENTISTS

Pankaj Chauhan Keio University, Japan Oct. 12, 2023 Glacier of the Himalaya and related hazards
P.C. Kumar Workshop on “Al & ML in Oct. 16, 2023 Basic Concepts of AI/ML: Motivations and
Earth System Science” held at Fundamentals
BHU Varanasi during Oct.
16-17,2023
Jitender Kumar Workshop on “Al & ML in Oct. 16, 2023 A peep into the subsurface through ML
Earth System Science” held at approach
BHU Varanasi during Oct.
16-17,2023
Bappa Mukherjee | Workshop on “Al & ML in Oct. 16, 2023 ML & DL assisted geoscientific data
Earth System Science” held at interpretation
BHU Varanasi
Santosh K. Rai The Young Scientists Online Nov. 2, 2023 Denudation process and Material transfer in
Seminar on Climatic Change Himalayan River Systems
and Earth Systems, on
November 2, 2023, Kathmandu,
Nepal
Devajit Hazarika | National workshop on Nov. 6, 2023 Imaging the crustal structure at the northeast
Geodynamics in Himalaya & corner of the indenting Indian Plate
Disaster Management held
during Nov. 6-8, 2023 at
Central University of Himachal
Pradesh, Dhramshala,
Himachal Pradesh
M. Rajanikanta National workshop on Nov. 6, 2023 Implications for Paleoproterozoic arc
Singh Geodynamics in Himalaya & magmatism: Geochemistry of tholiitic dykes
Disaster Management held from the Banjar Formation, Himachal
during Nov. 6-8, 2023 at Himalaya
Central University of Himachal
Pradesh, Dhramshala,
Himachal Pradesh
Kapesa Lokho National workshop on Nov. 7, 2023 First Report of Eocene Echinoids from the
Geodynamics in Himalaya & Sylhet Limestone, Mikir Hills of Assam, India:
Disaster Management held Paleontological, Paleogeography and
during Nov. 6-8, 2023 at paleoenvironmental significance.
Central University of Himachal
Pradesh, Dhramshala,
Himachal Pradesh.
Naveen Chandra | National workshop on Nov. 7, 2023 Automated Extraction of Landslides in the
Geodynamics in Himalaya & Himalayan Region Using Satellite
Disaster Management held Imagery-Based on YOLO Algorithms.
during Nov. 6-8, 2023 at
Central University of
Himachal Pradesh, Dhramshala,
Himachal Pradesh.
102
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Swapnamita Pre-Conference of the Nov. 07, 2023 Dima Hasao to Joshimath - Disasters &
Vaideswaran 6"WCDM, Doon University, Development: Addressing the concerns
Dehradun and reimaging strategies
Pinky Bisht The 14" Symposium on Nov. 15, 2023 Late Quaternary glaciation and its
Polar Science, NIPR, Tokyo implications in the Yankti Kuti valley,
(online) Uttarakhand, India
Pankaj Chauhan | Keio University, Japan Nov. 15,2023 Early Warning System Vs Hazards
Anil Kumar An International; workshop | Nov. 27, 2023 Paleoflood records from the Himalaya
on DFG week of Young
Researcher 2023 held at
Wadia Institute of Himalayan
Geology, Dehradun during
Nov. 27 - Dec. 1, 2023
Rakesh Bhambri | The Indo-German Young Nov. 28, 2023 Assessment of Himalayan Glaciers and
Scholar Meet, organized by Associated Hazards Using Ground and
DST and DFG, held at the Space Observations
Wadia Institute of Himalayan
Geology,
Swapnamita 6" World Congress on Nov. 29, 2023 What is happening in Joshimath?
Vaideswaran Disaster Management, held
at Graphic Era University,
Dehradun
Naresh Kumar 6" World Congress on Nov. 29, 2023 How is the shaking around Joshimath?
Disaster Management, held
at Graphic Era University,
Dehradun
Devajit Hazarika | 6" World Congress on Nov. 29, 2023 Earthquakes scenario in northeast India:
Disaster Management, held An appraisal on seismogenesis and
at Graphic Era University, subsurface structure
Dehradun
Vandana 6" World Congress on Nov. 29, 2023 Assimilation of seismic attenuation model
Disaster Management, of NW Himalaya region and its earthquake
28" Nov.-1" Dec., 2023, risk potential
Dehradun, India
Naveen Chandra | 6" World Congress on Now. 29, 2023 Landslide Information Extraction in
Disaster Management, Multiple Satellite Datasets Based on
28" Nov. -1* Dec., 2023, YOLO-NAS model.
Dehradun, India
Naveen Chandra | IEEE India Geoscience and | Dec. 12, 2023 Attention-Based YOLOV5 Model for

Remote Sensing Symposium
(InGARSS) held at
International Institute of
Information Technology
Bangalore during

Dec. 10-13, 2023.

Enhancing Landslide Detection in Remote
Sensing Imagery

LECTURES DELIVERED/ INVITED TALK BY INSTITUTE SCIENTISTS
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Swapnamita
Vaideswaran

Technical Workshop on
Landslide Treatment and
Erosion Control Works in
Hills, Uttarakhand Forest
Resource Management
Project, Govt. of Uttarakhand

Dec. 15-16, 2023

The deep-seated, slow-moving landslide of
Joshimath: interpreting the ground
signatures and the causes

B.K. Mukherjee

India International Science
Festival (IISF) outreach held
at WIHG, Dehradun

Dec. 18, 2023

Himalaya past & present

Pankaj Chauhan

Keio University, Japan

Jan. 17, 2024

Overview of the Himalaya glaciers and
impact of the climate change, A case study
from Kumaun Himalaya

Course in Earth Sciences
organized by University of
Jammu, Srinagar

Swapnamita National Workshop on Feb. 01, 2024 Considering the unexpected during
Vaideswaran Landslide Treatment and management of a disaster: the deep-seated
Erosion Control Works in landslide of Joshimath

Project for Natural Disaster
Management in Forest Areas
in Uttarakhand, Govt. of
Uttarakhand

Rakesh Bhambri | The International March 02, 2024 | Monitoring of Himalayan Glaciers and
Geomorphological Society Associated Hazards Using Ground and
Conference (Virtual mode) Space Observations

A.K. Singh Two weeks Refreshers March 06, 2024 | Remnants of ancient oceanic lithosphere in

the eastern margin of Indian plate: origin,
evolution and emplacements

Naresh Kumar

8th Annual Convention on
“Advances in Earthquake
Science (AES-2024)”, held
at CSIR-CBRI, Roorkee

March 28, 2024

An overview of central Himalayan
seismicity: Implications for seismic hazard
and Joshimath subsidence
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MEMBERSHIP
Naresh Kumar Executive
Committee Member: Indian Geophysical Union (IGU)
Manish Mehta Member: 28" Regional Coordination Committee (RCC)
meeting of National Institute of Hydrology
Expert Member: (Nominated) Steering Committee for "Monitoring

of Glaciers" in NIH, Roorkee

Pinkey Bisht Member: e The Association of Quaternary Researchers
(AoQR), India

e American Geophysical Union (AGU)

e Stratigraphy and Chronology (SACCOM)

Sameer Tiwari Member: Life Time member of UNESCO-GTP, Iceland
Som Dutt Member: Life membership of Vijnana Bharti
Anil Kumar Member: e Joint Committee in the matter of original Application

No. 720/2023 on the news item appearing in Current
Science dated 25.10.2023 titled “Need to declare the
Higher Himalaya an eco-sensitive zone”, submitted
before Hon'ble National Green Tribunal (Principal
Bench).

e 3“FIGA held at WIHG

e A committee member for finalizing the technical
specification for the Instrumentation andanalytical
facilities required for establishing the Polar
Luminescence Laboratory at the National Centre for
Polar and Ocean Research (NCPOR), Goa

MEMBERSHIP

Naveen Chandra Annual Member: e Geoscienceand Remote Sensing Society (GRASS),
23 November, 2023

o Institute of Electrical and Electronics Engineers
(IEEE), 23 November 2023

Jitender Kumar Active Member: Society of Exploration Geophysicists
Vandana Member: e Life time member of Indian Society of Earthquake
Science (ISES)

e Life time member of Himalayan Geology
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PUBLICATION AND DOCUMENTATION

The Publication & Documentation section brought out
the (i) 'Himalayan Geology' volumes 44(2) 2023 and
45(1) 2024; (i1) Annual Report of the Institute for the
year 2022-23 (bi-lingual); (iii) Hindi magazine
'Ashmika' volume 29 (2023); (iv) Booklet on 6" WCDM
Pre-Congress Workshop on Himalayan Hazards: Way
Forward (HHWF-2023) and Publicity brochure etc.

The section was also involved in the dissemination
of the publications to individuals, institutions, lifetime
subscribers, book agencies, national libraries, and
indexing agencies, under an exchange program, and
maintaining the sale and accounts of publications. Apart
from this, works pertaining to the printing of publicity
brochures, etc., are also taken up.

Himalayan Geology (journal) website
http://www.himgeology.com is functioning along with
an online manuscript submission facility under this
section. All information regarding the journal including

contents and abstracts is updated from time to time on
the website. Online access to the current published
volume to the online subscribers and lifetime members
(those who have been given the choice to obtain the
volumes in soft copy through online access/email) also
has been provided. At present, 182 lifetime subscribers
receive the journal through online access/email. The
journal is indexed in UGC CARE, Scopus, Web of
Science (SCIE), Thomson Reuters/Clarivate Analytics
(US), Elsevier (Netherlands), and Indian Citation Index
(India) regularly etc. The current impact factor of the
journal is 1.2 (Source: Clarivate Analytics).

The section also provides the facility & technical
support services of A0 size scanning and printing to the
scientists, research scholars, and other staff of the
Institute. During this period, more than 150 maps and
posters were printed for display in laboratories,
workshops/seminars and exhibitions, etc. and 100
maps/sheets were scanned.
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LIBRARY

Wadia Institute of Himalayan Geology library has an
excellent collection of books, monographs, journals, e-
books, etc., on mountain building and geological and
geophysical aspects of the Himalayas. It has a unique
position with its collection. Also, the collection and
services offered make it one of the country's best
libraries in earth sciences. The scientists, researchers,
project staff, and students fully utilize the Library while
publishing their research work in reputed peer-reviewed
journals. Specialists and professionals nationwide also
visit our library to consult thematic and rare collections.

The Library has more than 6882 selected e-books
from different publishers and learned societies on the
thrust areas of the research in the Institute.

Acquisition of Documents: The Library has paid and
subscribed to 58 International and 2 Indian Journals,
and 10 magazines have also subscribed to this year. A
total of 38 reference books have been added. Inaddition
to this, a total number of 73 books have been purchased
for the Hindi Collections.

National Knowledge Resource Consortium
(NKRC): The Library is a member of NKRC and
continues to receive the support of Consortia towards
online access to Elsevier's “Earth and Planetary Science
collection”, Wiley's “Earth, Space & Environmental
Sciences”; Springer “Earth and Environmental Science
and Chemistry” collections. In addition to this, WIHG
Library has access to the IEEE, Web of Science,
Elsevier-Scopus, Wiley & Blackwell, and iThenticate
(Plagiarism Detection Software) publications. Apart
from our subscriptions, all these publishers contribute
online access to more than four hundred journals' titles.
Grammarly, Knimbus, E-Journals, E-books, and Pro-

Quest databases (Dissertations and Theses, Science and
Technology, E-Books) were also purchased during this
period.

Reprography facility: The library serves as a central
repository for the institute's demand. This facility is
being extended to the scientific and administrative
sections of the institute. And 85000 (approx.) pages
were copied during the reporting year.

Computer Facility: The library has a hub of computers
for users to access e-books, e-journals, and other e-
resources, either subscribed to by WIHG Library or
available through NKRC. This facility was also
extended to the students and summer trainees. The hub
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:
(i) Reprographic Services, (ii) Reference and
Consultation Services, (iii) Electronic information
resource access, (iv) Document Delivery Services, (V)
CD-ROM Database, (vi) CAS and SDI, (vii) Printing of
Article, (viii) Scanning of Document, (ix) Plagiarism
Check, and (x) Circulation Service. The Institute
Library organized a training program in the Committee
Room in collaboration with the Clarivate-Proquest
Database. The training theme was Nurturing the
Research Ecosystem with Clarivate-Proquest Database.
The training program deals with improving research
output using the Proquest database. This training gave a
practical demonstration of the Proquest database. The
WIHG participants benefitted from this training. The
training was coordinated by Dr. Balram, Librarian
WIHG Dehradun.

LIBRARY
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S.P. NAUTIYAL MUSEUM

The Museum of the Institute continued to attract a large
number of students and the general public from across
the country. The visitors showed keen interest in rocks,
minerals, and fossil specimens displayed in museum
galleries. The models of the extinct mammals received a
special attraction. The museum of the Institute is
receiving more and more publicity and its name can be
found on various social media platforms such as
www.tripadvisor.in; www.dehraduntourism.in;
www.myholidayhappiness.com and many others. In the
previous year, IFS probationers, Forest Rangers, Navy
Officers, Army personnel, etc. visited the museum.
Visitors from foreign countries such as Germany,
Australia, England, Nepal, and Sri Lanka also visited
the museum.

This year museum organized several outdoor
exhibitions including:

e 4" Dehradun International Science and Technology
Festival (DISTF-2023) during October, 27- 29,
2023 at DIT University, Dehradun

India International Trade Fair (IITF) held at Pragati
Maidan, New Delhi during November 14-27,2023.

6" World Congress on Disaster Management
(WCDM) held at Graphic Era University, Dehradun
from November 28 to December 01, 2023.

One Day Outreach Program at WIHG, Dehradun as
a part of India International Science Festival (IISF-
2023) organized on December 18, 2023.

Rise in India Mega Exhibition at Ghaziabad, Uttar
Pradesh during December21-23,2023.

India International Science Festival (IISF) 2023,
'Science and Technology Public Outreach in Amrit
Kaal'at Faridabad, Haryana, January 17-20, 2024.

18" Uttarakhand State Science and Technology
Congress (USSTC), Haldwani, Nainital
(Uttarakhand) during February 8-9,2024.

Vasant Utsav at Rajbhavan, Dehradun during
March 01-03,2024.

Shri Kiren Rijiju, Union Cabinet Minister, Prof. Abhay Karandikar, Secretary, DST,
Prof. Ashutosh Sharma, Former Secretary, DST and Shri S. Somanath, Chairman ISRO visited
WIHG exhibition stall in the [ISF-2023 held at Faridabad during January 17-20, 2024.
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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 QOutside Users Total
Inductively Coupled Plasma Mass Spectrometer Newly Installed - -
(ICP-MS) Lab in January 2024
Laser Ablation Inductively Coupled Plasma Mass 252 34 286
Spectrometer
(LA- MC-ICP-MS) Lab
Stable Isotope Lab 603 22 625
Luminescence Dating (TL/OSL) Lab 70 63 133
Fission Track Lab 79 20 89
Mineral Separation Lab 162 30 192
Sample Preparation Lab
Slide preparation 814 370 1184
Sample powdering 658 436 1094
XRD Lab 231 18 249
X-Ray Fluorescene Spectrometer (XRF) Lab 566 628 1194
Laser Micro Raman Spectrometer (LMRS) & 23 2 25
Fluid Inclusion Lab
Rock magnetic & Palaecomagnetism Lab 106 48 154
Dendrochronology Lab 85 Tree cores 0 85 Tree cores
Micropaleontology Lab 350 0 350
Laser Particle Size Analyzer (LPSA) Lab 345 1 346
Sedimentology Lab 83 9 92
Vibratory Sieve Shaker 85 5 90
Clay Slide Preparation 14 0 14
Palynology Lab 65 0 65
Laser Water [sotope Analyzer (LWIA) Lab 200 100 300
Water Chemistry Lab (Ion-Chromatograph) 200 100 300
Total Organic Carbon Lab 615 32 647

Photography Section

WIHG Photography section plays a crucial role in
documenting the various functions and activities
organized by the institute. With approximately 6300
photographs and videos taken during the reporting year

2023-2024, the photography section covers a wide
range of events, from foundational celebrations like
Foundation Day and Founders Day to national
observances like National Science Day, National
Technology Day, Independence Day and Republic Day,
as well as cultural events, such as Women's day,
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Udbhav, Scientific activities including conferences,
Seminars / Symposia and also superannuation parties
for institute events. The high-resolution DSLR camera
used ensures that the images captured are of excellent
quality, which is essential for their use on the institute's
web pages and in various reports. Additionally, the
around 283 snaps taken of rocks and fossils in the
museum add another dimension to the documentation
efforts, showcasing the scientific and educational
aspects of the institute's work. The majority of scientists
have cameras issued permanently to them for use in the
field and laboratory, while the remaining scientists form
a project, and research scholars are provided cameras
from apool as and when they require it.

Drawing Section

The Drawing Section provides the cartographic needs
of the Scientists of the Institute for in-house as well as
sponsored project works. During the Year, the section
has provided fourteen geological maps/structural maps/
geomorphological maps/seismicity diagrams for the
scientists and research scholars of the Institute. Besides,
the tracing of two topographic sheets/aerial photo maps
was carried out along with the preparation of the four
geological columns. The section has also provided
name labels and thematic captions during different
activities and functions of the Institute.

Sample Preparation Laboratory

The Sample Preparation Lab of WIHG, Dehradun
prepares samples for high-end geochemical, structural,
sedimentological, and geotechnical investigations, at
par with international standards. Presently, ordinary and
EPMA thin-section slides are being prepared in this
facility. Mineral Separation and slide preparation work
for 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 Buehler, Struers make rock cutting and
polishing machines. In addition, the lab also has Frantz
Magnetic Barrier Separation, Fritsch Jaw Crusher and
Disk Mill, Holman Wilfley Table, and Automatic
Polishing machine. This high-end facility is being used
by researchers of various R&D institutes and
universities all across India.

Computer and Networking Section

WIHG Computer & Networking Section takes care of
all the computational requirements of the Institute to
facilitate important research work free of any [T-related

worries. Post-COVID pandemic, the role and
responsibilities of the Computer Section have increased
manifold. The pandemic changed the way meetings,
seminars, interviews, etc. are conducted, and ever since
many of the important meetings, seminars, workshops,
interviews, etc., have been conducted online or in
hybrid mode. The employees of the Computer Section
work tirelessly to not only organize these events
seamlessly but also to provide uninterrupted IT services
to the whole Institute.

Wadia Institute has been organizing Distinguished
Lectures by Eminent Scientists/Professors around the
year. Many of these lectures have been conducted
online (or in hybrid mode) and the WIHG Computer
Section has been instrumental in the successful
conducting of these lectures by providing all-round
support for the same. Even during offline events,
requisite arrangements as per the requirement are made
for the success of the events.

As per the instructions from the S&T Ministry, the
Cyber Jagrookta Diwas (CJD) is being organized on the
first Wednesday of every month to create awareness
about the latest cyber threats and cyber hygiene for the
prevention of cyber crimes. Lectures and presentations
have been given not only to the Institute employees and
research scholars but efforts have also been made
towards educating the security guards, gardeners, and
housekeeping staff so that they can also be made fully
aware of these threats and safeguard against any loss
arising from it.

The Computer Section caters to the computational
requirements of the whole Institute i.e., scientists and
all the other employees of the Institute. It manages
various servers which have been installed and
configured in-house by the Computer Section. All the
servers are working on a secure Linux environment and
using the latest Open Source Technology. The different
types of servers being used are DNS, Mail, Web,
Application, etc. The Institute is connected with the
National Knowledge Network through a high-speed 1
Gbps link. For uninterrupted internet connectivity, a
standby internet bandwidth leased line connectivity
link has also been taken. The section has not only
maintained a virus and spyware-free environment by
adopting centralized anti-virus and anti-spyware
solutions but has also been adopting the latest
preventive security measures in this regard.

Apart from the above, the WIHG Computer Section
also:
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Caters to the hardware troubleshooting and
maintenance requirement of the whole Institute and
along with the same, support is also being provided
for the different softwares being used in the
Institute and also for other facilities like data
backup, data retrieval, etc.

Uses the latest networking technologies for
excellent speed and reliability of all the network-
related services which are the need of the hour.

Maintains and upgrades the network as per the
requirement. The network is not limited to the
office but the same has been extended to the WIHG
residential colony, Guest House, WIHG Students
cum transit hostel and has recently been extended
to the remaining staff quarters also so that all
employees and students can have 24x7
connectivity.

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

Maintains 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.

For the optimum utilization of the hardware resources,
Virtualization has been used. Apart from this, extensive
use of open source softwares has been done by the
section on different computers, workstations, and
servers thereby saving considerable financial resources
that may have been spent in purchasing other
commercial paid softwares and solutions.

The Computer Section has been playing a very
important role in all the fields, where IT services are
utilized. It maintains and manages the high-speed fiber
connectivity of the wvarious 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.
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CELEBRATIONS

National Technology Day

National Technology Day was celebrated on May 12,
2023. On this day, the Institute observed an open day by
keeping its Museum and laboratories for students and
the general public. On this occasion, a popular lecture
was delivered by Prof. Annpurna Nautiyal, Vice

National Technology Day lecture by Prof. Annpurna Nautiyal

th

8" International Yoga Day

The 9" International Yoga Day was celebrated on June
21, 2023, in the Institute. Each year, International Yoga
Day centers around a particular theme that highlights a
specific aspect of yoga, emphasizing its significance
and influence on society. The theme for International

Chancellor, H. N. B. Garhwal University, Srinagar, on
the topic “India's G20 Presidency and how technology
can be used for confronting climate change and
education”. A large number of students from different
schools, colleges, the general public, Institute staff, and
invited guests attended the talk.
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Yoga Day 2023 was "Yoga for Vasudhaiva
Kutumbakam”. All the WIHG employees and research
students participated in International Yoga Day under
the directive and guidance of Ms. Pooja Devi, Assistant
Professor Department of Yogic Science, Govt. PG
College Dakpathar, Dehradun.
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Employees and research scholars of the Institutes practicing Yoga on the International Yoga Day

Foundation Day Anil Prakash Joshi, Founder of Himalayan
Environmental Studies and Conservation Organization

The 55" Foundation Day of the Institut lebrated . ;
¢ R - oL © WS CC SOrale (HESCO), was the Chief Guest and he delivered the

in the Institute on June 30, 2023. Padma Bhushan Dr.

Felicitation of the Padma Bhushan Dr. Anil Prakash Joshi during the Foundation Day program
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Foundation Day Lecture on the topic “Economy and
Ecology: Steps together”. The occasion was also
marked by the distribution of awards by the Chief Guest
for the best research paper published by the Institute
scientists as well as to the best workers in the various
categories of the Institute. The 'Best Paper Award' was
given to Dr. Ayushi Baiswar, Dr.Jairam Singh Yadav, Dr.
Kalachand Sain, Dr. Rakesh Bhambri, Dr. Arjun
Pandey, and Dr. Sameer K. Tiwari for their joint paper
on "Emission of greenhouse gases due to anthropogenic
activities: an environmental assessment from paddy rice
fields.” published in Environmental Science and
Pollution Research journal. The 'Best Workers Awards'

for the Institute employees were given to Smt. Shalini
Rawat and Sh. Prateek Negi for the good work carried
out by them during the year.

Independence Day

The Institute celebrated Independence Day on August
15, 2023. On this occasion, Dr. Kalachand Sain,
Director, unfurled the National Flag and delivered a
formal address. To mark the occasion, several sports and
fun competitions as well as a cultural program were
organized for the Institute employees and their family
and prizes were distributed to the winners.

i e F B /'-_-;»\-\ edd

Independent Day-2023 celebration
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Himalaya Diwas

Like previous years, the Institute celebrated
"HIMALAYA DIWAS-2023" on September 09, 2023.
Padma Bhushan Dr. Anil Prakash Joshi, Founder of
Himalayan Environmental Studies and Conservation
Organization (HESCO) was the Chief Guest, and Prof.
(Dr) Durgesh Pant, Director General of Uttarakhand
State Council for Science & Technology (UCOST),

PANEL DISCUSSION -

PANEL ISCLUSSION = 1

CLIMATE CHANGE & HIMA

CLIMATE, CHANGE & HIMALAYAS
CHALLENGES & OPPORTUNITIES

Dehradun was the Guest of Honour in the event. The
event was jointly organized by WIHG, Dehradun with
Himalayan Environmental Studies and Conservation
Organization (HESCO) and Uttarakhand State Council
for Science & Technology (UCOST), Dehradun. There
were panel discussions on two topics: (i) Climate
Change & Himalayas — challenges & opportunities and
(i1) Developing Disaster Resilient Mountain Ecosystem.
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WOUNTAIN ECOSYSTEMS

Moments of Himalaya Diwas

Science of Nature

Wadia Institute of Himalayan Geology, Dehradun
organized a "Science of Nature" program on September
29, 2023. Shri Vishvajit Sahay, Additional Secretary
and Financial Adviser, Department of Science and
Technology (DST), New Delhi was the Chief Guest of

the program. Padma Bhushan Dr. Anil P. Joshi delivered
the overview and background of the "Science of Nature"
program. Professor Durgesh Pant, Director General,
UCOST, Dehradun discussed on “Nature Park Initiative
by Government”. Several expert comments and
suggestions were received from renowned dignitaries
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like Dr. Ram Sharma, Vice-Chancellor, University of Madhu, Director, ICAR-Indian Institute of Soil & Water
Petroleum and Energy Studies (UPES), Dehradun; Dr. Conservation, Dehradun; Dr. Ashish Pandey, IIT
Harender Singh Bisht, Director, IIP, Dehradun; Dr. M. Roorkee.

UCOST
HESCO
- /
3 @

P

O
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Moments during the program “Science of Nature”

Founder's Day October 23, 2023. On this occasion, a floral tribute was
paid by the Institute staff.
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The Institute celebrated its Founder's Day, the 140"
birth anniversary of Prof. D. N. Wadia- (1883-1969), on

Founder's Day Celebration
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Swachhta Abhiyan (Swachhta Hi Seva)

The Institute observed the Swachhta Hi Seva campaign
under the Swachch Bharat Mission at WIHG, Dehradun
in two phases. The first phase was observed during
September 15-30, 2023. In this phase, various activities
were carried out, such as cleaning of rooms,

laboratories, and other workplaces by the Institute
employees.

The second phase was observed during October 02-
31, 2023. In this phase, several activities were
conducted. The employees and researchers of the
Institute observed the program "Shramdaan" for mass
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cleaning activity in the Institute campus on October 01,
2023. On October 02, the employees of the Institute
took a pledge on “Swachhta” before cleaning the
campus and the residential colony of the Institute. The
Institute organized an essay competition on the topic
“Swachhta hi Seva” and a slogan competition on “The
role of Collective cleanliness in the formation of a
developed nation” on October 04, 2023.

An invited talk on the topic “Mahatma Gandhi and
Sociology of Cleanliness; the Role of Cleanliness in
Social Change” was delivered by Dr. Paritosh Singh,
Head, Department of Sociology, DBS College,
Dehradun on October 05, 2023. “Sapling plantation”
was another significant event conducted by the
Employees of the Institute. Another lecture on the topic
“E-waste: Why and How?” was delivered by Dr.
Gautam Rawat, Scientist, where he educated about the
details of e-waste and its disposal.

A “Zero Plastic: Green Campus" Jagruktta rally was
conducted in the office campus and residential colony
of'the Institute as well as in the nearby areas of the GMS
Road, Dehradun. All employees and research scholars
participated in the rally. The “Swachhta hi seva”
Campaign and awareness program were also conducted

in different schools and colleges by the Institute
scientists.

Vigilance Week

Vigilance Awareness Week-2023 was observed at
WIHG Dehradun from October 30—November 05,
2023. In this connection, an Integrity pledge has been
taken by the employees of the Institute followed by a
lecture by Director WIHG on the topic “Corruption and
it's preventive measures” on October 30, 2023. During
November 1-2, 2023, the Wadia Institute of Himalayan
Geology, Dehradun conducted a series of programs in
conjunction with Vigilance Awareness Week (2023).

Scientific and staff, as well as students of the
Institute, took part in a quiz and slogan competition on
vigilance and corruption. On November 3, 2023, Shri
Satya Prakash Sharma, Former Administrative and
Vigilance Officer, Government of Delhi, delivered a
lecture on the Vigilance-2023 theme “Say no to
corruption; commit to the Nation”. Scientists from

WIHG delivered talks on Vigilance Awareness and took
pledges with the faculties and staff of different schools
and colleges.
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Republic Day

The 75th Republic Day was celebrated in the Institute
on 26 January 2024. On this occasion, Dr. Kalachand
Sain, Director, unfurled the National Flag and delivered
a formal address to the Institute employees and research
scholars. To mark the occasion, various sports activities,

National Science Day

The National Science Day was observed on February
28, 2024. The theme of Science Day was “Indigenous
Technologies for Viksit Bharat”. On this day, the WIHG
museum and other laboratories were kept open for the

Republic day celebrati

craft exhibitions, and competitions were organized for
the employees and their children. Prizes were
distributed to the winners of various events. A cultural
event 'Udbhav' was performed mainly by the research
scholars.

. 4

on on January 2024

general public and students of schools and colleges. A
large number of students and teachers visited the
museum and other laboratories. On this occasion, A
Science Quiz Competition was organized for the staff
members and research scholars of the Institute.

CELEBRATIONS
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International Women's Day

International Women's Day is a significant event that is
celebrated globally on March 08, every year. It is a day
to celebrate the social, economic, cultural, and political
achievements of women and to advocate for gender
equality. This significant event was celebrated at
WIHG, Dehradun on March 12, 2024. This year the
theme of the International Women's Day was "Inspire
Inclusion”. The event was started with a welcome
address by Dr. Kalachand Sain, Director of WIHG
Dehradun. He motivated all the women employees

Hqfasrer weer

during his welcome address. Padma Shri Smt. Basanti
Bisht was the chief guest on the occasion. She delivered
a talk on the situation of women in remote areas and
villages. She emphasized how to overcome the
struggles faced by women in day-to-day life. Her words
of wisdom were thought-provoking, truly inspiring, and
highly benefitted the scientists, researchers, and staff of
the Institute. Some of the scientists of the Institute also
delivered lectures on various topics making the event
successful.

Moments of the International Woman Day
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DISTINGUISHED VISITORS TO THE INSTITUTE

1.  Prof. Annpurna Nautiyal, Vice Chancellor, H. N.
B. Garhwal University, Srinagar

2. Shri Satya Prakash Sharma, Ex-Administrator and
Academic Advisor, Government of Delhi

3. Lt Gen VK Mishra, Commandant of the Indian
Military Academy (IMA)

4. Prof. (Dr.)) Durgesh Pant, Director General,
UCOST, Dehradun

5.

6.

7.

8.

Padma Bhushan Dr. Anil Prakash Joshi, Founder-
HESCO

Dr. Harender Singh Bisht, Director, Indian
Institute of Petroleum, Dehradun

Shri Vishvajit Sahay, Additional Secretary &
Financial Adviser, DST, Gol

Prof. T. N. Singh, Director, IIT Patna
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STATUS OF IMPLEMENTATION OF HINDI

The WIHG strictly adheres to & complies with the
policy and guidelines as formulated by the Rajbhasha
Vibhag, Home Ministry, Gol and regularly submits its
quarterly, half-yearly& annual progress reports to
Rajbhasha Vibhag and DST. The Institute also submits
its half-yearly and annual progress reports to
NARAKAS, Dehradun in the desired formats. The
Official Language Implementation Committee (OLIC)
under the chairmanship of the 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 the progressive use of Official Language in the
office. The committee takes cognizance of the progress
in the Hindi implementation through its regularly
organized quarterly meetings.

The Official Language Implementation Committee
of WIHG regularly organizes quarterly workshops to
promote the use of the Official Language through the
organization of interactive lecture series of prominent
Speakers/Scientists & also through various Hindi
typing workshops.

The Institute under the banner of OLIC organized
Hindi Pakhwara from 14 Sep to 29 September 2023 in
the Institute. This year's opening ceremony of the Hindi
Pakhwara was organized in Pune on 14 September 2023
atan All India Level as per the directives from Rajbhasa
Vibhag, Home Ministry. The representatives from the
Institute attended the opening event held in Pune.

Thereafter various competitions/events were
organized in the Institute from September 15, 2023,
onwards.First, the Invited Lecture by Dr. Chandra
Mohan Nautiyal, retired-Scientist BSIP, Lucknow was

organized. Thereafter essay & slogan writing
competitions were also organized for the school
students & Institute's employees. During the Pakhwara
many renowned personalities & well-known speakers
of Dehradun i.e. Padma Shri Smt. Basanti Bisht; Smt
Shanti Amoli Binjola & Sh. Devendra Mewari Jee was
invited for their talks on the issues of cultural & social
importance in the Institute. The institute's employees
also delivered popular talks on various science-related
topics. Various other competitions like photography
competitions, story competitions, antyakshri,etc. were
also organized during the duration of Hindi Pakhwara.

In the closing ceremony of the Pakhwara, Dr.
Harendra Singh Bisht, Director, [IP-Dehradun was the
chief guest of the closing ceremony of the Pakhwara. In
his remark, he emphasized the role of the official
language in the dissemination of scientific knowledge
in a very lucid manner. The Pakhwara Celebrations
concluded after prize distribution from the chief guest.

This year we published the 28" issue of the Annual
Hindi Magazine “Ashmika”. Authors from various
organizations, scholars, and employees of the Institute
contributed their articles pertaining to various
disciplines of science, literature, poetry, stories &
philosophy in the magazine. The articles published in
the magazines are very informative and well-
appreciated by the readers. It is attempted to receive
many more popular science articles in Hindi. Due to the
extensive & collaborative works of the editorial board
of Ashmika, this edition of “Ashmika 2023 received
third prize amongst all Al's of DST in the First All India
Scientific & Technical Official Language Symposium
held at ARCI, Hyderabad under the patronage of DST,
Gol.
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MISCELLANEOUS ITEMS

Reservation/Concessions for SC/ST employees

The government's orders on reservations for
SC/ST/ OBCs are followed in recruitment to posts
in various categories.

Monitoring of personnel matters

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

Mechanism for redressal of grievances

The Grievance Redressal Committee (GRC)
consisting of five Seniors Scientists/officers, is
operational in this Institute. During the reporting
period, a total of four grievances were received.
Two of them were related to recruitment, one was
related to harassment, and the other one was related
to Natural Disasters. Among the four grievances,
three were received from the DST portal (DOSAT)
and the other one was received through the Prime
Minister's Office (PMO). The grievances of the
applicants against the post advertised, selection,
harassment, and natural disaster were resolved and
disposed of by looking into the relevant documents.

Welfare measures

The Institute has various welfare measures for the
benefit of its employees. Various advances like
House Building Advance, Conveyance Advance,
Festival Advance, etc. are given to the employees.
There is a salary Earner's Cooperative Society 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.

Mechanism for redressal of complaints of sexual
harassment of women employees at workplaces

An Internal Complaints Committee (ICC) was
constituted to safeguard the women employees and

to enquire into the complaints of sexual harassment
of women employees at workplaces in the Institute.
The Committee consists of one presiding officer
from outside the Institute and four members from
the Institute. As far as ICC is concerned, one case is

sub-judice and another is continuing.

6. Status of Vigilance Cases
No vigilance case is pending in the year 2023-2024.
7. Information on the RTI cases
The details of information on the RTI cases during
the year 2023-24 are as under:
Details  |Opening|Received| Number of | Decisions| Decisions
balance | during cases where where
as on | the year | transferred | requests/| requests/
01.04. | 2023- to other appeals | appeals
2023 2024 public were were
authorities | rejected | accepted
Requests 02 38 0 0 0
for (All disposed
information off)
First 1 7 0 7 0
appeals

8. Sanctioned Staff strength (category wise)

Group/ (Scientific| Technical| Administ- | Ancillary | Total
Category rative
A 60 1 - 61
B - 2 14 - 16
C - 52 22 35 109
Total 60 54 37 35 186

9. Sanctioned and released budget grant for the

year 2023-2024

Plan Rs. 4456.00 Lakhs
Non- Plan NIL
Total Rs. 4456.00 Lakhs

MISCELLANEOUS ITEMS
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STAFF OF THE INSTITUTE

Scientific Staff:
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33.
34.
35.
36.
37.
38.
39.
40.
41.

Dr. Kalachand Sain
Dr. Vikram Gupta
Dr. Ajay Paul

Dr. R.Jayangondaperumal
Dr. A.K.Singh

Dr. K.S. Luirei

Dr. (Mrs) Kapesa Lokho
Dr. R.K. Sehgal

Dr. Santosh Kumar Rai

. Dr. Jayendra Singh
. Dr. B.K. Mukherjee
. Dr. Naresh Kumar
. Dr. Gautam Rawat
. Dr. Devajit Hazarika
. Dr. Kaushik Sen
. Dr. Satyajeet Singh Thakur
. Dr. Narendra Kumar Meena
. Dr. Param Kirti Rao Gautam
. Dr. Dilip Kumar Yadav
. Dr. Manish Mehta
. Dr. Rajesh S.
. Dr. (Mrs) Swapnamita

Choudhuri

. Dr. Vikas

. Dr. Som Dutt

. Dr. Anil Kumar

. Sh. Saurabh Singhal
. Dr. Narendra Kumar
. Dr. Parveen Kumar

. Dr. Vinit Kumar

. Dr. Aditya Kharya
. Dr. (Ms) Suman Lata

Srivastava

. Dr. (Mrs) Chhavi Pant

Pandey

Dr. Sameer Kumar Tiwari
Dr. Paramjeet Singh

Dr. Sudipta Sarkar

Dr. Pinkey Bisht

Dr. Rakesh Bhambari

Dr. Amit Kumar

Dr. C. Perumalsamy

Dr. Pratap Chandra Sethy
Dr. Hiredya Chauhan

Director

Scientist 'G' (On lien)
Scientist 'F'

(Retired on 30.09.2023)
Scientist 'F'
Scientist 'F' (On lien)
Scientist 'F'
Scientist 'F'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'E'
Scientist 'D'
Scientist 'D'

Scientist 'D'
Scientist 'D'
Scientist 'D'
Scientist 'D'
Scientist 'D'
Scientist 'D'
Scientist 'D'
(On lien)

Scientist 'D'
Scientist 'D'

Scientist 'D'

Scientist 'D'
Scientist 'C'
Scientist 'C'
Scientist 'C'
Scientist 'C'
Scientist 'C'
Scientist 'C'
Scientist 'C'
Scientist 'C'

42.
43.
44.
45.

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

Dr. Vandana

Dr. Rouf Ahmad Sah

Dr. Pankaj Chauhan

Dr. Priyadarshi Chinmoy
Kumar

Dr. M. Prakasam

Scientist 'C'
Scientist 'C'
Scientist 'C'
Scientist 'C'

Scientist 'B'

Dr. Mutum Rajnikanta Singh Scientist 'B'

Dr. Chinmay Haldar

Dr. Subhojit Saha

Dr. Jairam Singh Yadav
Dr. Subham Bose

Dr. Naveen Chandra

Dr. N. Premjit Singh

Dr. Tariq Anwar Ansari
Dr. Bappa Mukherjee

Dr. Rajeeb Lochan Mishra

Scientist 'B'
Scientist 'B'
Scientist 'B'
Scientist 'B'
Scientist 'B'
Scientist 'B'
Scientist 'B'
Scientist 'B'
Scientist 'B'

Dr. Mahesh Ramrao Kapawar Scientist 'B'

Dr. Kunda Badhe
Dr. Jitender Kumar
Dr. Pramod Kumar Rajak

Technical Staff

2 €9 5 ©N B eSS N

Shri Sanjeev Kumar Dabral

Shri Rakesh Kumar
Shri N.K. Juyal

Shri C.B. Sharma

Shri T.K. Ahuja

Shri S.S. Bhandari

Shri Rambir Kaushik
Shri Bharat Singh Rana
Shri Gyan Prakash

. Dr. Balram

. Shri R.M. Sharma

. Mrs. Sarita

. Shri Rakesh Kumar
. Mrs. Sakshi Maurya

Chaudhary

Mrs. Disha Vishnoi
Shri Vipin Chauhan
Shri Deepak Kumar

. Shri Akash Khati

Shri Pramod Kumar

. Shri Rahul Lodh
. Shri Nain Das

. Shri Prateek Negi

Scientist 'B'
Scientist 'B'
Scientist 'B'

Sr. Technical Officer
Sr. Technical Officer
Sr. Technical Officer
Executive Engineer
Technical Officer
Technical Officer
Technical Officer
Technical Officer
Asstt. Pub. & Doc.
Officer

Librarian

Sr. Lab. Technician
Sr. Tech. Assistant
Sr. Tech. Assistant
Sr. Tech. Assistant

Sr. Tech. Assistant
Technical Assistant
Technical Assistant
Technical Assistant
Technical Assistant
Lab Assistant

Lab Assistant
(Retired on 31.03.2024)
Artist-cum-Modeller



23.
24.
25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.

Shri Nand Ram

Shri Tarun Jain

Shri Pankaj Semwal

Shri Anil Singh

Shri Santu Das

Shri Puneet Kumar

Shri Amit Bhandari

Shri Hari Singh Chauhan
Shri Ravi Lal

Shri Preetam Singh

Shri Sanjeev Kumar

Shri Deepak Tiwari

Shri Ajay Kumar Upadhaya
Ms. Sangeeta Bora

Mrs. Anjali

Shri Ajay Kumar

Shri Vipin Kumar Aditya
Shri Nitesh Kumar

Shri Abhishek Kumar
Shri Sandeep Singh

Shri Ajit Kumar

Shri Narender Manral
Shri Aakash Sharma

Shri Ashish Singh

Shri Aakash Saini

Administrative Staff

1.
2.
3.

)

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Shri Pankaj Kumar Verma
Shri S.K. Srivastava
Shri Manas Kumar Biswas

Shri Rahul Sharma

Mrs. Prabha Kharbanda

Shri Ankit Rawat

Mrs. Rajvinder Kaur Nagpal

Mrs. Shalini Rawat

Mrs. Neelam Chabak

Mrs. Seema Juyal

Mrs. Suman Nanda

Shri Kulwant Singh Manral
Shri Yashpal Singh Bisht
Shri Vijai Ram Bhatt

Shri Girish Chander Singh
Shri Rajeev Yadav

Shri Amardeep Kumar
Shri Dhanveer Singh
Mrs. Megha Sharma

Annual Report 2023-24

Elect/cum/Pump.Optr.
Draftsman
Draftsman
Draftsman

Section Cutter
Section Cutter
Junior Photographer
F.C.L.A.

F.C.L.A.

(Retired on 31.03.2024)
F.C.L.A.

F.C.L.A.

F.C.LA.

F.C.L.A.

F.C.L.A.

F.C.L.A.

F.C.L.A.

F.C.L.A.

F.C.L.A.

F.C.L.A.

F.C.L.A.

F.C.L.A.

Field Attendant
Field Attendant
Field Attendant
Field Attendant

Registrar

Admin. Officer

Store & Purchase
Officer

Asstt. Fin. & Acc.
Officer

Accountant

(Retired on 31.01.2024)
Sr. Personal Asstt.
Stenographer, Gr. 11
(Retired on 31.08.2023)
Stenographer, Gr. 11
Assistant

Assistant

Assistant

Assistant

Jr. Hindi Translator
Upper Division Clerk
Upper Division Clerk
Upper Division Clerk
Upper Division Clerk
Upper Division Clerk
Upper Division Clerk

20. Mrs. Surbhi Upper Division Clerk
21. Shri Deepak Jakhmola Upper Division Clerk
22. Shri Dinesh Kumar Singh ~ Upper Division Clerk
23. Mrs. Rachna Upper Division Clerk
24. Mrs. Richa Kukreja Stenographer, Gr. 111
25. Mrs. Pushpa Barthwal Lower Division Clerk
26. Shri Amit Kumar Lower Division Clerk
27. Shri Pintu Kumar Lower Division Clerk
28. Shri Naved Khan Lower Division Clerk
29. Shri Vishesh Kumar Gautam Lower Division Clerk
30. Ms. Saba Lower Division Clerk
31. Shri Manjeet Rana Lower Division Clerk
Ancillary Staff
1. Shri Manmohan Driver
2. Shri Vikkee Tomar Driver
3. Shri Bhupendra Kumar Driver
4. Shri Rajesh Yadav Driver
5. Shri Pradeep Shah Driver
6. Mrs. Deveshawari Rawat ~ M.T.S.
(Retired on 30.09.2023)

7. Shri S.K. Gupta M.T.S.
8. Shri Surendra Singh M.T.S.
9. Shri Satya Narayan M.T.S.
10. Shri Rohlu Ram M.T.S.
11. Shri H.S. Manral M.T.S.
12. Shri G.D. Sharma M.T.S.
13. Shri Dinesh Parsad Saklani M.T.S.
14. Shri Pritam M.T.S.
15. Shri Ramesh Chand Rana ~ M.T.S.
16. Shri Ashish Rana M.T.S.
17. Shri Sunil Kumar M.T.S.
18. Shri Harish Kumar Verma  M.T.S.
19. Shri Kamlesh Singh M.T.S.
20. Shri Rajkiran Singh M.T.S.
21. Shri Abdul Basit M.T.S.
22. Shri Yogender Saklani M.T.S.
23. Ms. Deepti Pandey M.T.S.
24. Mrs. Sakshi Chauhan M.T.S.
Contractual Staff
1. Shri Rezaw Uddin Driver

Chaudhary
2. Sh. Vijay Singh Driver
3. Shri Rudra Chettri M.T.S.
4. Shri Laxman Singh Bhandari M.T.S.
5. Shri Kalidas M.T.S.
6. Shri Ummed Singh M.T.S.
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MEMBERS OF THE GOVERNING BODY/RESEARCH ADVISORY

COMMITTEE/FINANCE COMMITTEE/BUILDING COMMITTEE

Governing Body

Name

Address

Status

Prof. Talat Ahmad

Vice-Chancellor,
University of Kashmir Hazratbal,
Srinagar, Jammu & Kashmir-190006

Chairman

Dr. Srivari Chandrasekhar

Secretary to the Government of India
Department of Science and Technology,
Technology Bhawan, New Mehrauli Road,
New Delhi- 110 016

Member

Prof. Shakil Ahmad Romshoo

Vice-Chancellor,

Islamic University of Science & Technology,
1-University Avenue, Awantipora, Pulwama
Jammu and Kashmir-192122

Member

Shri Vishvajit Sahay

Additional Secretary & Financial Adviser,
Department of Science & Technology,
Technology Bhawan, New Mehrauli Road,
New Delhi-110016

Member

Dr. O.P. Mishra

Scientist 'G',

Ministry of Earth Sciences, Government of India,
Prithvi Bhavan, Opp. India Habitat Centre,

Lodhi Road, New Delhi- 110003

Member

Prof. M. Jayananda

Head, Centre for Earth and Space Sciences,
University of Hyderabad

P.O. Central University, Gachibowli,
Hyderabad-500 046 (Telangana)

Member

Prof. Pulak Sengupta

Professor, Department of Geological Sciences
Jadavpur University,

188, Raja Subodh Chandra Mallick Road,
Poddar Nagar, Jadavpur, Kolkata-700032,WB

Member

Prof. N.V. Chalapathi Rao

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

Member

Prof. Anupam Chattopadhyay

Department of Geology
34 Chhatru Marg, University of Delhi
(North Campus) Delhi-110007

Member
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COMMITTEE/FINANCE COMMITTEE/BUILDING COMMITTEE

10.

Prof. Saibal Gupta

Professor & Head, Deptt. of Geology & Geophysics,
Indian Institute of Technology, Kharagpur
Kharagpur -721302, WB

Member

11.

Prof. S.C. Patel

Professor, Department of Earth Sciences
Indian Institute of Technology-Bombay
Powai, Mumbai-400076, Maharashtra

Member

12.

Dr. Kalachand Sain

Director,
Wadia Institute of Himalayan Geology,
Dehradun-248001

Member
Secretary

13.

Sh. Pankaj Kumar Verma

Registrar,
Wadia Institute of Himalayan Geology,
Dehradun- 248001

Non-Member
Asstt. Secretary

126
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SL

Name

Address

Status

L.

Dr. Shailesh Nayak

Director,
National Institute of Advanced Studies,
Indian Institute of Science campus, Bengaluru -560012

Chairman

Prof. T. N. Singh

Director,
Indian Institute of Technology,
Patna, Bihta, Patna-801106 (Bihar)

Member

Prof. D.C. Srivastava

Emeritus Professor,

Department of Earth Sciences,

Indian Institute of Technology-Roorkee,
Roorkee-247667, Uttarakhand

Member

Shri Rajesh Kumar Srivastava

Director,

Oil and Natural Gas Corporation Limited,
5, Nelson Mendela Road, Vasant Kunj,
New Delhi-110070

Member

Dr. Rasik Ravindra

608, Lalleshwari Apart Sector 21D,
Faridabad-121001

Member

Prof. Rajesh K. Srivastava

Professor & Former Head,
Department of Geology,Banaras Hindu University,
Varanasi- 221005, UP

Member

Dr. Binita Phartiyal

Scientist 'E'
Birbal Sahni Institute of Palacoscience,
53, University Road, Lucknow- 226007, UP

Member

Dr. Prakash Chauhan

Director,
Indian Institute of Remote Sensing,
4, Kalidas Road, Dehradun- 248001, Uttarakhand

Member

Dr. O.P. Mishra

Scientist 'G' and Head, NCS,

Ministry of Earth Sciences, Government of India,
Prithvi Bhavan, Opp. India Habitat Centre,

Lodhi Road, New Delhi-110003

Member

10.

Dr. Prasun Jana

Deputy Director General,
Geological Survey of India,
Dehradun-248001

Member

11.

Prof. Kusala Rajendran

Centre of Earth Sciences,
Indian Institute of Science, Bengaluru-560012

Member

12.

Prof. L.S. Chamyal

Head, Department of Geology, Faculty of Science,
The M.S. University of Baroda
Vadodara-390002, Gujarat

Member

13.

Prof. Santanu Banerjee

Department of Earth Sciences
Indian Institute of Technology-Bombay
Powai, Mumbai-400076, Maharashtra

Member

14.

Dr. V. Balaram

Scientist 'G' (Retd.), SCIR-NGRI, Hyderabad,
Consultant IUAC, Delhi

Member

15.

Prof. Devesh K. Sinha

Oceanography and Marine Geology,
Department of Geology,
Delhi University, Delhi- 110007

Member

16.

Prof. Saibal Gupta

Professor & Head,

Department of Geology & Geophysics,
Indian Institute of Technology-Kharagpur
Kharagpur-721302, West Bengal

Member

17.

Dr. Kalachand Sain

Director,

Wadia Institute of Himalayan Geology, Dehradun- 248001

Member

18.

Dr. R. Jayangondaperumal

Scientist 'F',

Wadia Institute of Himalayan Geology, Dehradun- 248001

Member
Secretary

>~
&
Q
N
ot
>
a
<
s
o
=~
<
=
:
>
a
Q
=]
O
4
=
>
Q
&
<3|
o=
[
e
=)
N
&
=
=]
=
=
=

COMMITTEE/FINANCE COMMITTEE/BUILDING COMMITTEE




Annual Report 2023-24

Finance Committee
SI1. | Name Address Status

1. | Shri Vishvajit Sahay Additional Secretary & Financial Adviser Chairman
Department of Science & Technology, Technology
Bhavan, New Mehrauli Road, New Delhi- 110 016

2. | Prof. Anupam Chattopadhyay Department of Geology, Member
34 Chhatra Marg, University of Delhi (North Campus)
Delhi- 110 007

3. | Dr. Kalachand Sain Director, Member
Wadia Institute of Himalayan Geology, Dehradun-248001

4. [ Shri Pankaj Kumar Verma Registrar, Member
Wadia Institute of Himalayan Geology, Dehradun-248 001
5. | Shri Rahul Sharma Assistant Finance & Accounts Officer, Member

Wadia Institute of Himalayan Geology, Dehradun 248 001 Secretary

Building Committee

SIl. | Name Address Status

1. | Dr. Kalachand Sain Director, Chairman
Wadia Institute of Himalayan Geology, Dehradun-248001

2. | Shri Vishvajit Sahay or Additional Secretary & Financial Adviser Member
his nominee Department of Science & Technology
Technology Bhavan, New Mehrauli Road,
New Delhi-110016

3. | Representative of Survey of India| Hathibarkala, Dehradun Member

4. | Chief Engineer or CPWD, Dehradun- 248001 Member
his/ her nominee

5. | Sh. Ashish Kumar Singh SE (Civil), Tel Bhawan, Member

Oil & Natural Gas Corporation, Dehradun-248001

6. |Dr. R. Jayangondaperumal Scientist-'F", Member
Wadia Institute of Himalayan Geology, Dehradun-248001

7. | Sh. Rajesh Kumar Sr. Principal Scientist, Head ASD, Member
CSIR- Indian Institute of Petroleum
Haridwar Road, Dehradun-248005

8. | Sh. Pankaj Kumar Verma Registrar, Member
Wadia Institute of Himalayan Geology, Dehradun-248001
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9. | Shri C.B. Sharma Executive Engineer, Member
Wadia Institute of Himalayan Geology, Dehradun-248001 Secretary




Annual Report 2023-24

STATEMENT
OF
ACCOUNTS

AUDITOR'S REPORT

129







Annual Report 2023-24

KRA & Co.

CHARTERED ACCOUNTANTS

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#,
2024 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 that give a true
and fair view and are free from material misstatement, whether due to fraud or error.

T

OQur responsibility is to express an opinion on these financial statements based on our audit. We
conducted our audit 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

AUDITOR'S REPORT

material misstaterment.

An audit involves performing procedures to obtain 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 misstatement of the financial statements, whether due
to fraud or error. In making those risk assessments, the auditor considers internal control relevant to
the Society’s preparation and fair presentation of the financial statements in order to design audit
procedures that are appropriate in the circumstances. An audit also includes evaluating the

appropriateness of accounting policies used and the reasonableness of the accounting estimates made

by management, as well as evaluating the overall presentation of the financial statements.

: Floor, Shri Raj Complex, Opp. Nagri Bus Stand, Kathua (J&K) 184 101 Visit us at : www.kra.co.in
Phone : 01922-233567, 236667, 236767 * Fax : 01922-236767 » E-mail : ajay.kraindia@gmail.com
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We believe that the audit evidence we have obtained 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 Society as at March 31¢,
2024;

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

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

FOR KRA & CO
- CHARTERED ACCOUNTANTS
&
o
-5 —_
= CA AJAY KUMAR ,
=4
” FCA
I FRN: 020266N
S M.NO: 503015
e
a
=)
<

Date: 2nd Aug, 2024
Place: Dehradun
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Action Taken Report on observations of the Chartered Accountant- Annexure-1 to the
Consolidated Financial Statement of Audit Report (F.Y. 2023-24)

N

SL

No.

Comments/Observations by Chartered
Accountants

Replies and Action taken by the Institute

It was observed that there were long outstanding
balance in Earmarked / Endowment Fund. The
management is suggested to settle the balances with
the concerned ministry/department.

Most of the balance have been reconciled with
funding agencies and balances will be settled in due
course.

During the audit it was observed that in few cases
field contingency expenditure incurred by
employees during the field visit are made in non-
digital form. It is suggested to make payments in
digital form so to ensure the transparency in the
transaction.

The necessary instructions will be issued in this
regards and compliance of the audit observation
will be shown in the next audit.

ad

The actuary valuation has not been obtained by the
[nstitute to book the Liability on accounts of
Retirement Benefit.

Noted for future compliance.

It was observed that the institute has not opened
bank account with State Bank of India as required
by the provisions of FCRA account. Hence, all the
transactions and returns pertaining to FCRA are
pending.

Noted for strict compliance. It is to be intimated
that there has been no foreign transaction during the
period under Audit,

The physical verification of Fixed Assets and
Library for the financial year 2023-24 has not been
undertaken. The reason for not complying with the
rule laid down in GFR regarding physical
verification of Assets may be specified.

Physical verification for the year 2022-23 has
already been completed. Action with regard to the
physical verification for the year 2023-2024 is in
progress and report will be submitted to the next

FORKRA &CO
CHARTERED ACCOUNTANTS

audit.
e

arma)
(0

e
(Dr. Kalachand Sain)
Director
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY, DEHRADUN

BALANCE SHEET

(AS AT 31st MARCH 2024 )
(Amtin Rs...)
PARTICULARS SCHEDULE CURRENT PREVIOUS
YEAR YEAR

LIABILITIES
Corpus/ Capital Fund 1 80,28.,25,623 68,39.86,424
Reserves and Surplus 2 - -
Earmaked/ Endowment Fund 3 33,96,395 32,07,880
Secured Loans & Borrowings 4 - L
Unsecured Loans & Borrowings 5 - -
Deferred Credit Liabilities 6 - -
Current Liabilities & Provisions 7 76,53,632 13,01,49,469

TOTAL 81,38,75,650 81,73,43,773
ASSETS
Fixed Assets 8 37.96,98,636 39.49,12,712
Investments from Earmaked/ - -
Endowment Funds 9 1.16,089 1,09,706
Investment- Others 10 - -
Current Assets, Loans & Advances 11 43,40,60,925 42,23,21,355

TOTAL 81,38,75,650 81,73,43,773
Significant Accounting Policies 37
Contingent Liabilities and Notes on Accounts 38

AUDITOR'S REPORT
"As per our separate report of even date”
FOR KRA & CO.
CHARTERED ACCOUNTANTS

\
=
(sz. E:;LRMA)

¥

CA AJAY KUMAR
(F.C.A)

Q of

(PANKAJ KUMAR VERMA)

(PR KALACHAND SAIN)

AO Registrar Director
Date : 2nd August, 2024
- Place : Dehradun
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY. DEHRADUN

INCOME & EXPENDITURE ACCOUNT
FOR THE PERIOD ENDED 31st MARCH 2024

— ey

(Amt in Rs...)
S.NO. PARTICULARS SCH. | CURRENT PREVIOUS
YEAR YEAR
A | INCOME
Income from sales/ services 12 - .-
Grants/ Subsidies 13 45,95,28.063 39,09,62,940
Fees/Subscription 14 - C -
[ncome from Investments 15 11,31,316 9,79.376
Income from Royalty, Publication etc. 16 1.45,430 1,16,540
Interest earned 17 1,27,78,059 1.13,84,114
Other Income 18 1,05,47,054 80.86,162
Increase/ Decrease in Stock (Goods & WIP) 19 - -
TOTAL (A) 48.41,29,922 41,15,29,133
B | EXPENDITURE
Establishment Expenses 20 23.22,66,228 45,94,51,879
Other Research & Administrative Expenses 21 8.,25,63,317 9,58,83,522
Grant Refunded 22 22,55,347.00 -
Interest/ Bank Charges 23 43.39,776 44.49.113
Depreciation Account 8 6,63,30,606 6,66,53,157
Increase/ Decrease in stock of
Finished goods, WIP& Stock of Publication A-2 (33,757) (40,466)
(Profit)/ Loss on sale of Assets 36 - 14,45,341
TOTAL (B) 38,77,21,517 62,78,42,546
Surplus/ (Deficit) being excess of Income
over Expenditure ( A - B) 9.64,08.,405 (21,63,13,413)
Transfer to Special Reserve ( Specify each) - -
Transfer to / from General Reserve - -
SURPLUS /(DEFICIT) CARRIED TO
CAPITAL FUND 9,64,08,405 (21,63,13,413)
AUDITOR'S REPORT
"As per our separate report of even date"
FOR KRA & CO.
CHARTERED ACCQUNTANTS 8283
b4
CA AJAY KUMAR LA
: (F.C,A) "
‘Q Lle-‘dA W“"
e (’/”j\/
(RAHU ARMA) (PANKAJ K AR VERMA) (DRKALACHAND SAIN)
A0 Registrar Director

Date : 2nd August, 2024
Place: Dehradun

N
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY. DEHRA DUN

RECEIPTS & PAYMENTS ACCOUNT
(FOR THE YEAR ENDED 31st MARCH 2024)

|

(AmtinRs...)
PARTICULARS SCH. CURRENT PREVIOUS
YEAR YEAR
RECEIPTS
Opening Balance 24 21,79,83,393 31,55,09,620
Grants - in - Aids 26 51,51,28,063 45,09,62,940
Grants - in - Aids/Other Receipts (Ear Marked) 27 1.11,91,761 12,00.000
Loan & Advances 28 22.12,38,342 41,63,48.510
Loan & Advances (Ear Marked) 31 - -
Fees/Subscription 14 - -
Income from Investments 15 11,31,316 9.79.376
Income from Royalty, Publication etc. 16 1.45,430 1,16,540
[nterest earned 17 | 1,27,78,059 1.39,86,021
Other Income 18 1,05,47,054 80,86,162
Investment (L/C Margin Money) 34 - =
TOTAL 99,01,43,419 1,20,71,89,170
PAYMENTS
Establishment Expenses 20 23,22,66,228 45,94,51,879
Other Administrative Expenses 21 8,25,63,317 9,58,83,522
Grant Refunded 22 1,60,83,800 -
Interest/ Bank Charges 23 43,39.776 44 49,113
Loans & Advances 29 36.67,19.661 .. 32,82,23,028
Loans & Advances (Ear Marked) 32 6,383 -
Investment (L/C Margin Money) 35 - -
Fixed Assets 36 5,11.16,530 10,03,80,058
Ear Marked Fund Expenses 33 1,10,03,246 8.18.177
Grant - in - Aid (Ear Marked) Refunded 30 - B
Closing Balance 25 22,60.44.479 21,79.83,393
TOTAL 99,01,43,419 1,20,71,89,170
AUDITOR'S REPORT

"As per our separate report of even date"

FOR KRA & CO.
CHARTERED ACCO

ANTS
CA AJAY KU
(F.C.A)
s 4
Rm"-

(PANKAJ KUMAR VERMA)
Registrar

Date : 2nd August, 2024
Place: Dehradun

e

(DR. KALACHAND SAIN)
Director
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY,
33, GMS ROAD DEHRADUN

SCHEDULE FORMING PART OF ACCOUNTS FOR THE YEAR ENDED 315T MARCH. 2024

SCHEDULE —37: SIGNIFICANT ACCOUNTING POLICIES

1. ACOUNTING CONVENTION

The financial statements are prepared on the basis of historical cost convention,
unless otherwise stated and on the cash method of accounting except interest accrued
on fixed deposit.

2. INVESTMENTS
Investments classifieds as “long term investments™ are carried at cost.
3. FIXED ASSETS

a) Fixed Assets are stated at net book value as 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.

b) Additions to fixed assets are taken at cost of acquisition, inclusive of freight,
duties and taxes, incidental and direct expenses related to acquisition.

AUDITOR'S REPORT

4. 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
accumulated depreciation on the asset upto the date of deletion is deducted
from accumulated depreciation of the respective block.

¢) In respect of addition to/ deduction from fixed assets during the year,
depreciation is considered on full yearly basis.
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY,
33. GMS ROAD DEHRADUN

5. MISCELLANEOUS EXPENDITURE

Deferred revenue expenditure, if any, will be written off over a period of 5 years
from the year it is incurred.

6. ACCOUNTING FOR SALES & SERVICES

The consultancy services provided by the institute is accounted for on net service
basis.

7. GOVERNMENT GRANTS / SUBSIDIES

a) Government grants of the nature of contribution towards Capital Cost are
directly credited to Corpus Fund and Other Revenue cost are transferred to
Income & Expenditure account and the surplus or deficit after deducting all
the expenses is transferred to Capital / Corpus fund.

b) Grants towards Earmarked / Endowment Funds are directly transferred to the
respective fund account.

¢) Government grants / subsidy are accounted on realization basis.

Qe

(Pankaj Kumar Verma) (Dr Kalachand Sam)
Registrar Director

Date : 2" August, 2024
Place: Dehradun
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY,
33 GMS ROAD, DEHRADUN

SCHEDULE FORMING PART OF ACCOUNTS FOR THE YEAR ENDED 315" MARCH, 2024

SCHEDULE — 38: CONTINGENT LIABILITIES AND NOTES ON ACCOUNTS

CONTINGENT LIABILITIES
(Amount in Rs.)
a) | Claims against the Entity not acknowledged as debts - Nil -
b) | In respect of
i) | Bank Guarantees given by /on behalf of the Entity - Nil -
ii) | Letter of credit opened by Bank on behalf of the entity -Nil-
iii) | Bills discounted with banks - Nil -
¢) | Disputed demands in respect of
i) | Income —tax (TDS) - Nil -
ii) | Sales tax - Nil -
iif) | Municipal Taxes - Nil -
d) | In respect of claims from parties for non-execution of orders, but Nl -
contested by the Entity
CAPITAL COMMITMENTS

Estimated Value of contracts remaining to be executed on capital account and not provided
for (net of advances)

a) | Construction of Building - Nil -
b) | Other Assets -Nil - )
LEASE OBLIGATIONS

Future obligations for rentals under finance lease arrangements for plant and | Nil -

machinery amount to Rs. Nil

CURRENTS ASSETS, LOANS AND ADVANCES

In the opinion of the Institute, the current assets, loans and advances have a value on realization in the
ordinary course of business, equal at least to the aggregate amount shown in the Balance Sheet.
TAXATION

In view of there being no taxable income of the Institute under income tax Act, 1961, no provision for
Income Tax has been considered necessary

N

AUDITOR'S REPORT
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY,

33 GMS ROAD, DEHRADUN

6. FOREIGN CURRENCY TRANSACTIONS

a) | Value of Imports Calculated on C.LF basis:
i} | Purchase of finished goods - Nil -
ii) | Raw Materials & Components ( including in transit) - Nil -
iii) | Capital goods - Nil -
iv) | Stores, Spares and Consumables - Nil -
| b) | Expenditure in foreign currency
i) | Travel (for attending Seminar/Conference abroad) - Nil -
il} | Remittances and Interest payment to Financial Institutions = Nil -
/ Banks in Foreign Currency
iif) | Other expenditure
Commission on Sales - Nil -
Legal and Professional Expenses - Nil -
Miscellaneous Expenses - Nil -
c) | Earnings
i) | Value of Exports on FOB basis - Nil -
ii) | Grants for Projects - Nil -
7. The payments to auditors during the F.Y. 2023 -24 is as follows:
Remuneration to auditors
i) | As Auditors 1,97,650/-
Taxation matters - Nil -
For Management Services - Nil -
For Certification - Nil -
ii) | Others - Nil -

8. Separate Financial Statements have been prepared for:

a) Wadia Institute of Himalayan Geology.

b) Contributory/ General Provident Fund.

c¢) Pension Fund.

d) Consolidated financial statement of projects sponsored by other Agencies.
e) Individual financial statements of Projects sponsored by other agencies.

9. Corresponding figures for the previous year have been regrouped / rearranged. wherever necessary.

10. Annexed Schgdules & Annexures are an integral part of the Balance Sheet as on 31* March, 2024,
Income and enditure Account and Receipt & Payment for the year ended on 3 1st March, 2024.

i

(Pankaj Kumar Verma) (Dr. Kalachand Sain)
AF. &RO Registrar Director

Date: 2™ Adgust, 2024
Place: Dehradun
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Registration form for Life Time Subscriber membership
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The Life Time subscription fee with online payment details/Draft/Cheque in favour of Director, Wadia
Institute of Himalayan Geology is enclosed herewith for the following:

Type of subscription (Tick [v'] which is applicable): |:| Print copy |:| Soft copy by online access/email

O Fee for Print copy : Rs. 7500.00 (India) US$ 750.00 (Foreign)
Q Fee for Softcopy :Rs.4000.00 (India) US$ 250.00 (Foreign)
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Editorial Office, Himalayan Geology (Journal)
Publication Division, Wadia Institute of Himalayan Geology,
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WADIA INSTITUTE OF HIMALAYAN GEOLOGY, DEHRADUN

Latest Publications
2018 2015

SIWALIK MAMMALIAN FAUNAS OF THE HIMALAYAN
FOOTHILLS

With reference tobiochronology, linkages and migration

GLACIER LAKE INVENTORY
(113

Lithostratigraphy,Biostratigraphyand
Palaeogeographyofthe
EasternKarakoram,India

Wadia Institute of
Himalayan Geology

epUEN *0 UseuIny

K.P.‘Juyal
Wamalnstwtsnﬂg:mws:::;::wcealogy Wadia Institute of Himalayan Geology
33,GMSRoad, Dehradun-148001 33, General Mahadeo Singh Road
Dehradun 248 001
Rs.600/- (India), US$ 50/~ (Abroad) Rs.1200/- (India), US$ 100/~ (Abroad)

Previous Publications

GEOLOGY OF
KUMAUN
LESSER HIMALAYA

OLOGY OF INDUS SUTURE ZONE OF LADAKH ;
i S - )
iy Dichra Dun A MR T

Rs.180/- (India), US$ 50/- (Abroad) Rs.205/- (India), US$ 40/- (Abroad) Rs.180/- (India), US$ 15/- (Abroad) Rs.45/- (India), US$ 8/- (Abroad)

|
. GEOLOGICAL MAP |
\ OF THE |
WESTERN HIMALAYA |

Procurement details:
Corresponding address:
The Director
Wadia Institute of Himalayan Geology,
33, GMS Road, Dehradun 248001, India
or
Publication & Doc. Section
Wadia Institute of Himalayan Geology,
33, GMS Road, Dehradun 248001, India
Phone: +91-0135-2525430, Fax: 0135-2625212
Email: himgeol@wihg.res.in,
Web: http://www.himgeology.com
Cheque/Bank Draft:

Should be in favour of the
'Director, WIHG, Dehradun, India'

USS$ 15/- (Abroad)




WADIA INSTITUTE OF HIMALAYAN GEOLOGY, DEHRA DUN
PUBLICATIONS AVAILABLE FOR SALE

HIMALAYAN GEOLOGY
(These volumes are the Proceedings of the Annual Seminars on
Himalayan Geology organizsed by the Institute)

(inRs) (inUS$)
Volume 1 (1971) 130.00 26.00
Volume 2* (1972) 50.00
Volume 3* (1973) 70.00
Volume 4* (1974) 115.00 50.00
Volume 5 (1975) 90.00 50.00
Volume 6 (1976) 110.00 50.00
Volume 7 (1977) 110.00 50.00
Volume 8§(1) (1978) 180.00 50.00
Volume 8(2) (1978) 150.00 45.00
Volume 9(1) (1979) 125.00 35.00
Volume 9(2) (1979) 140.00 45.00
Volume 10 (1980) 160.00 35.00
Volume 11 (1981) 300.00 60.00
Volume 12 (1982) 235.00 47.00
Volume 13* (1989) 1000.00 100.00
Volume 14* (1993) 600.00 -
(in Hindi)
Volume 15%* (1994) 750.00

(Available from M/s Oxford & IBH Publishing Co. Pvt.
Ltd., New Delhi, Bombay, Kolkata)

Volume 16* (1999) 1000.00 100.00

Journal of Himalayan Geology
(A bi-annual Journal : published from 1990 to 1995)

Annual Subscription (in Rs) (inUS %)
Institutional 500.00 50.00
Individual 100.00 25.00

Volume 1 (1990) to Volume 6 (1995)*

HIMALAYAN GEOLOGY

(A bi-annual Journal incorporating Journal of Himalayan
Geology)

Annual Subscription: (inRs)  (in US §)
Institutional ~ 500.00 50.00
Individual 100.00 25.00

Volume 17 (1996)*

HIMALAYAN GEOLOGY
Revised Annual Subscription (w.e.f. 1997):
Institutional
Individual (incl. postage)
Volume 18 (1997) to Volume 26 (2005)*
Volume 27 (2006) to Volume 32 (2011)*
Volume 33 (2012)
Volume 34 (2013) to Volume 36 (2016)*
Volume 37 (2015) to Volume 38 (2017)
Volume 39 (2018) to Volume 43 (2022)

Revised Annual Subscription (w.e.f. 2018):
Institutional
Individual (incl. postage)
Volume 44 (2023) to Volume 45 (2024)
Revised Annual Subscription (w.e.f. 2023):
Institutional
Individual (incl. postage)

(in Rs)
2000.00
600.00

(in Rs)
3000.00
1000.00

OTHER PUBLICATIONS
Geology of Kumaun Lesser Himalaya, 1980
(by K.S. Valdiya)

Geology of Indus Suture Zone of Ladakh, 1983
(by V.C.Thakur & K.K. Sharma)

Bibliography on Himalayan Geology, 1975-85

Geological Map of Western Himalaya, 1992
(by V.C. Thakur & B.S. Rawat)

Excursion Guide :The Siwalik Foreland Basin
(Dehra Dun-Nahan Sector), (WIHG Spl. Publ. 1,1991)
(by Rohtash Kumar and Others)

Excursion Guide : The Himalayan Foreland Basin
(Jammu -Kalakot-Udhampur Sector) (WIHG Spl
Publ. 2, 1999) (by A.C. Nanda & Kishor Kumar)

Glacier Lake Inventory of Uttarakhand
(by Rakesh Bhambri et al. 2015)

Siwalik Mammalian Faunas of the Himalayan Foothills
With reference to biochronology, linkages and migration
(by Avinash C. Nanda, 2015)

Lithostratigraphy, Biostratigraphy and Palacogeography
of the Eastern Karakoram, India
(by K.P. Juyal, 2018)

(in Rs)
750.00
100.00

(in US$)
50.00
25.00

(in US$)
150.00
50.00

(in US$)
225.00
100.00

Rs. 180.00
US'$ 50.00

Rs. 205.00
US § 40.00

Rs. 100.00
US'$ 30.00

Rs. 200.00
US $ 15.00

Rs. 45.00
US$ 8.00

Rs. 180.00
US $ 15.00

Rs. 500.00
US §$50.00
Rs. 1200.00
US $ 100.00

Rs. 600.00
US $ 50.00

Note: 'Journal of Himalayan Geology' & 'Himalayan Geology' have been merged and are being published as Himalayan

Geology' after 1996.
* Out of Stock

Life Time Subscription of Himalayan Geology (Individuals only)
Abroad: US$ 750.00
Abroad: US$ 250.00

Fee for Print copy : India: 7500.00
Fee for Soft copy : India: 4000.00

Trade Discount (In India only)

1-10 copies: 10%, 11-15 copies: 15% and >15 copies: 20%

Offer (for a limited period): A free set of old print volumes (1971 to 2012, subject to availability) of ‘Himalayan Geology’ will be
provided to the new registered Life Time Subscribers (Postage to be borne by the subscriber).

Publications: may be purchased from Publication & Documentation Section and Draft/Cheque may be drawn in the name of
The Director, Wadia Institute of Himalayan Geology, 33- General Mahadeo Singh Road, Dehra Dun—248 001

Phone: 0135-2525430

Fax:(91)0135-625212  Website: http://www.himgeology.com E-mail: himgeol@wihg.res.in



Wadia Institute of Himalayan Geology

(An Autonomous Institute of Dept. of Science & Technology, Govt. of India)

33, General Mahadeo Singh Road, Dehradun-248001 (INDIA)



	Part 1_v15 eng
	Part 2 eng
	Part  3 Membership eng

