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                                   Abstract 
 Wadia Institute of Himalayan Geology (WIHG), Dehradun is a premier Geological institute involved in both basic and applied 
research to unravel the Geodynamics of the mighty Himalaya, which covers a wide spectrum of Geoscientifi c disciplines: 
petrology, geochemistry, structural geology, geophysics, sedimentology, biostratigraphy, earthquake geology, geomorphol-
ogy, environment & engineering geology, quaternary geology, hydrology, glaciology, etc. The state-of-the-art sophisticated 
analytical laboratories strongly substantiate the fi eld data for understanding the geodynamic evolution of the Himalaya, 
seismogenesis of the region, studying landslides and avalanches, characterization and mitigation of geohazards related to 
earthquakes, landslides, snow/ice avalanches, glacier/landslide lakes outbursts, exploration of natural resources (minerals/
ore bodies, hydrocarbons, springs, geothermal, etc.), comprehending glacier dynamics and fl uvial systems, etc. Addition-
ally, sub-surface features such as crustal heterogeneities, accumulation of elastic strain and convergence rate, crust-mantle 
interaction, and shallow/deep earth processes are also being probed. Besides investigating basic scientifi c issues, the Institute 
provides geoscience support to other government agencies/bodies in understanding and mitigating several hazards-related 
programs like landslides, avalanches, earthquakes, and fl oods in the Himalaya. Research activities during 2020–2023 are 
centered on the major thrust area of “ Characterization and Assessment of Surface and Subsurface Processes in Himalaya 
(CAP-Himalaya): Implications on Geodynamics, Seismogenesis, Bioevents, Paleo-climates, Natural Hazards, and Natural 
Resources for Sustainable Development ”. The research program of the CAP Himalaya is accomplished through diff erent 
activities. The major achievements in each activity are highlighted here. 
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      Introduction 

   Scientifi c activity groups 

 The research program is mainly grouped into seven broad 
Activities as stated below: 

       (i)       Activity 1  This activity is divided into two sub-
themes: (1) Activity-1 A focuses on Petrogenesis, 
Mineralogy, Geo-thermochronological, and Geo-
chronology of the magmatic-metamorphic complexes 
of the Himalaya, which are vital to elucidate the crus-
tal growth, mantle heterogeneity, crustal contamina-

tion, emplacement and exhumation of the dynamic 
domains of the Himalayan orogen. This activity also 
deals with the key issues of potential economic min-
erals and  CO 2  sequestration. (2) Activity-1B focused 
on crust-mantle sequences incorporating entities of 
oceanic lithosphere, crystalline sheets, and domains 
of high fl uid activity in the Himalaya to address key 
issues of petrogenesis.   

     (ii)       Activity 2   This activity is subdivided into three 
activities: (1) Activity-2 A primarily focuses on the 
identifi cation and mapping of subsurface geologic 
features based on the AI/ML approach (2) Activity-
2B involved largely with geometry and rheological 
assessment of the Main Himalayan Thrust, lith-
ospheric fl exuring and their implications towards 
understanding seismogenesis and deep earth pro-
cesses in the Himalaya. (3) Activity-2 C primarily 
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emphasizes seismicity and seismic hazard assess-
ment in the Himalaya.   

     (iii)       Activity 3  The biotic evolution with reference to the 
Indo-Eurasian collision is being investigated by this 
activity. These studies play a vital role in unraveling 
the intricacies of the evolution of the Himalaya by 
investigating the mega and micro-fossils (vertebrates, 
invertebrates, and pollens) for the reconstruction of 
high-resolution biostratigraphy of the Cenozoic suc-
cessions of the Himalaya, in the light of India-Asia 
collision and global bioevents.   

     (iv)       Activity 4  This is divided into two subgroups: (1) 
Activity-4 A deals with the climate variability and 
landscape responses in different transects of the 
Himalaya with an aim to (a) reconstructing the past 
climate and extremes, (b) delineating Quaternary sig-
natures of tectonic-climatic evolution, and (c) build-
ing the syn and post-collision landscape using a sedi-
mentary archive. Activity-4B focuses on the ecology 
and climate dynamics of the Himalaya (Cenozoic to 
Present) with an aim to reconstruct the past climate/
monsoon and establish its ecological linkage through 
proxy records from various geo-archival settings 
(Tree ring, Lake sediments, peat, fl uvial deposits, 
speleothems, and glacial deposits) of the Himalaya.   

     (v)       Activity 5  The prime aim of this activity is to inves-
tigate geological and geomorphic controls on Land-
slide for risk assessment and zonation in the Hima-
laya based on fi eld study as well as laboratory study 
of rocks and soils involved in sliding processes and 
subsurface investigations through ground penetrating 
radar (GPR), electrical resistivity tomography (ERT), 
etc. The preparation of landslide hazard zonation 
maps, and risk maps, and modeling the behavior of 
slopes under various projected climatic conditions 
are major focuses of this activity.   

     (vi)       Activity 6  This activity is divided into two—Activity 
6 A focuses on glacial dynamics, glacier hydrology, 
mountain meteorology, and related hazards that have 
societal relevance. On the other hand, Activity-6B 
deals with Hydrogeology and Himalayan fluvial 
system and ground waters and also emphasizes the 
Hydrograph separation studies, and natural pathways 
for  CO 2  sequestration on Geological time scales; 
Groundwater dynamics and Karst Aquifers in the 
I-G-B Himalaya and plains and Anthropogenic forc-
ing of Himalayan Rivers from their source to Sink.   

     (vii)       Activity 7  This activity emphasizes the quantifi ca-
tion of strain accumulation/release rate along MHT 
at diff erent time scales. Moreover, emphasis is laid 

on issues related to the orogenic exhumation history, 
glaciation on millennial-scale surface erosion, the 
Paleo-seismological or Earthquake Geological obser-
vations based on geological fi eld surveys, Remote 
Sensing study as well as established geophysical 
tools like GNSS, InSAR, Gravity/Magnetic along 
with state-of-the-art Thermochronology and Fission 
Track Dating.     

     Major research output 

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

   U–Pb zircon geochronology and geochemical studies 
from the Himachal Pradesh NW-Himalaya 

 The new U–Pb (zircon) geochronological age determina-
tion of meta-sedimentary rocks of the Chail Formation and 
Jutogh Thrust sheet show a maximum depositional age of 
~ 880 Ma for the Chail Formation and ~ 680 Ma for the 
Jutogh Thrust sheet. The U–Pb crystallization age popula-
tions are with the main cluster of ca. 1250-800 Ma and few 
grains with 2500–2300 Ma, 1750–1300 Ma, and a small 
peak of ~ 650 Ma. A maximum depositional age of ~ 650 Ma 
is assigned. The study reveals that the most prominent 
zircons of the Neoproterozoic age were derived from the 
adjacent continent that comes together during the assem-
bly of the Rodonia supercontinent and also has an intrusive 
Cambrian-Ordovician (~ 500–600 Ma) age. The sediments 
were sourced from a magmatic arc type and provided the 
hydrous-oxidizing tectonic environment. The zircon U–Pb 
ages of the Chaur granite range between 883.0 ± 15.0 Ma 
and 1260.0 ± 10.0 Ma, with only one consistent peak of 
~ 929.0 Ma. It confi rms that the northern edge of the Indian 
plate collided with the microcontinent and in contempora-
neous process, the upper crust underwent partial melting, 
and magma generated during the process has intruded in 
an extensional tectonic set-up of the northern edge (i.e., the 
presently known as Jutogh and Vaikrita thrust sheets) of the 
Indian plate during the Neoproterozoic periods (Fig.  1 ).        

    Fission track thermochronological studies from lesser 
Himalaya (Kumaun–Garhwal) 

 To understand the shallow crust exhumation and the role 
of Main Boundary Thrust (MBT) in the exhumation of 
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Lesser Himalayan Sequence (LHS) fi ssion track study was 
conducted. The study reveals that the tectonics activity 
along the Ramgarh Thrust (RT) began during early Mio-
cene (~ 24 Ma) and emplaced the RT sheet over the outer 
LHMS zone (Fig.  2 ). Moreover, the rapid exhumation of 
the Amritpur granite as a single horse between the MBT as 
fl oor thrust in its south and ST as the roof thrust in its north 
occurred during ~ 14 to 13 Ma. It is inferred that the MBT 
and its associated faults initiated during ~ 14 to 13 Ma and 
uplifted the Amritpur granite along a steep fault ramp of the 

MBT that soles into the gently dipping MHT décollement 
as ‘Tectonic Slivers’.        

    Magmatism in the Siang window of Eastern Himalayan 
Syntaxis, Northeast India 

 The magmatic rocks have been investigated using new zir-
con U–Pb ages of mafi c rocks (gabbro and andesite) along 
with whole-rock geochemistry of mafi c and felsic suite of 
rocks from the Siang Window. The zircon U–Pb ages esti-
mated by Laser Ablation-Inductively Coupled Plasma-Mass 

  Fig. 1        a  Detrital zircon U–Pb age data generated from the (P1 and 
P2) age peaks sample locations,  b  Schematic diagram of the neopro-
terozoic confi guration of Indian cratons, which envisages an active 

Tonian magmatic arc (~ 1100–825 Ma) northern margin of the Higher 
Himalayan Sequence- an extensional tectonic setting (Singh et  al. 
 2023 )  
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Spectrometry (LA-ICP-MS) suggest that the mafi c plutonic 
rock was emplaced ~ 121.18 ± 1 Ma and intermediate vol-
canic rock was emplaced ~ 135.48 ± 0.50 Ma during the early 
Cretaceous period. The obtained zircon U–Pb ages from the 
present study show that both the mafi c plutonic and felsic 
volcanic rocks of the study area are coeval with the Cona 
igneous province of southeast Tibet and the Bunbury basalt 
of southwestern Australia. Both units are believed to have 

formed simultaneously, during the initial breakup of south-
west Australia and Greater India. Since the studied rocks are 
found to have been emplaced in a continental extensional 
environment and their U–Pb zircon ages (~ 121–135 Ma) are 
similar to those of the Comei-Bunbury Large Igneous Prov-
ince (LIP) of ~ 132 Ma. (Fig.  3  ) . These events are related to 
the breakup of eastern Gondwana and the outbreak of the 
Kerguelen plume.        

  Fig. 2       Compilation of FT ages, relief, topography, precipitation, and simplifi ed regional cross-section from the MFT to the STDS,  a  Plot of FT 
ages vs. distance from the MFT to STDS and  b  Regional cross section (Modifi ed after Valdiya  1980 ) along with relief and precipitation  
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     Activity-1B: mantle upwelling, fl uid circulation, 
metasomaticprocesses: implications on fl uid-rock 

interaction 

   Retrograde dehydration of pre-himalayan pyroxene 
bearing Xenolith, Sutlej Valley 

  P–T  and  P–M   H2O   pseudosections have been constructed con-
sidering the  NCFMASH  system to understand the retrograde 
hydration reactions in pre-Himalayan pyroxene-bearing 
mafi c xenoliths of Sutlej Valley. The pseudo section mod-
eling demonstrates the destabilization of orthopyroxene and 
clinopyroxene in mafi c granulites after decompression to 0.3 
GPa pressure resulted in the formation of cummingtonite 
and hornblende-bearing mafi c xenoliths (Fig.  4 ). The study 
shows that the secondary mineral assemblage is controlled 
not only by  P  and  T  but also by the amount of water avail-
able for hydration. The present study provides new insights 
into pre-Himalayan metamorphism and constrains the  P–T  
conditions of hydration.        

    Fluid inclusion study of migmatites from Karakorum 
terrane, Trans Himalaya, Ladakh 

 The fi rst-ever report of a systematic fl uid inclusion study 
of migmatites from Karakorum terrane (Trans Hima-
laya, Ladakh) that integrates data from mineralogi-
cal thermodynamic modeling has constrained the peak 

  Fig. 3       Generalized plate tectonic reconstruction of Gondwana at 
132 Ma, showing the magmatic rocks of Eastern Himalaya is a part 
of the Comei-Bunburuy Large Igneous Province (LIP). Locations of 
Sylhet traps (ST), Rajmahal Traps (RT), Naturaliste Plateau (NP), 
Bunbury Basalt (BB), and Comei LIP (CM) are shown  

  Fig. 4        T–M   H2O   pseudo section, at pressures of 0.3 GPa ( a ) and 0.6 
GPa ( b ) for sample XN10 in the model system NCFMASH system 
(+ qz) using oxide modal proportions of  SiO 2  = 53.98,  Al 2 O 3  = 7.98, 
FeO = 10.98; MgO = 9.65, CaO = 11.50,  Na 2 O = 0.78,  H 2 O 

(range) = 0–8. The thick dashed line represents  H 2 O saturation. Cum-
bearing fi elds are labeled in bold letters in ( a ); peak assemblage is 
labeled in bold letters in ( b )  
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pressure-temperature conditions of migmatization along the 
Karakorum Fault Zone to 0.85–1.02 GPa and 640–670 °C, 
which is higher pressure than earlier estimated. The study 
reveals that  H 2 O-fl uxed melting or free-fl uid melting drove 
the partial melting processes responsible for the formation 

of migmatites along the Karakorum Fault Zone (KFZ). The 
 CO 2  present in the inclusions is the residual material left 
over by the segregation of  H 2 O into the melt phase. Fluid 
inclusion microtextures are consistent with isothermal 
decompression cooling (Fig.  5 ).        

  Fig. 5        P – T  evolution of fl uid in migmatites from Karakorum terrane, Trans Himalaya, Ladakh  
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    Pre- to syn-collisional geodynamics of the Himalayan 
orogen 

 The Himalaya is characterized by the presence of both pre-
Himalayan Palaeozoic and syn-Himalayan Cenozoic granitic 
bodies. In the Bhagirathi Valley, such granites and the Teth-
yan Himalayan Sequence (THS) hosting them are bound to 
the south by the top-to-the-N extensional Jhala Normal Fault 
(JNF) and low-grade metapelite of the THS to its north. Zir-
con U–Pb geochronology of the THS and one leucocratic 
dyke reveals that the two rocks have a strikingly similar 
age distribution, with a common and most prominent age 
peak at ~ 1000 Ma. To the north of the THS lies Bhairong-
hati Granite, a Palaeozoic two-mica granite, which shows 
a crystallization age of 512.28 ± 1.58 Ma. Our geochemi-
cal analysis indicates that it is a product of pre-Himalayan 
Palaeozoic magmatism owing to extensional tectonics in a 
back-arc or rift setting following the assembly of Gondwana 
(500–530 Ma). The Cenozoic Gangotri Leucogranite lies to 
the north of Bhaironghati Granite, and the U–Pb dating of 
zircon from this leucogranite gives a crystallization age of 
21.73 ± 0.11 Ma. 

     Activity-2 A: subsurface interpretation: 
development of ML approach 

 Scientists from WIHG have developed a neural (machine 
learning) based practical approach for automatic interpreta-
tion of 3D seismic data (Sain and Kumar  2022 ). This fi rst-
of-its-kind approach has been developed by computing a 
new attribute, called meta-attribute, for the semi-automatic 
delimitation of subsurface geologic features from surface 
seismic data. Fold-and-thrust orogenic belts preserve a 
structural record of complex deformations and are an impor-
tant part of many orogenic systems worldwide. However, 
they have received less attention due to a lack of detailed 
understanding of the subsurface disposition that structurally 
controls the deformations prevailing within these regions. 
High-quality 3D seismic data have been used to investigate 
the structural development and evolution of faults devel-
oped within a geologically complex region of the Dibrugarh 
fi eld of the Upper Assam foreland basin, NE India that is 
bounded by fold-and-thrust orogenic belts. It is observed that 
the faults possess a dominant trend of NE-SW, with most 
faults in the SE and SW parts exhibiting sinistral strike-slip 
 ( Fig.  6  ).  These lateral movements are evidenced by exten-
sional horsetail splay faults, negative fl ower structures, and 
minor transfer faults. The displacement profi les of the strike-
slip faults also reveal complex segmentation, linkage, and 
mechanical interactions at diff erent structural levels, indi-
cating their prolonged histories and development (Kumar 
et al.  2023a ).        

 Subsurface fl uid fl ow involves the migration of fl uids 
from source to surface through a wide range of geologic 
structures. Such studies have been mainly carried out in the 
marine environment by means of high-resolution seismic 
data in unraveling the fl uid fl ow system and remain poorly 
documented for on-land data (a rare case). High-quality 3D 
seismic refl ections have been utilized through a meta-attrib-
ute-assisted machine learning approach to model the fl uid 
fl ow activity (Fig.  7 ) in the onshore Indo-Gangetic periph-
eral foreland basin of India. The Fluid Cube meta-attribute 
demonstrates that subsurface fl uid vertically migrates from 
the Neoproterozoic strata through minute fracture networks 
and weaker strata of the overlying Tertiary succession 
(Kumar et al.  2023b ). The analysis of surfi cial geochemical 
anomalies corroborates quite reasonably with these observa-
tions. The analysis presented through this research could be 
effi  ciently carried out over other onshore basins worldwide.        

    Activity-2B: geometry and rheological assessment 
of the MHT, lithospheric fl exuring: implications 
toward seismogenesis, deep earth processes 

   Imaging the Moho and Main Himalayan thrust 
beneath the Kumaon Himalaya 

 A passive seismological investigation carried out in the 
Kumaon Himalaya based on receiver function imaging at 
18 broadband seismological stations reveals a variation of 
crustal thickness from  38 km in the Indo-Gangetic Plain 
(Khatima) to  42 km near the Vaikrita Thrust (Dharchula 
region). A ramp  (  20° )  structure on the Main Himalayan 
Thrust (MHT) is revealed beneath the Chiplakot Crystalline 
Belt (CCB) (Fig.  8 ) that coincides with a cluster of seis-
micity. A lower crustal low-velocity zone (LVZ) is identi-
fi ed suggesting the presence of fl uid/partial melt due to the 
shear heating in the ductile regime and/or decompression 
and cooling associated with the exhumation of the CCB 
(Hazarika et al.  2021 ).        

    Imaging the crustal structure at Siang and Lohit Valley 

 The receiver function imaging at 19 seismological stations 
of Siang and Lohit Valley eastern Himalaya reveals the sig-
nature of the MHT beneath the Lohit Valley at ~ 20–26 km 
depth (Fig.  9 ). However, MHT is not prominent in the Siang 
window. Unlike in the western and central Himalaya, the 
MHT does not play a major role in seismogenesis in the 
Lohit Valley and Siang Window, where seismicity is active 
up to the crustal depth of ~ 40 km (Hazarika et al.  2022 ). The 
crustal thickness increases from ~ 38 km at Pasighat in the 
south to ~ 50 km at Gelling in the Siang window, whereas 
the thickness increases from ~ 40 km at Mahadevpur in the 
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west to ~ 54 km in the Tidding-Tuting suture zone in the 
Lohit Valley (Kundu et al.  2023 ).        

    Shear wave crustal velocity structure in the Garhwal–
Kumaon region 

 Crustal shear wave velocity variations in the Garhwal-
Kumaon region have been investigated down to ~ 50 km 
using ambient noise cross-correlation tomography (Fig.  10 ). 
A large variation in Vs in the range of ~ 2.8 to ~ 4.7 km/s 
is observed that corresponds to a variety of changes in the 
tectonic deformation, structure, and crustal thickness. An 
anomalous low Vs zones are identifi ed in the mid-crust 
beneath the higher Himalaya and southern Tibet, indicating 
partial melting (Verma et al.  2023 ).        

     Activity-2 C: seismicity and seismic hazard 
assessmentin the Himalaya 

 The frequency-dependent shear-wave quality factor  (Q β (f)) 
and site amplifi cation for the seismically active Garhwal 
Himalaya were estimated through the inversion of strong 
motion data of eighty-two earthquakes (M 1.8 ≤ M ≤ 6.8). 
The close resemblance of Qβ(f) relations at diff erent sta-
tions suggests the presence of a similar type of lithology. 
A regional quality factor relationship Qβ(f) = (102 ± 3.9)
f (1.0 ± 0.1) is established. This relationship reveals that 
low  Q o  value (< 200) and high n value (> 0.8) for the Garh-
wal Himalaya representing a tectonically and seismically 
active region. 

 High-quality three-component teleseismic waveform 
data were used to investigate the detailed subsurface 
structure beneath the Kumaun-Garhwal Himalaya (Kumar 

  Fig. 6       Distribution of strike-slip faults  
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et al.  2023a ,  b ,  c ). The results, derived from the inversion 
of the stacked P-receiver functions (PRFs) of individual 
stations using the neighborhood algorithm approach, 
show that the crustal thickness is within the range of 
42–54 km. An intra-crustal low-velocity zone was identi-
fi ed at ~ 9–25 km. The 2D PRF migration image depicts 

a thick mantle transition zone due to the elevated 410 km 
discontinuity with respect to the global average values 
predicted by the IASP91 velocity model  ( Fig.  11  ) . The 
present research suggests that this might be due to the 
colder transition zone in this region, indicating the cool 
underthrust Indian plate with respect to the ambient man-
tle has reached down to the upper mantle transition zone.        

  Fig. 7       Vertical migration of sub-surface fl uid in the IGP foreland basin  
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    Activity-3: biotic evolution with reference 
to Indo-Eurasiancollision: evidences for global 
events 

 This activity is working on the Cenozoic vertebrate of NW 
Himalaya in an attempt to better understand the evolution, 
biogeographic timing, palaeoclimatic context, and biostratig-
raphy. The explorations have resulted in the discovery of 

  Fig. 8       Receiver function image along the Kali River Valley, Kumaon 
Himalaya (AB profi le, Hazarika et  al.  2021 ). The extended image 
from Vaikrita Thrust (VT) to Indus-Yarlung suture (IYS) has been 
append. A ramp (~ 20°) in MHT is observed at ~ 130  km distance. 
The Moho is identifi ed by consistent positive polarity shown by red 

signals as well as from inversion (“+” signs).  HFT  Himalayan Frontal 
Thrust,  MBT  Main Boundary Thrust,  SAT  South Almora Thrust,  NAT  
North Almora Thrust,  MT  Munsiyari Thrust,  IGP  The Indo-Gangetic 
Plain,  CCB  Chiplakot Crystalline Belt,  ASK  Askot Klippe are marked  

  Fig. 9        A  3-D view of the 
receiver function image along 
the two profi les AB and CD. 
The tectonic map and the sta-
tions (triangles) belonging to 
AB and CD profi les are shown 
at the top. The Moho interpreted 
from the CCP image, and NA 
inversions are marked by dashed 
yellow lines. ‘+’ signs indicate 
the Moho depth obtained from 
the NA inversions  
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new vertebrate fossils from the Late Oligocene-Early Mio-
cene deposits of Ladakh Molasse, Middle Miocene deposits 
(Lower Siwalik) of Ramnagar (J & K), and Late Miocene 
deposits (Middle Siwalik) of Haritalyangar (H.P.). For the 
fi rst time, a madtsoiid snake (Fig.  12 ) was discovered in the 
Late Oligocene of India (the molasse deposits of Ladakh 
Himalaya) (Singh et al.  2022a ). The occurrence of madtsoiid 
from the Oligocene of Ladakh indicates their continuity at 
least to the end of the Paleogene and shows that the members 

of this group were successful in this subcontinent for a much 
longer time than previously thought. The global climatic 
shifts and the prominent biotic reorganization across the 
Eocene–Oligocene boundary did not cause the extinction 
of this important group of snakes in India. Subsequently, 
the remains of fossil  Varanus  (lizards) and  Python  (snakes) 
have also been discovered from the Late Miocene hominid 
locality of Haritalyangar, Himachal Pradesh, India (Singh 
et al.  2022b ). The occurrence of these two important ther-
mophilic squamates in the region (Haritalyangar) indicates 

  Fig. 10       The block indicates 
the L-shaped blue line verti-
cal cross-section. The S wave 
velocity variations are shown 
on the vertical cross-sections, 
and earthquakes are projected 
on cross-sections with a lateral 
extent of 0.2° to both sides of 
the vertical slices  

  Fig. 11        a  Observed stacked receiver functions. Red and blue colors 
represent the positive and negative conversion. The Black dash line 
shows the  Ps  conversion time from 410 and 660 km discontinuities.  b  

2D migrated receiver function image. The 410 and 660 km disconti-
nuity are clearly visible and marked by the black dotted line. Red and 
blue colors represent positive and negative conversions  
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  Fig. 12       Madtsoiidae indet. from Ladakh Himalaya. The specimen 
WIMF/A 4816 in  A  dorsal;  B  ventral;  C D   lateral;  E  anterior (with 
detail of subcotylar foramen);  F  posterior (with detail of parazygan-

tral foramina) views. Virtual slices of the vertebra with a special 
emphasis on the parazygantral foramina:  G  horizontal;  H  coronal  
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a seasonally wet sub-humid to semi-arid climate and the 
mean annual temperature not less than 15–18.6 °C in the 
area during the Late Miocene. 

 Apart from the squamates, a new genus and species 
of fossil treeshrew were reported from the Middle Mio-
cene Siwalik of Ramnagar, and the new taxon has been 
named  Sivatupaia ramnagarensis  n. gen. n. sp. The pre-
sent extinct treeshrew from Ramnagar currently repre-
sents the oldest record of fossil tupaiids in the Siwaliks, 
extending their time range by ca. 2.5–4.0 Million Years in 
the region. Dietary analyses suggest that the new tupaiid 
was likely adapted for a less mechanically challenging or 
more frugivorous diet compared to other extant and fossil 
tupaiids. A few chronologically informative micromam-
mals have also been reported from a locality exposed close 
to the town of Dunera (Pathankot District, Punjab, India) 
that has previously been suggested to represent either the 
Lower or Middle Siwaliks. Based on the assessment, it 
appears that the Dunera locality correlates with the lower 
half of the Nagri Formation in the Middle Siwaliks and 
thus samples the early Late Miocene rather than the late 
Middle Miocene.        

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

   Sedimentation, extreme events, and cave deposits 
in response to climate variability 

 A speleothem study from the Bhiar Dhar cave, western 
Himalaya suggests a coherence in oxygen isotopes and 
microfabrics interpreted climate variability on a millennial 
time scale. Depleted oxygen isotopes showing increased 
precipitation are associated with the prograded nature of 
the stacking pattern and columnar fabrics whereas enriched 
oxygen shows dark micritic layers developed during arid 
conditions. Another study from the same cave examines the 
geo-tourism potential of the cave. A similar study from the 
Mawmluh cave, NE India suggests signifi cant regional vari-
ability of the Indian summer monsoon during the Megha-
layan age. A signifi cant wet phase was witnessed in NE India 
between ~ 3.5 and 2.9 kyr BP. An abrupt and pronounced 
weakening of summer monsoon rainfall is observed at 
around 4.2 kyr BP that lasted for around 200 years, whereas 
the same events lasted longer in the western and NW parts 
of the Indian subcontinent. 

 The study from the western Assam lowland areas suggests 
that the alluvial fan is composed of three distinct lithofacies 
associations during 27 to 3 ka. The bottom-most gravelly-
sandy facies indicate the progradation of the fan during the 
last glacial maximum (LGM). The middle facies is a sheet 
fl ow deposit that formed during the early Holocene period. 

During the Mid-Late Holocene, the uppermost facies have 
been deposited as rivers lost their gradient. The study reveals 
that the fan accretion in the Brahmaputra foreland is sea-
level controlled. 

 The fl uvial packages in Lower Ganga plains (LGP) along 
the Ajay River in the Rarh region correspond to two signifi -
cant channel phases: Period-I (2.4 ka to 1.3 ka) and Period-II 
(800 years to 200 years ago). Period I is characterized by the 
episodes of fl oodplain development and lateral migration of 
the trunk river during ~ 2.4 ka due to ISM intensifi cation. 
Conversely, Period II is characterized by fl ooding phenom-
ena and the aggradation of channel bodies across much of 
the present valley area during the last 800 years. 

    Depositional age and provenance of lesser Himalaya 

 U–Pb detrital zircon geochronology and radiogenic isotopic 
( 87 Sr/ 86 Sr, ɛNd) study from the Proterozoic clastic succes-
sions of the Garhwal-Kumaon Lesser Himalaya supports 
a mixed source as refl ected by the wide range of Meso-
archean to Neoproterozic age probability peaks. The age 
data identifi ed that the sedimentation within the Rautgara 
Formation of ILH continued till Neoproterozoic. Tracking 
the detrital Zircon U–Pb ages in the near adjacent cratonic 
parts points towards the Aravalli orogenic belt as the major 
source region. More negative ɛNd values are observed in 
ILH indicating supply from more evolved protolith or older 
continental crustal rocks or recycled sources and less nega-
tive ƐNd values of OLH support less evolved protolith. Both 
detrital zircon and ɛNd data support for continuous sedimen-
tation model, rule out the presence of unconformity within 
the Lesser Himalaya, and argue for separate evolution of the 
Lesser Himalayan basin on the trailing edge of the extended 
north Indian craton. The thickness and compositional matu-
rity of the sediments pointed toward a passive margin depo-
sition formed by the ~ 1.8 Ga back-arc rifting succeeding 
the 1.9 Ga magmatic arcs in the supercontinent ‘Columbia’. 

    Mineral magnetic characteristics of Indus Molasse 

 The easternmost successions of the Indus molasses (syn-
collisional Indus molasse sedimentary rocks) along the 
Nyoma-Rhongo transect were sampled to perform the fi rst-
ever detailed rock magnetic and magnetostratigraphy study 
with orientations. Combined rock magnetic results indicate 
fi ne-medium-grained, pseudo-single domain magnetite as 
a dominant, and pyrrhotite and greigite are other accessory 
magnetic minerals present in Indus molasses. Early syn-col-
lisional Indus molasse sediments were feasibly deposited 
directly upon an uplifted and eroded surface that developed 
over the Ladakh Batholith (south of the Eurasian Plate), 
these sediments were entirely derived from the north, with 
the Ladakh arc being the most likely source. 
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     Activity-4B 

   Ecology and climate dynamics of the Himalaya: cenozoic 
to present 

 Sub-decadal scale multiproxy records have been analyzed 
that show abrupt shifts in the Indian Summer Monsoon 
in the past 3200 years (Singh et al.  2020 ). Indian Summer 
Monsoon (ISM) plays a pivotal role in developing the land-
scape, vegetation, and most importantly the socio-economic 
growth of the Indian subcontinent. Natural phenomena such 
as solar irradiance, greenhouse gas emission, and volcanic 
activities have controlled the ISM and its variability has 
great implications for ecology, social and economic fronts. 
As climate shifts and, more importantly, water supply has 
dictated the fl ourish and demise of ancient civilizations, the 
variability of ISM in the historical past needs to be ascer-
tained to understand the present and future behavior of ISM. 
Keeping this in mind, Scientists from the Wadia Institute of 
Himalayan Geology studied lake sediments from Rewalsar 
Lake, a freshwater lake from the Mandi district of Himachal 
Pradesh. Sediments from this lake preserve signatures that 
can be used as proxies to understand Monsoon variabil-
ity in the past. In their study, the scientists have obtained 
grain size data, stable isotope ratios of δ 13 C and δ 15 N, total 
organic carbon (TOC), and total nitrogen (TN) data from 
the lake sediments. The results show shifts in ISM coincid-
ing with major global climatic events like the Roam Warm 
Period, Medieval Climate Anomaly, and the Little Ice Age. 

The results show an increase in TOC (wt%), TN (wt%), and 
depleted  δ  13 C values during the interval 1200 to 550 BCE, 
indicating wet monsoon conditions in the NW Himalaya. 
This condition prevailed till 450 AD coinciding with the 
Roman Warm Period (RWP). This was followed by reduced 
precipitation and a weak ISM till 950 AD. The ISM became 
comparatively stronger during the Medieval Climate Anom-
aly (MCA) between 950 and 1350 AD. During the Little Ice 
Age, there was a pronounced reduction in ISM precipita-
tion as indicated by a relatively low C/N ratio and decreased 
TOC content. Wet climatic conditions with a strong ISM 
revived around 1600 AD following the Little Ice Age, which 
prevails in today’s times. 

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

 A landslide is a dynamic system and due to changes in 
either natural or anthropogenic factors or both, the inci-
dences of landslides in a particular area have increased. 
The frequency and magnitude of the landslides increase 
every year, particularly in the hilly townships, mainly 
because there are a lot of developmental activities in the 
region. This demands the large-scale landslide hazard, and 
risk assessment of the region, and the following studies 
have been conducted. 

  Fig. 13       Landslide susceptibility map of the Mussoorie and its surrounding region  
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   Landslide hazard zonation in the Mussoorie Township 
and its surroundings 

 Mussoorie Township and its surrounding areas located 
in the Lesser Himalaya experience frequent landslides in 
the monsoon season. A total of 56 landslides have been 
delineated in the Mussoorie township and its surround-
ing area, 54 landslides have been classifi ed as planner 
debris slides, and 2 as rock-cum-debris slides. The land-
slide susceptibility mapping (LSM) reveals that ~ 44% of 
the study area falls under very high, high, and moderate 
landslide-susceptible zones and ~ 56% in the low and very 
low landslide-susceptible zones (Fig.  13 ). The dominant 
part of the area falling under high and moderate landslide 
hazard zones lies in the area covered by highly fractured 
Krol limestone. The LSM provides useful input to the city 
planners for the development of green corridors or smart 
cities. The highly vulnerable zones must be monitored by 
placing web-based sensors like a rain gauge, piezometer, 
extensometer, InSAR, etc., which may lead to forewarn-
ing landslides by coupling the slope instability with the 
rainfall threshold.        

    Engineering geological in Mansa Devi hill-bypass (MDHB) 
Road, Haridwar, Uttarakhand 

 Seven unstable zones along the entire Mansa Devi Hill 
Bypass (MDHB) road were identifi ed which are prone to 
landslides. A GPR survey carried out at fi ve diff erent loca-
tions of MDHB road suggests that the road, which was 

constructed on loose soil and hard rock, is not visible up 
to a depth of 12 m. Detailed geological mapping depicts 
that the area is composed of mudstone and sandstone with 
thick overburden constituting sandy soil. The geotechnical 
tests in the laboratory reveal low geo-mechanical strength 
and high permeability of the material constituting the slope. 
The laboratory tests on sandstone reveal that fresh sandstone 
exhibits an exceptionally higher value of unconfi ned com-
pressive strength (> 100 MPa) than the weathered sandstone 
(< 35 MPa). 

    Regional scale landslide susceptibility mapping 
of Himachal Pradesh 

 Himachal Pradesh has a prolonged history of landslides and 
related mass movement activities. 

 To understand the spatial distribution of landslide-prone 
zones, regional-scale landslide susceptibility mapping for 
the entire state has been carried out using two bivariate 
methods, i.e. weight of evidence and information value. The 
results depict that 25–30% of the total area of the state is 
confi ned in the high to very high landslide susceptible (LS) 
zones. The Landslide susceptibility maps (Fig.  14 ) are domi-
nantly confi ned to three regions: Kinnaur, Lahaul, Chamba, 
and upper Kangra. It is also ascertained that a higher per-
centage of high and very high LS zones are located at an ele-
vation of 2000–4000 m and on the slopes facing south with 
an inclination of 40°. Moderate and low to very low LS 
zones comprise ~ 27% and ~ 43–48% of the total area respec-
tively, and are confi ned to the Outer and Lesser Himalaya. 

  Fig. 14       Landslide susceptibility map s ( LSMs) depicting very low, low, moderate, high and very high landslide susceptibility zones using 
 a  weight of evidence (WoE) and  b  information value (IV) methods  
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These maps were validated using the success rate curve and 
prediction rate curve, indicating that both models have more 
or less similar effi  ciency and accuracy.        

     Activity-6 A glacial dynamics, glacier hydrology, 
mountain meteorology, and related hazard, 
geothermal energy resources 

 The ground-based monitoring of fourteen glaciers, namely 
Gangotri, Dokriani, Chorabari, Dunagiri, Bagani, Pindari 
and Kafni in Uttarakhand, and Pensilungpa, Parkachik and 
Durung Durang glaciers in Zanskar range, Ladakh UT, and 
Momostrong, Changmolung, Saser La Right, and Saser La 
left glaciers in the upper Nubra valley, Ladakh UT are being 
conducted (Fig.  15 ). The research works mainly focus on 
Himalayan cryosphere changes and related hazards, mass 
balance estimation, hydrometeorology, geomorphology, and 
surge glacier dynamics.        

 A long-time series of ground observations of the mass 
balance and length change of the Dokriani Glacier reveals 
a higher Accumulation Area Ratio (AAR) (67%), attributed 
to a fl at and broader accumulation area (Dobhal et al.  2021 ). 
Although having a larger accumulation area compared to 
the ablation area, the Glacier has substantial mass loss with 
an average annual ablation of − 1.85 m w. e.  a −1  compared 
to the residual average yearly accumulation of 0.44 m w. 
e.  a −1 . The recession rate of 21 m  a −1  during 2007–2013 
was slightly higher than the retreat rate of 18 m  a −1  during 

1992–2000 and 16 m  a −1  during 2000–2007. The overall 
morphological changes that include a reduction of ~ 14% 
of the total glacier area and enhancement of debris over the 
ablation zone (~ 4%) during the study period are signifi cant. 

 The impact of climate change on the past and present 
response of the Pensilungpa Glacier (PG), Zanskar Himalaya 
was investigated (Mehta et al.  2021 ). Field observations for 
the last four years (2015–2019) show that the Glacier is now 
retreating by ~ 27 ± 11 m at an average rate of 6.7 ± 3 m  a −1 , 
similar to the one since the LIA. The glaciers in the Suru 
River valley are nourished mainly by the Western Distur-
bances during the winter season, with maximum solid pre-
cipitation, and melt during the ablation period (May–Octo-
ber). The ablation data reveal the signifi cant infl uence of 
debris cover on the PG’s mass balance and terminus retreat. 
Furthermore, the mass balance data for the last three years 
(2016–2019) show a negative trend with a small accumula-
tion area ratio (AAR) (43%). During 2016–2019, the PG 
has lost ~ 11.03 ×  10 6   m 3  w.e. ice volume. The slower retreat 
rate and low AAR of the PG, compared to other glaciers in 
the area, suggest that its terrain characteristics control the 
glacier dynamics, and the Glacier continues to adjust geo-
metrically in response to the negative mass balance. 

 The elevation changes and surface fl ow distribution for 
205 (> 0.1  km 2 ) glaciers in the Alaknanda, Bhagirathi, 
and Mandakini basins were investigated (Bhambri et al. 
 2023a ). Signifi cant heterogeneity in glacier thinning and 
surface fl ow velocity patterns is observed using temporal 

  Fig. 15       Location of ground-based monitoring of Himalayan glaciers by WIHG  
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DEMs and optical satellite images with ground-based 
verifi cation. The average thinning rate was 0.07 ± 0.09 m 
 a −1  from 2000 to 2015, and it increased to 0.31 ± 0.19 m 
 a −1  from 2015 to 2020, with pronounced differences 
between individual glaciers. Between 2000 and 2015, 
Gangotri Glacier thinned nearly twice as much as the 

neighboring Chorabari and Companion glaciers, which 
have thicker supraglacial debris that protects underlying 
ice from melting (Fig.  16 ). These glaciers experienced a 
signifi cant slowdown (~ 25%) between 1993 and 1994 and 
2020–2021, and only the Gangotri Glacier was active even 
in its terminus region during most observational periods.        

  Fig. 16       Field photographs of three Garhwal Himalayan glaciers:  a  
ablation zone of Gangotri Glacier (May 2017),  b  thick debris-covered 
ice (~ 1 m) in the ablation zone of Chorabari Glacier (October 2021). 
The orange circle shows ice axe,  c  thick debris-covered ice (~ 1  m) 
at the terminus of Chorabari Glacier (October 2011).  d  Thick debris-
covered ice and giant boulders (~ 3 m) in the ablation zone of Chora-

bari Glacier (October 2011).  e  Thick debris-covered ice and huge 
boulders (~ 2  m) in the ablation zone of Companion Glacier (Octo-
ber 2021). The orange circle shows the investigators’ presence, which 
can be used to estimate the thickness of debris-covered ice.  f  Thick 
debris-covered ice and ice cliff  ~ 1.5 km upstream from the terminus 
of Companion Glacier in the ablation zone (October 2021)  
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 The frontal retreat of Gangotri Glacier between 1935 
and 2022 was reported (Bhambri et al.  2023b ). This glacier 
receded by 1727 ± 51 m (19.8 ± 0.2 m  a −1 ) between 1935 
and 2022. The retreat of Gangotri Glacier decreased from 
2001 to 2006 (7.0 ± 4.0 m  a −1 ) compared to the previous 
observation (1980–2001; 21.0 ± 1.2 m  a −1 ) but increased 
about three times between 2006 and 2017 (21.9 ± 1.9 m 
 a −1 ). Furthermore, from 2017 to 2022, the frontal retreat 
accelerated by about 1.5 times (33.8 ± 6.7 m  a −1 ) com-
pared to the period between 2006 and 2017. 

 On 7th February 2021, a catastrophic mass fl ow in the 
Rishiganga, and Dhauliganga valleys in Chamoli, Uttara-
khand, was critically investigated by analysis of satellite 
imagery, seismic records, numerical model results, and 
eyewitness videos (Shugar et al.  2021 ; Sain et al.  2021 ; 
Mehta et al.  2021 ). The study reveals that ~ 27 ×  10 6  cubic 
meters of rock and glacier ice collapsed from the steep 
north face of Ronti Peak. The huge rock and ice avalanche 
rapidly transformed into a voluminous mobile debris 
fl ow that transported boulders over 20 m in diameter and 
scoured the valley walls up to 220 m above the valley 
fl oor. The intersection of the hazard cascade with down 

valley infrastructure resulted in a disaster. Sain ( 2022 ) 
highlighted the need to develop an AI-based Integrated 
Warning System (IWS) to mitigate glaciers/glacial-lakes-
related hazards in the Himalaya.  Tiwari et al. ( 2022a ) 
identifi ed seismic precursors i.e. the increase in surfi cial 
dynamics (Fig.  17 ), fi rst time, for more than 3 h before the 
2021 ice-rock mass avalanche, which led to an ongoing 
eff ort to develop an Early Warning System against Glacier 
hazards by establishing a network of hydrological, mete-
orological, seismological stations; real-time data transmis-
sion; analysis, modeling, and integration of data using AI/
ML for long term monitoring in Rishiganga-Dhauliganga 
glacierised basin that has a lot of developmental activities 
in downstream.        

 Tiwari et al. ( 2022b ) mapped 40 geo-thermal springs 
(GTS) in UK Himalaya, characterized surface and reservoir 
temperature, and evaluated their geothermal energy potential 
equivalent to 10,600 MW power. An attempt is being made 
for a pilot study in converting geothermal energy into elec-
tricity at one of the sites along with a synergistic program on 
generating geothermal-solar hybrid energy. It is suggested 
that the reservoir temperature of 100-150 O  C is suitable for 

  Fig. 17       Precursory tremors, observed more than 3 h. before the ice-rock mass avalanche at 10:30 h. IST  
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the Binary Organic Rankine Cycle (BORC) power plant and 
that between 70 to 100 °C can be used for space heating and 
balenotherapy. This will add tremendous value for providing 
Green Energy to the Char-Dham Pariyojana of the UK state. 

   Himalayan geothermal springs release huge amounts 
of carbon dioxide into the atmosphere 

 Carbon outflux from Earth’s interior to the exosphere 
through volcanic eruptions, fault zones, and geothermal 
systems contributes to the global carbon cycle that aff ects 
the short and long-term climate of the Earth. Himalaya hosts 
about 600 geothermal springs having varied temperature 
and chemical conditions. Their role in regional and global 
climate as well as the process of tectonic-driven gas emis-
sion need to be considered while estimating emissions to 
the carbon cycle and thereby to global warming. Scientists 
from WIHG investigated and characterized the gas emis-
sions from Himalayan geothermal springs, and found that 
these springs, which cover about 10,000 square km in the 
Garhwal region of Himalaya, show a signifi cant discharge 
of Carbon dioxide  (CO 2 ) rich water (Tiwari et al. 2020). The 
estimated  CO 2  degassing (removal of dissolved gases from 
liquids, especially water or aqueous solutions) fl ux is nearly 
7.2 ×  10 6  mol/year to the atmosphere. The study published in 
the scientifi c journal  Environmental Science and Pollution 
Research  suggested that  CO 2  in these thermal springs are 
sourced from the metamorphic decarbonization of carbonate 
rocks present deep in the Himalayan core along with mag-
matism and oxidation of graphite. Most of the geothermal 
water is dominated by evaporation followed by weathering 
of silicate rocks. Isotopic analyses further point towards a 
meteoric source for geothermal water. 

     Activity-6B: Hydrogeology-Himalayan Fluvial 
System  a nd groundwaters 

   Variation in the provenance of sediments & erosion rates 
in the Teesta River System 

 Geochemical and isotopic investigations were conducted in 
the Teesta River system to infer the provenance of the sedi-
ments and their controlling factors (Fig.  18 ). In the present 
study, the relative contribution from the various litho-tec-
tonic units of the Himalaya to the sedimentary budget of the 
Teesta River System (TRS) (a major tributary of the Brah-
maputra system) has been deciphered using the Sr and Nd 
isotopic compositions ( 87 Sr/ 86 Sr, ε Nd ) of bed sediments. The 
possible controlling factors for such observed sedimentary 
provenance have also been assessed. The discharge-weighted 
sediment transport amount has been translated into the quan-
tifi cation of the erosion rate in the basin. Results indicate 
that Lesser Himalaya is the dominant supplier of sediments 
in the Teesta basin with an erosion rate of ~ 1.7 ± 0.5 mm/
yr. Further, results show that  Tectonics govern the fi rst-order 
control in the sedimentary budget of the basin . The core sed-
iments appear to be dominated by LH derivatives (56 ± 10%) 
indicating that provenance has been constant since the mid-
Holocene. Further, high erosion along the rapidly exhuming 
Rangeet duplex  ( 3 ± 0.5 mm/y) and focused rainfall seem 
to be major factors generating sediments in the basin. The 
isotopic composition and major ions were measured to infer 
the nature of the weathering in the Teesta River system cov-
ering its drainage in the Sikkim and West Bengal regions. 
The results show that Sulfuric acid-mediated weathering is a 
key process in the Teesta catchment which may have impli-
cations for the Global  CO 2  budget.        

 The moisture dynamics and associated altitude eff ect in 
the basin were inferred based on Geochemical and isotopic 
analysis. Further, the dissolved Sr and  87 Sr/ 87 Sr were used 
to estimate the fl uxes to the Bay of Bengal (Brahmaputra 
River). These may be summarized as follows: (i) The dis-
solved Sr and  87 Sr fl ux to the Bay of Bengal (Brahmaputra 
River) are 1 ×  10 7  moles/yr and 7.1 ×  10 5  moles/yr, respec-
tively. It contributes only to 0.03% of the global riverine 
supply to the oceans; (ii) Evidences of early melting and 
Rainout Processes with rapidly increasing altitude contribute 
a larger proportion (35 ± 4) % for the isotopic variations in 
the Teesta basin. 

    Delineation of recharge zone for the Doon groundwater 

 Discharge along with stable water isotopes of solutes were 
used to understand the recharge mechanism, solute sources, 
and fl ow paths of some major karst springs from the Lesser 

  Fig. 18       Provenance of sediments in the Teesta River  
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Himalayan sequence around the Doon Valley. The results 
suggested that karst springs are moderate-to-highly mineral-
ized, and alkaline in character owing to their fl ow through 
carbonates. However, the dissolution of sulphate/sulphide 
minerals (gypsum and pyrite) present within carbonates 
results in hybrid water types. It is found that karst springs 
have varying isotopic characteristics with lower d-excess 
(< 12‰) similar to summer precipitation, suggesting their 
signifi cant recharge between July and September. Major 
recharge sources for Doon ground waters are linked with 
summer precipitation occurring at 2000 ± 500 m asl. 

     Activity-7:quantifi cation of strain accumulation 
and strain release rate along the MHT at diff erent 
time scales 

 A new tectonic evolutionary model for SW Tibet (Karako-
ram Range) was hypothesized. The increased uplift of the 
SE Karakoram range/SW Tibet in comparison to the Ladakh 
range was driven by two distinct tectonic processes over 
time, that is, delamination of Tibetan lithosphere and asthe-
nospheric upwelling in the mid-Miocene to late Miocene and 
underthrusting of the Indian lithosphere beneath Tibet since 
Pliocene. These observations of the underthrusting model 

  Fig. 19       GRACE-corrected secular trend of vertical (vectors) veloci-
ties of GPS sites in ITRF2008. The brown and blue arrows indicate 
uplift and subsidence. The inset shows the zoomed portion of the IGP 
and Central Himalaya with the locations of the GPS vertical veloci-

ties. The magenta color A-A  profi le line represents the fault-perpen-
dicular profi le. The yellow circle indicates the starting location of the 
MHT  
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since Pliocene are in good correlation with the continuous 
GPS measurements along the Karakoram Fault, which sug-
gest a low slip rate on the southern segment and no slip on 
the northern segment of the Karakoram fault support the 
model in which the Karakoram fault is considered a transient 
feature. Modeling of GPS measurements indicates a locking 
depth of 12–15 km for the southern Karakoram fault. 

 The GPS studies carried out in the Garhwal-Kumaon 
region show two NE–SW orienting low strain rate (~ 20 
nstrain/a) zones identified in Ramganga-Baijro and the 
Nainital-Almora, where large earthquakes can occur. Sur-
face locking widths are ~ 72 and ~ 75 km, where no signifi -
cant surface ruptures were observed for over a few centuries. 
GPS-derived vertical deformation after correcting the hydro-
logical eff ects utilizing GRACE observations suggests that 
the sub-Himalaya and IGP are undergoing subsidence and 
the surrounding areas show uplift (Fig.  19 ).        

 This activity is also involved in paleoseismologi-
cal investigations, which identified the first geologi-
cal imprints of the 1697 CE Sadiya earthquake at the 
Assam–Arunachal Border. Also, for the fi rst time using 
the Intensity Prediction empirical relations, the magnitude 
of an earthquake has been estimated in the Indian Hima-
laya. Excavated the fi rst paleo seismic trench at Mishmi 
mountain range and found the geological evidence of 
the 1950 CE Tibet Assam earthquake. Combined Ther-
mochronological and morphometric investigations of 
Mishmi Crystallines and Lohit Plutonic Complex suggest 
that the present-day topography of the Lohit Valley was 
formed ~ 2 Ma ago. 
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