Ansabi of Claciology SBT5pI2) 2017 adoi: 100100 Placyg 201727 110
i Ther Aasthowris) 200 7. This isan Ol A atic ks, distribadid wnder e birers of the Croati Akl I fabiprferat visoomimsna
arglcemaslng 4 00, which permats ennssnichnl seese, deirbaution, and epreduction s any 5 proevndind P o il waork = proparky Cibal.

Evaluating the contribution of avalanching to the mass balance of
Himalayan glaciers
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ABSTRACT. Avalanching is a prominent source of accumulation om glaciers that have high and steep
walley-walls surrounding their accomulation rones. These glaciers are typically characterised by an
extensive supraglacial debris cover and a low accumulation area ratio. Despile an abundance of sech
glaciers in the regged lamdscapes of the High Himalaya, attempts o quantify the net avalanche comtri-
bastion o mass balance and its long-term variation are almos! missing. We first disces diagnostic criteria
o identify strongly avalamche-fed glaciers. Sevond, we develop an approcimaie method o quantify the
magnitude of the avalanche acrumulation expleiting it expected control on the dynamics of these gla-
ciers. The procedure i based on a simplified flowline model description of the glacier concerned amd
We apply the method to three Himalayam glaciers and show that the data on the recent dymamics of
these glaciers are comsistent with a dominant comtribution of avalamches 1o the ol accomulation. As
a control experineent, we also simulate anotber Himalayan glacier where mo significant avalanche con-
tribution is expecied, and reproduce the recent changes in thal glecier without any additional avalamche

conbribiution.

Keywonds: Avalanches, detwis-covered glaciers, glacier mass balance, glacier modelling

INTRODMUCTHOMN

It is mather well established that avalanches ane a significant
contnbutor o the net acoumulation of ioe on many glacies
in the high-reliel Himalayan mountain range (Bern and
Lehmbkuhl, 2000y Bern and othess, 2003; Scherder ared
others, 201 1a; Nagai and others, 2004) However, the ques-
ticn of quartifying the avalandhe accumulation and it lorg-
tenm variability remairs largely unexploned incthe lieratee, §
a broader understanding of the mass-halamce processes in
the Himalaya as well a< in other glacienzed regions in the
wiwld wene to be achieved, a technique o addess this
issue must be developed. Such a development would be of
hedp, on one hand 1o get a deaser piciure of the recent cli-
matic response of the Himaleyan glaciers (Cogley, 2001;
Scherler and athers, 20011h; Kash and athers, 2002;
Gardelle ard oshers, 2013) and on the other hand o
predict their future evelution reliably (Marzeion ard athers,
2012 Immmerzes] and oshers, 20110,

A sinchastic and highly localised accumulation of smow
and ice on the ingooesible and often hazardows avalanche
cores along the walley walls (Fig. 1) males it difficult & dir-
ectly measune the avalanche contribution using standasd gla-
cidogical mass-halance techniques. Howeser, neglecting
this contribation would lead to a significant bias in the meas-
uremend of the mass balance. Therefore, standasd maruals
inr mass-halance measurement advise agains! choosing gla-
ciers where a stong avalanche activity is expeded (Kaser
and ofhers, M. This b a serious limitation a5 far as
Himalayan glacier ase concemed, whene avalanche contn-
huttions often play a dominant role. For exsample, Scheder
and others (20014 have demonsirated that in several
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regions af the Himalaya the fraction of strongly avalamche-
fed glaciers is quite significant. They anabyse three character-
istic indicalors of a strong avalanche activity: (1) high slopes
in the ice-catchment area, 12 a high percentage of ice-iree
catchment abowe the snowline, and (3 low accumulabion
area ratie (AARL Their data from a set of 287 glaciers in the
Himalaya armd Karakoram shoee that these chasacteristics
are indesd comelaled. In partioular, almast all the glacies
with a AAR <0.2 have a wery high perosniage of ice-des
catchmentt area above the snoadine and, shus, are likely 1o
b predominantly avalanche-fed ones. Such glaciers consti-
nte 18% of the all the glaciers studied by them in the
Western and Sowth-Ceniral Himalaya. This gives a ball
park estimate thal in these regions of the Himalaya: it is
likedy that a significant percentage of the glaciers (about
one in fivel are stongly avalanche fed Several models
hawe been developed to estimate the snow redistibution
due 1o grawitational processes, given the smowiall data and
the topography (Gruber, 3007 Bembarh and Schulz,
0] However, a sevicus lack of reliable snowfall data in
the glacierised high Himalaya (Viste armd Sortelssrg, 2005)
limits the applicability of such ook in estimating avalnche
conirbution to the mass balance of a specific glacier.
Moreover the ice-avalinche conbribution o the mass
balnce of reconstituled glaciers (Benn and others, 20d03)
wiolld mat e capsured by these methods. This necessilaies
an ahemate irdiresct method for estimation of avalanche
derived accumulation, possibly making e of available
glaciological data. We hypolhesise #hat the significant
avalamche accumulation exerts dominard control an the
olserved pattem of shrinkage in these Himalavan glaciers.
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ABSTRACT

The rock mass rating (RMR) and slope mass rating
({SMR) has been carried out to classify the slope in terms of slope
Iinstability. To understand the RMR and SMRE varlouws
peostruciural, geomorphologic and hvdrological parameters of the
slopes were measured and analyzed. 32 rock slopes/rock
cum debris slopes were entifled in the study area. The present
RME and SMR siudy Is an outcome of extensive fleld stndy
along a streteh of about 10 km on road leading from Srinagar to
Pauriarea along Alaknanda valley. The technique followed
Incorporates the relation between discontinuitles and slope along
with rock mass rating (RMR) and slope mass rating (SMR).
The analysis of the 32 studied slopes shows that in the
Gangadarshan area out of six rock slope facets, two falls in class
I (stable) and four in class [V (unstable). It is significant to note
that the slope facets coming uwnder class IV are comprised of
active landslide portlons. While the slopes under class 11 show
minor fallure or old landslide debris.

INTRODUCTION

The feasibility and preliminary design stage of any engineering
project, slope mass its stress and hydrologic characteristics, the use of
a rock mass and slope mass classification scheme are of considerable
benefit. This may involve using the classification scheme as a check-
list to ensure that all relevant information has been considersd. On
the ather hand of the spectrum, one or more rockmass classification
schemes can be used 1o build up a picture of the composition and
characteristics of a rock mass to provide mitial estimates of support
requirements, and to provide estimates of the strength and deformsation
properiies of the rock mass.

In the Alaknanda basin, evidences peraining to the landslide
darmming of the rivers are limited to the higher Himalayan ranges
around the Main Central Thrust (MCT) The zone of the MCT is not
only seismically active, buf also characterized by imtensive rainfall
zone. Away from the MCT towards the south, there is no evidence for
river damiming in the geological past.

Rock mechanics is considered as a modern engineering discipline,
hevever, as early as 1773 Coulomb, included results of tests on rocks.
Karl Terzaghi (1936) addressed first intemational conference on soil
mechanics and foundation engineering. Terzaghi { 1936) and Terzaghi
and Voight (1979), stajed that “the catastrophic descent of slopes of
the deepest cut of Panama canal issued a waming that we were
oversicpping the limits of our ability to predict the consequences of
our action”. During 1920 10 1958, Josef Stini published more than
theee hundred papers and was probably the first to emphaszize the
imporance of structural discontinuities on the engineering behaviour
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of rock masses. During the early part of twentieth century, scientists
and engineers from different diseiplines did some significant work on
behaviour of rocks. King {1912), Griggs (1936), Ide (1936), Terzaghi
(1945 ), Ramamurthy {2004 ) and M aithani (2007 ), worked on the failure
of peck materials.

Slope instability is the condition which gives rise to slope
miovements (Crozies, 1989). Instahility of slope represents the condition
in which the limit of stability redwces to zero. The slope stability
assesgment was carred out in the Alaknanda and Bhagirathi valley by
some workers {Mehrotra et al. 1994, Nainwal and Prasad, 20801,
Chakraborty and Anbalagan, 2008).

The basic outcome of the study is to estimate the rock mass rating
and slope mass rating of the various rock slopes present in the stody
area. Based on the RME, caleulation of slope mass mating, the various
slopes present in the study area has been categorised of slope in
termms of instability,

STUDY AREA

Administratively, the study area falls in the Pawri disirici of
Uttarakhand Himalaya.

It also falls in lesser Himalayan region along Srinagar-Pauri
(Alaknanada valleyy Garhwal Himalaya, Uttarakhand (Fig.1). The
investigated anea is approachable from Righikesh and Sanagar by road
(WH-119). The study area is bounded by 30.2112°N, TET654°E to
30.2009°M TR T4T7°E | covering a stretch of about 10 km length of
road section. Survey of India toposhest number 53 115 and 33 1716
on a scale of 1: 30,000 were used to prepare base map.

Geological Setup
The study area lics on the national highway-119. Geoalogically,

Chandpur phyllite region and specifically in the locality of the
Grangadarshan which is virgin area according o the RME and SMR
study point of view. The siudy of the RMR and SME of the area could
help in figuring out the stability categorization of the area.

METHODS
Rock Mass Rating (RMER) Study

The gec-mechanical properties of slopes were evaluated by rock
miass rating (RMR) system following 15, code 13363 Part 3 (1997).
The RMR is determined by adding the rating values of the following
parameters: (i) uni-axial compressive strength of the rock, (i) rock
quality designation (ROQD), (iii) spacing of discontinuities, (iv)
copdition of dizcontinuities and (v) groundwater condition.

The quantitative classification of rock mass provides not only a
basis for understanding characteristics of the different groups of rock
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Abstract Investigations have been carried out on Sukhna Lake catchment in the north-
western Siwalik Hills in the Himalayas, to estimate recent erosion rates and to assess the
impact of conservation measures on the erosion rate. The RUSLE model has been used
using data for the period of 2011-2014 and its suitability has been evaluated by comparing
its estimates with the observed bathymetric data. The model was found to estimate the
erosion rate with fair degree of accuracy. The average recent erosion rate for the catchment
comes out to be 3427 tha™' y'. The slope and steepness factor is found to have a major
effect on the erosion process in the catchment. About 56% of the catchment area is
observed to have high to very severe soil erosion rates. It is, however, observed that the
recent erosion rates in the catchment are significantly reduced compared to the erosion
rates in the initial years afier the construction of the lake. This significant reduction is
observed to be less due to the support practices of construction of silt detention dams and
terracing etc.. and more due to the cover management practices like extensive reforestation
and plantation undertaken in the catchment

Keywords Conservation practices - GIS - Remote sensing - RUSLE model - Soil erosion -
Sukhna Lake

1 Introduction
Erosion and sediment dynamics have mmportant implications on the sustainable use of

natural resources (Walling 20069). Soil erosion and its subsequent deposition in the water
bodies is one of the serious problems of many lakes and reservoirs, causing reduction in
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Abstraet: Black carbon aerosol plays a unique and important role in Earth’s elimate system to rise the average
global surface temperature, thus responsible for warming the globe. Black carbon (BC) is a type of carbonaceous
material with a unique combination of physical properties. These assessments provide an evaluation of black-carbon
climate forcing that is comprehensive in its inclusion of all known and relevant processes and that is quantitative
in providing best estimates and uncertainties of the main forcing terms: direct solar absorption, ice clouds and
accumulation of snow/ice over the Himalayan glaciers. Any changes in the total radiative foreing would lead to
drastic changes in the impact of BC aerosols over the glaciers and affect downstream flows of melt water streams
emanating from glaciers as well as micro-climatic condition of the terrain.

Keywords: Black carbon; Aerosols; Himalayas; Glacier; Climate.

Introduction

Aerosols enhance the back scattering of solar radiation
and lead to negative radiative forcing while the absorbed
Black Carbon (BC) aerosols lead to the positive effect.
Aerosol, the optically absorbing part of the carbonaceous
aerosols, is the major anthropogenic component of the
atmospheric aerosol system. It 1s one of the important
constituenis of ambient particulate matter, which
15 emitted into the atmosphere as a by-product of
combustion processes such as fossil fuels, forest fire,
industrial effluent ete. The increase in anthropogenic
emission would increase in aerosol loading, thereby
reducing the incoming solar radiation reaching to the
ground surface. These effects influence regional aerosol
radiative forcing (Nair et al., 2013; Haywood and Shine,
1997). Studies at high altitude sites in the Himalayas
are particularly important to understand their role in

*Corresponding Author

radiative forcing and, more importantly, the melting of
Himalayan glaciers, as these sites are also influenced
by BC emissions from a vanety of source locations
{Kopacz et al., 2011; Bond et al, 2013).

Concentration of BC vary in the clean environments
of the Antarctica, and high altutude regions. However,
observations of higher concentrations of Aitken particles
during the high Sun periods suggest generation of
nucleation mode particles by photochemical reactions
and thermodynamical processes. Low surface area
provided by the aerosols at high altitude regions and the
presence of high concentration of sulphate and di-methyl
sulphide (DMS) at high altitude regions in Himalaya are
proposed as possible source for generation of such ion/
particles/BC aerosols during High Sun periods. One of
the possible sources of BC in Himalayan region may be
transportation of polluted material through wind from
Indo Gangetic Plain (IGP).
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Abstract: Recent developments in dating applications for paleoclimatic reconstruction have highlighted the inherent
problems in dating of glacial environments. We have applied the Schmidi-hammer relative age dating approach on moraine
boulders of Mandakini River valley, contral Himalaya, India to establish the relative age dating constrain along with
published absolute chronologies, The chronologicallv constrained landforms of the Mandakini River valley represent the
four sets of glacial advancement and several set of glacial retreat phases. The Schmidt hammer rebound values (R-values)
were collected from 13 locations at different altinude, with 40 impacis on each boulder per site and a total number of 520
values, The average rebound (R J-values fior the Rambara Glacial Stage (RGS) are 37, Ghindurpani Glacial Stage {GhGS)
are 47, Garuriva Glacial Stage (GG5) are 56 and Kedarnath Glacial Stage (KGS) are 63, We have suggested that the average
rebound (RB) values of glacial stages are found to bein linear relation with the published Optically Stimulated Luminescence
(OSL) and Terrestrial Cosmogenic Nuchide {TCN) chronology, Considering the easy and economical nature of Schmidi-
hammer rebound (SHE) technigue, we are postulating that by generalizing the B-values for the rock types of glaciated
terrains, this can be applied to high and remote altitude environments where the suitable datable materials are difficult w
find. With an advent of that, we anticipate that such efforts can be another step for developing a acceptably accurate age
calibration curves to reduce the requirement of ahsolute chronologies in glacial environment.

Kevwords: Schmid! hammer, relative age dating, glacial chronology, central Himalava.
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Abstract

In India, groundwater is the major source for fulfilling domestic and commercial water requirements. Since groundwater levels
in various regions have been decreasing at a much faster rate in the last few decades. it has become important o delineate
potential new zones of groundwater to meet future requirements. The intermontane basins in the Outer Himalaya have the
potential to hold significant amount of subsurface water in a region that is currently water deficient. The present study dis-
cusses groundwater prospect zonation in the Soan Basin of the Outer Himalaya in Una District of Himachal Pradesh in India.
ASTER DEM, LANDSAT 8 satellite data and existing geological mapping of the Himalayan foothills were used o prepare
a groundwater prospect map of the Soan Basin. Various thematic maps incloding maps of geomorphology, drainage and
land use map were prepared using LANDSAT 8 Satellite data and a geological map of Himalayan foothills using ARC GIS
100, Watershed and slope maps were extracted from ASTER DEM with 30 m resolution. A groundwater prospect map was
prepared by overlaying the various thematic maps and was subdivided into five potential zones on the basis of potential dis-
charge conditions. These are: regions bearing very low [« 50 L per minute (LPM)]: low (50100 LPM): moderate ( 100—400
LEM); high (400800 LFM); and very high (= 800 LFM) potential zones of groundwater. The high and very high potential
zones are located in the central synclinal valley along the fluvial terraces, alluvial fans and piedmont deposits. The low and
very low potential zones lie in the hilly areas with high slopes and rugged topography cansing rapid downslope movement
of water, which results in less infiltration and consequently deeper groundwater levels with a low groundwater potential.

Keywords Groundwater - Himalaya - Intermontane basin - Remote sensing

Introduction

Groundwater is the primary source of water for human con-
sumption and is the major resource for fulfilling domestic
as well a5 commercial needs. Globally, more than 60% of
agricultural practices are dependent upon groundwater as a
water source (World Bank report 2012). Over the last few
decades, increasing agricultural and industrial demand for
water along with increasing urbanization due to rising pop-
ulations have led to the overexploitation of Earth's water/
groundwater. which in turn is affecting the water levelftable

= 5. K. Bartarya
skhararya @ gmail .com
' Wadsa Institute of Himalayan Geology, Debradun, India

Department of Geology, HNB Garbwal University, Srinagar,
Inlaa

and, thus, its availability. A number of regions in India have
experienced a trend toward a decreased availability of fresh-
water (Srivastava et al. 2012). Therefore, there is an urgent
need to map the regions having potential to hold substantial
resources of groundwater for future uses. Water prospecting
includes the identification of areas or regions which act as
potential aquifers. The yield of aguifers, however. depends
on the topographic and geomorphic features present in a par-
ticular region, geological and structural controls that might
influence groundwater movement. hydrogeological condi-
tions and potential recharge sources.

Since the water holding capacity of an aguifer is largely
dependent on the physical characteristics of rocks in the sub-
surface, an adequate knowledge of geology, seomorphology
and hydrogeological conditions in a given region is essen-
tinl (Srivastava et al. 2012). Regions that have steep slopes
and sparse vegetation usually reflect the scarcity of water
and low rates of groundwater discharge from aquifers. The
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Last Clacial Maxima

Monsoon fordng

Morthern Hemisphere cooling

Central Himalaya

Optically stinmulated luminescence dating

Thie study presents the Late Quaternary glacistion history ol monsson-dominated Dokriani Glacier valley,
Diegad basin, central Hirnalaya, India. The basin i tested for the mechanism of landlorms preservation in
high reliel and abundant precipitation regimes of the Higher Himalaya Field geomorphology and remote
sensing data, supported by Optical Stimulated Luminescence [(05L1) dating enabled identification of five
major glacial events of decreasing magnitude. The oldest glacial stage, Dokriani Glacial Stage | [DGS-1),
extended down 1o -8 km (2883 m asl) from present-day snoul (3965 m asl] followed by other Towr
glaciations events viz, DGS-1L DGS-10, DGS-IV and DGS-V lermnating at ~3211, 3445, 3648 and ~3733 m
asl respectively. The DGS-1 glaciation [~25—-22 ka BP) occurred during early Marine Botope Stage
[MIZ) -2, characterized as Last Glacial Maxirmum [LGM) extension ol the valley. Siouilarly, DGS-11 stage
[=1d—=11 ka BP] represents the global cool and dry Older Dryas and Younger Dryas event glaciation. The
DGS-1N glaciation (-8 ka BP) coincides with early Holocene 8.2 ka coaling event, the DES-IV glaciations
[~4—3.7 ka BP) corfesponds to 4.2 ka ool and drier event, DGS-V [~27—-1 ka BP] represents the cool and
mist Late Holocene glacial sdvancement of the valley. This study suggests that the Dokriani Glacier
walley responded to the global lowering of temperature and variable precipitation conditions. This study
alsy highlights the dode correlation berween the monsoon-dominated valley glaciations and Northern
Hemisphere cooling events influenced by North Atlantic climate.

i 7017 Elsevier Lid. Al rights reserved.

1. Introduction

the inherent factors of cimatically divisible topography, precipi-
tation, temperature and help to understand the mechanism of

Glaciers respond in terms of a shift in mass balance to the
climate system and provide a proxy to quantify the change at
regional as well as global scale (Yao et al., 2012). The reconstruction
of past glaciations/deglaciation patterns by obtaining the mean-
ingful chronology is an important tool to develop a possible theory
for glacial response to climate. The modern glaciation theories for
Himalayan-Tibetan orogen explain the climatic forcing and
magnitude of extension as cause and effect problem on the regional
and global scale (Owen and Dortch, 2014 and references therein).
The spatio-temporal correlation of glacial chronologies underline

* Correspanding author. Centre for Claciclogy, Wadia Institute of Himalayan
Gealogy, 33, GMS Eoad, Dehra Dun, 245001, Uttarakhand, india.
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glaciation in Himalaya (Egholm et al, 2009; Zech et al, 2009;
Kirkbride and Winkler, 2012; Ali et al, 2013; Owen and Dortch,
2014; Bisht et al, 2015} Although, the evidences preserved in
different valleys for Last Glacial Maximum [LGM; 18—24 ka) tests
the hypothesis for climatic fluctuations over space and time (Mix
et al, 2001; Zech et al, 2009; Scherler et al, 2011; Bali et al,
2013; Ali et al, 2013; Mehta et al, 2014). Nevertheless, an over-
arching explanation for inferred differences is proposed in terms of
climate system wvariables [temperature and precipitation; Zech
et al. 20097 The glaciation in Arid zones of the Himalaya is pre-
cipitation sensitive, and that in the humid settings are temperature
sensitive; while the transition climatic settings shows its sensitivity
for both precipitation and temiperature (Scherler et al, 2011; Mehta
et al, 2012, 2014; Dortch et al, 2013; Ali et al., 2013; Murari et al,
2014; Sati et al, 2014; Bishr et al, 2015; Kumar et al, 2017).
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Groundwater quality assessment of the Soan Basin in Outer Himalaya,
Himachal Pradesh, India

DIVYA THAKUR', S.K. BARTARYA™, H.C. NAINWAL®
'Wadia Institure of Himalayan Geology, Delradun 248001, India
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Abstract: The paper discusses the lonic sources and assesses the chemical quality of groundwater of the Soan Basin in
Outer Himalayan region of Himachal Pradesh for dnnking and imgation purposes through several water quality
assessment indices. A total of 205 groundwater samples were collected from tube wells, hand pumps and dug wells and
analysed for major ions. The ions are mainly derived from chemical weathering process occurring between water and
catchment Iithology comprising conglomerate and sandstone rocks of the Siwalik formation and locally altered by
anthropogenic activities. The water is hard to very hard in nature with total hardness as high as 468.3 mg/l. Further, WQI
shows a shight detenoration of water quality from pre-monsoon to winter season in the hill region. However the water
around the Una district falls under the category of good water. The electrical conductivity, %6 Sodium, Sodium Adsorption
Ratio, Kelley's Ratio and Magnesium Ratio indicate that the water can be used for irrigation under most of the conditions.
The majority of the samples fall under C251 and C351 categonies on US salimity diagram and good to permissible category
on Wilcox diagram. Samples with high sodium and calcium content along with high EC fall under C352 and C354 category
reflecting their unsuitability for irrigation in the pre-monsoon (PREM), post-monsoon (FOM) and winter season.  High
nitrate and sodium concentrations in the groundwater arc associated with fertilizers used to increase agriculture output.
Majority of the ions are present within the permissible limit of BIS, 2012 standards for drinking water indicating the
suttability of groundwater for dninking purposes.

Key words: Groundwater Quality, Outer Himalaya, Water quality indices.
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INTRODUCTION

The groundwater guality of a region depends mainly on soil
and rock characteristics of its catchment area, groundwater
velocity, quality of recharge water, anthropogenic activities
{agriculture, industry, urbanization and increasing exploitation
of water resources) and atmospheric inputs (Helena ef al. 2000,
Chan et al. 2001, Dudeja eral. 2011, Haque er al. 2013, Tiwari
& Singh 2014, Machiwal & Jha 2009, Choudhary et all 2016,
Tolera er al 2017). Further, pollution and water quality
degradation interfere with vital and legitimate water uses at
every scale varying from local, regional, and global {Meyback
et al. 1987). While considering the water for irrigation, excess
or scarcity of some nutrients and ions mainly Na', CI, Mg™
etc. in water adversely affect the composition, structure,
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permeability and porosity of soil and ultimately the crop yield
and the excess of Mg™, NO,, Ca™"and $0," ete. and presence
of Total coliform and E-Coli in drinking water lead to many
health problems in humans.

Although several studies on water quality issues have
been carried out in different parts of the country (Shankar ef al.
2008 Avtar ef al. 2013; Samanta ef al. 2013; Choudhary et al.
2016), studies from the Himalaya are limited because water
from Himalayan region is considered as pristine. However,
reports of deteriorating water quality from MNepal and
Uttarakhand regions of the Himalaya (Jenkins 1995; Bartarya
1995; Dudeja er al. 2011: Bartarya & Deoli 2012; Deoli ef al.
2017y and declining water table and deteriorating water
quality of the aquifers along the Ganga Basin (Misra, 2011)
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Estimation of ice thickness of the Satopanth
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Total volume of stored ice in the Himalayvan glaciers is
an important quantity for water resource manage-
ment of the Himalayvan catchments. However, direct
measurement of glacier-ice thickness is rare in the
Indian Himalava. We have estimated the ice thickness
of the debris-covered Satopanth Glacier (SPG) using a
ground penetrating radar (GPR) Multiple bistatic,
unshiclded antennae with frequencies of 16, 20, 40 and
80 MHz were wsed for this purpose. We have done
GPR surveys at varions locations over the ablation
zone of SPG. However, satisfactory results were
obtained only on two transects. Near the glacier snout,
a transverse GPR profile shows an ice thickness of
IB£3550%35m. We have obtained 98+ 7-112 %
Tm ice thickness at a longitudinal transect in the
wpper ablation zone. To measure the speed of the
radar waves in ice, 3 common midpoint survey was
carried out. Qur results for the speed of the electro-
magnetic waves are slightly lower than the standard
values of such waves through pure ice.

Kevwords: Common midpoint survey, debris-covered
glaciers, ground penetrating radar, ice thickness.

Iniroduction

Twue Himalayan cryosphere forms a huge reservoir of
freshwater. However, the volume estimates of ice are cur-
rently uncertain, ranging from about 2300 to 6300 km’
(refs 1, 2). This large uncertainty is partly due to the fact
that ice thickness cannot be measured directly by remote-
sensing techniques and is estimated using a variety of ap-
proximate maodels® . 1t is, therefore, important to perform
direct field measurements of ice thickness for individual
glaciers. Such data would help in better calibration and
validation of the models, potentially leading to more
accurate estimation of the volume of stored ice in the
Himalaya. In this study, we estimate the ice thickness of

*For correspondence. (e-mail: namwalfl i@ gmail .com)
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the Satopanth Glacier (SPG), Central Himalaya, using
ground penetrating radar (GPR) survey.

GPR is a well-gstablished technique to study subsur-
face features™ . In the bistatic configuration that we have
used for our surveys, pulses of radio waves are generated
and transmitted by the transmitter antenna. The pulses
propagate through the medium and generate reflections
from subsurface inhomogeneities in the refractive index.
These reflected signals are detected by the receiver
antenna and are recorded as a function of time The
spatial pattern and depth of the subsurface features that
cause the inhomogeneities can be reconstructed by an
analysis of the measured delays in the reflected signals.
In the context of a glacier, the reflectors could be engla-
cial features like embedded boulders, crevasses, subgla-
cial ull, 1ee-flow features and the bedrock. The bedrock 15
distinguished from other englacial features by the fact
that it is a spatially continuous reflector, unlike other
localized objects. The resolution and penetration depth of
GPR are determined by antenna frequency and electro-
magnetic properties of the surveyed materials’. Due to
high rates of signal attenuation, penetration depths are
greatly reduced in ice with high water content. The higher
the electrical conductivity of the melt water, the stronger
i5 the dissipation. Both these issues lead to serious diffi-
culties in GPR studies of the Himalayan glaciers, more so
for the debris-covered ones.

[ce-thickness measurements by GPR are sparse in the
Himalayva. In the Indian Himalava, possibly the first
attempt to estimate thickness was made on Dokriani
glacier of Central Himalaya using a 12.5 MHz central
frequency antenna'®, The ice thickness of this glacier
calculated by GPR survey ranges from 15 to 25 m near
the snout to 120m m  the accumulation zone.
lee-thickness measurements of this Patseo and Samudra
Tapu glaciers in Chandra-Bhaga basin of Western Hima-
laya were made wsing 50, 100 and 500 MHz frequency
antennae’’. The depth of the Patseo Glacier at one
location was estimated as 40 m, but e thickness of the
Samudra Tapu Glacier could not be measured using 50
and 100 MHz frequency antennae GPR profile on a
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Abstract

The present research aims to identify sources of ions and factors controlling the geochemical evolution of groundwater in an
intermountain basin, comprising hill and valley fill region. of Outer Himalaya in Himachal Pradesh, [ndia. The groundwater
samples collected from 81 wbewells and handpumps are analyzed for major ions, trace metals and stable isotopes (5'0 and
800). Geochemically the dominant bydrochemical facies in the Una basin are Ca-HCOOy, Ca-Mg-HCO, and Na—Cl types at
few locations. A relatively lower wonic concentration in the valley fills indicates dilution and low residence time of water to
interact with the aguifer mass due to high porosity and permeability. The ionic ratios of 0.9, 0.8 and 3.8 to 5.7, respectively,
fior (Ca + Mg): HCOy, (Ca+ Mg): (HCO, + 50,) and Ma: Cl, suggests that ionic composition of groundwater is mainly con-
trolled by rock weathering of, particularly by dissolution/precipitation of calerete and calcite hosted in rock veins and Ca-Na
feldspar hosted in conglomerate deposits derived from the Higher and Lesser Himalaya during the formation of Siwalik rocks.
Although Na, K, WOy and 50, are introduced in the groundwater through agricultural practices, Ma has also been introduced
through ion exchange processes that have occurred during water-rock interaction, as indicated by negative CAl values. Factor
analysis further suggests three major factors affecting the water chemistry of the area. The first two factors are associated
with rock weathering while the third is anthropogenic processes associated with high nitrate and iron concentration. High
concentrations of Fe and Mn jons that are exceeded that of WHO and BIS standards are also present at few locations. The
recharge of groundwater in the Outer Himalaya is entirely through Indian Southwest Monsoon (ISM) and depleted ratios
of 8"5W&L in valley region indicate infiltration from irrigation in recharging the groundwater and fractionation of isotopes
of precipitation due to evaporation before infiltration. High d-excess values and inverse relation with "0 are indicative of
sevondary evaporation of precipitation during recharge of groundwater.

Keywords Intermountain basin - Owter Himalaya - Groundwater - lonic sources - Geochemical evolution

Introduction through undergoing anthropogenic processes. Depending on
the geology of an area. the spatial and temporal variation in

The variation in the groundwater chemistry in a region s the hydrochemical composition of groundwater is impacted
greatly influenced by the geological background (e.g. rock by various factors such as mixing. precipitation, dissolution,
property. mineralogical composition, etc.) and secondarily  etc. (Domenico and Schwartz 1998; Nwankwola and; Udom
2001} Thus, a probable direction of groundwater movement

. ) ; can also be dentified through the spatial distnbution of the
iﬂ;,::P;E:r:r:mmfﬁr;::h;;r?ﬁ::iﬁr chemical constituents of groundwater (Kumar et al. 2006).
supplementary maleral, whach s avanlable o anborized users The g,tﬁl:‘h.tl‘l‘.l:iEEIJ and 'I.'iﬂ{npil: indicators have been 'l.l.':idl:]!."
used to identify the lonic and recharge sources of groundwa-
ter and interaction between groundwater and surface water
(Yuko et al. 2002; Yang et al. 2012a, b). In addition, the

1 S K. Bartarya
skbararya @ grmail com

U Wadia Institute of Himalayan Geolosy, Debira Dun, India relative concentration of major 1ons in groundwater from
!  Depariment of Gealogy, HNE Gasbwal University, Srinagas, different agquifers can provide information about the geo-
Innddia chemical reactions occurring within the aquifer mass and the
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Stability analysis of rock cut slopes along the Minas road between
Ichhari Dam and Minas Bridge, Tons valley, Garhwal Himalaya
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Abstract: Slope failures are common in Himalayan terrain. Highways become more valnerable to slope failures dwe to road
cutting and widening, expansion of towns and markets setiled along the highway, erogion and foe cwiting by large rivers and
their iributaries etc. The present siudy incorporates detailed geological mapping and delinezation of weak zomnes prone o
slope failures along the Mikas road beraeen lehhari Dam and Minas Bridge. Slope stability analysis of a number of slopes
along the Minas road has been carmied out. Stdy of joints was carried owt at 63 locations along 40 km road section of snedy
arca. Slope Mass Rating (SME) was calculated on a number of outcrops exposed along the road cut slope. Kinematic
analysis by Markland's Method has been utilized o decipher the possible mode of failures and their directions. Considering
the similarity in lithology and onientation of joints, the road section has been divided info fen sectors to identify the role of
struciural discontinuity in weakening of rocks and slope failures.

Kevwords: Slope stability, Slope meass rating, K inematic analysis, Tons valley.
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INTRODUCTION

Landslide activities are intimately associated with the
tectonically active Himalayan Mountains (Sarkar & Kanungo
19495; Rautela & Thakur 1999; Namwal & Prasad 2001;
Anbalagan et af. 2008; Ummao et al. 2011; Chauhan ef af. 2010;
Singh er al. 2015; Gupta & Tandon 2015; Asthana & Sah 2007).
Slope failure is a natural process in hilly terrain but the human
intervention has made it more complex, frequent and instance.
According to the Schuster (1996), the trend is expected to
continue in future also due to increased unplanned urbanization
and development, continued deforestation and increased
regional precipitation. Heavy and prolonged rainfall causes the
over saturation of slope material and increases erosional power
of streams. Slopes which are stable today may be unstable in
future due to natural and anthropogenic activities operating

over the slopes.

In the past two decades, Okhimath landslide in
Mandakini valley ( Sah & Bist 1998), Phata Byung landslide of
Mandakim valley {(Naitham er all 2002; Chawdhary &f al
2010y, Kahasaur landshde, Alaknanda valley (Naimwal 2002},
Budha Kedar landslide in Balganga valley (Sah ef af. 2003),
Varumawat landslide in Bhagirathi valley (Gupta & Bist 2004),
Agastyamuni landslide in Mandakini valley (Rautela & Pande
2005), Malpa rockfall in Kali valley (Pant & Luirei 2005),

i)

natural hazards in Alaknanda valley (Josh & Eumar 2006),
landslide in Pithoragarh district (Sarkar & Kanungo 2000),
Amiyan landslide Kathgodam, Uttarakhand (Singh er af
2013) and landslides in Asi Ganga valley. Uttarkashi (Gupta et
al. 2013; Martha & Kumar 2013} have devastatingly affected
the Uttarakhand.

There are several approaches of slope stability analysis
like analytical and kinematic, physical and numerical
techniques. Slope mass rating (SMR) technique is one the
most adequate and widely used technique proposed by
Romana (1985). SMR is based on the rock mass rating { RMR )
technique (Bieniawski 1979). In the present study, stability
analysis of rock cut slopes is camried out using the SMR
approach (Romana 1985).

STUDY AREA

The study area is located between latitude 30°35'46"-
30°46°55"N and longitude 77°41°12°-77°4925"E (Fig. 1).The
study area lies along the right bank of Tons River along Minas
road between Ichhari Dam and Minas Bridge in Dehradun
district of Uttarakhand. This part of study area falls in the
Survey of India Toposheet No. 53F/10, 53F/14. River Tons is
one of the largest tributaries of river Yamuna draining in the
study area. The arca has temperate climate with warm summer
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General Geomorphological Field Observations around Satopanth
Glacier Area, Garhwal Himalaya, Uttarakhand
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Abstract: Upper Alaknanda valley from the head wall of Satopanth glacker, till village Mana houses disting
geomorphology which is fall of glacical, glacko-fluvial and peri-glacial features. Sianing froms willage Mana a distine U-
shaped valley i obeerved. the valley wall has a sharp conmct with the glacial rough line malking vertical cliffs over which
there are hanging valleys from which waterfalls pour tveir water mmio the valley floor. The rosgh Bne roughly denotes. first
glacial sdvancement siage of the valley. Moving further in the valley various features ke flivial terraces are obeerved
along the river bank concealed under thick vemeers of slope wash material forming wmbus fans throwgh which river
Alsbnanda has carved & Veshaped swalley. The glacier ot wash plain is filled with ematic bowlders and other glaciogenic
material like terminal and recessional moraines. The erosional and depositonal features in this area indioole two more
glacial advancemenis m this area. Further the valley takes sharp left tom with relatively sieeper slope of 200- 3080 m afier
which snout and frond of Satopanth glacier an be observed. Besides this numenous other features like Imeral moraines,
recessional moraines, supra-glacial morines, ablation valleys, lsieral basins, supra-glacial ponds, pro-glacial lake, loieral
basin lakes, crevesses and Patterned ground eic., are observed which were formed due 1o various glacial and peri-glacial
activities.

Ky Words: Ceomarpiology, Smopaml (elacier, Crarfnual Himelaya

Introduction

Snady area lses m the upper Alaknanda basin in Chamoll dstnct, Utarakhand Himalayva, The major portion of
study area falls in the Survey of Indm wpographic map no. 53M/5, 53M6, N and 5 located between latmude
30°42°55-30°50°32"'N and longimde 79°13°55°.79°20°40"'E (Figl). Satopanth glacker has five major
tribulary glaciers namely Lun Bamak, T1. T2, T3 and T4 glaciers, of these Lurt Bamak meets the trunk glacer
al the lefl bank wherss T1LT2, T3 and T4 meel the trunk glacier al the right bank. Satopanth glaceer (SPG) and
ilx adjoining Bhagirsth Khamk (BEG) glacier are the sources of nver Alaknanda and rover Litargansa
respectively. both of which meel spproximately 1 km downstream of Satopanth glscier just before Alkapun,
from where the river 5 known as Alaknanda. From Alkspun after ravelling -8 kms Biver Alaknanda meets
River Saraswali al Keshav Prayag near Mana willage. The upper Alaknanda walershed covers an area of 23435
km’ out of which 7070 and 107.22 km® are covered by Salopanth and Bhapmrath Kharak watersheds
respoecirvely.

The E-W trending SPG and BKG are approsimately 13 and 185 km long with an average width ol 750-850 m,
covering an area of —19.0 and 31.0 km® respectively. The gradient of SPG ((.152) is comparatively higher than
that af the BEG glocer (00 143) (Mamwal et al. 2008 & 2006) A linear ridge known as Balakun divides these
twio glacier trough and ends abruptly towards the sadern end near the junction of the lateral morame of these
twio glaciers al Kumaling The snouts of SING and BKG glaciers are located at an altitude of around 3860 and
3760 m asl respectively. Both of these glaciers emerge from the sstern slopes of Chaukhamba group of peaks.
The Pawegarh nidge (5288-6165 m asl) marks the northern boundary of the upper Alaknanda basin and 15 a
waler divde belween Alaknanda and Saraswal catchments, Milkamh (85396 m ul_r— Chawkbamba (7138 m ul_r
rdpe = the southern boundsry which divides Alaknands calchment from Rishiganga and Mandakmi
calchments. The Chaukhamba (~6288—T138 m asl) on the west, davides Alaknanda calchment from Bhagirmthi

Greology
Geologacally, the sdy area [l under Higher Himalavan Central Crystalline Zone, described as Himadri
Complex. Lithology of the area is dominated by calc-silicate with sillimanite-kyanite-gamet-biotite gneiss and
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Estimation of the total sub-debris ablation
from point-scale ablation data on a
debris-covered glacier
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Abstract

Glacilogical ablation & computed from point-scale data at a few ablation stakes that wre uscally
segressed as & function of devation and averaged over the area-clevation distribation of & glacer.
This method is contingent on 4 tight contrel of clevition on Jocal shlation. However, i debeis-
covered ghaciers, avitematic and eandons spatial variations of debeis thickness ssodify the ablation
raes. We propose and test & method to compute sob-debeis ablation where stake data are inter-
pokaed as a fanction of debvis-thickness alone and aversgad over the debwis-thickness distribe-
tion @ different parts of the glacier. We apply this method o Setapanth Glacer located in
Centeal Himalaya utilising ~1000 ablatices measurements obtained froms 4 network of wp o 56
stakes during 2015-2017. The estimated mean sub-debais sblation ranges between 1.5202
17403 con 47", We show that the debris-thickness-dependent regression describes the spatial
variabdity of the sub-debris ablation berter than the cevation dependent regression. The uncer-
tadnties in sblaion estinsges due 10 the corresponding uncertaintics in the mseasurement of abla-
tion and debris-thickness distribution, and those due %o imerpolation procedures are stisated
using Momte Carlo msethods. Possible biases due to a finite namber of stakes used are abo
investiygated.

Introduction

Extensive supraglacial debris mantle an the ablation zoee modifies glacler respoase 1o climate
forcing (Scherler and others, 201 1 Nuimuea and others, 2012; Banerjee and Shankar, 2013
Gardelle and others, 2013; Brun and others, 2017; King and others, 2018). The supeaglacial
debeis layer medistes the melt-energy supply 10 the ice-surface underneath. A thick debais
Liyer inhibits melt by the ice, wheress a thin-debris layer increases melt due 10 2
Sower albedo (Ostremn, 1959; Collier and others, 2014). However, in the limit of a very thin
debeis layer (2 cm), increased evaporation reduces the emergy avallable for melting
(Collier and others, 2014) leading 10 & decline in ablation (Ostrem, 1959). Supraghacial debris
advects with the ice flow, and the debris kiyer generally thickens down-glader as the ice vel-
ity declines (Benn and Lehmbkuhl, 2000; Kirkbride and Deline, 2013 Anderson and
Anderson, 2016). This thickening of debris layer causes a systematic reduction I ablatica
rate dows-glacier, even though elevation decreises. This s in contrast with the down-glader
increase i ablation which & typically seen oo debris-free glaciers (e.g., Oerlemans, 2001). The
resultant inverted mass-balance profidle on the debwis-covered ablation zome has profound
Implications on the evolution of a glacier under & warming climate (Banerjee and Shankar,
2013). The maost striking festuee of which Is & decoupling of length and mass changes of
the glacier right after the warming starts: & thickly debwis-covered glacier initially loses miss
mostly by thisning, even as its length remains steady over a period of stagmation that may
span several decades (Nalto and others, 2000; Banerjee and Shankar, 2013). A combinatica
of a show evolution of the ie-flux patterns under the climate foecing and low meht rates
beneath the debeis cover are respansible for the formation of the stagnamt tongue. Beyond
this the period of stagnation, & relatively high net mass-loss rate is expected on debwis-covered
glaciers (Bamerjee, 2017). With an extensive clad debets cover over 0% of the totad ke
méss In the ablation 20ees of several regions in the Himalaya-Kamkoram {Kraaljenbrink and
athers, 2017), the above-mentioned debris effects have keft strong impeiats in the recent ice-
Soss pattern in the Himalays (Schedder and others, 20112; Nulmura and others, 2012
Banerjee and Shankar, 2013; Gardelle and others, 2013; Brun and others, 2017; Kieg and
others, 2018) and may crucially impact #ts futuee evalution as well {Kraatienbeink and others,
2017

The smooth down-glacier increise in debis thickness, and the comespanding decline of the
surface ablation rate as discussed above, provide only a first- oeder description of the debuis
effects (Benn amd Lehmkuhl 2000; Scherfer and others, 2011k, Banerjee and Shaskar,
2013). The rode of several other complicating factors, eg., the presence of sumerous thenmo-
karst poads and cliffs that increase docal melt rate (Reymolds, 2000; Sakai and
others, 2000. Miles and others, 2017}, vertical and horizontal vasiations of the thermal

onkae by C



I. Earth Syst. Sei. (2019) 128:175
hittps: / { doi.org/ 10,1007 /51 2040-019-1198-2

@ Indian Academy of Sciences

Pan coeflicients for estimating open-water surface
evaporation for a humid tropical monsoon climate
region in India
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Pan coefficients have been developed for the Sukhna lake region in Chandigarh, India that has a humid
tropical monsoon climate, using the optimisation technigue for annual, monthly and seasonal time scales.
Evaporation estimated using the Bowen ratio energy budget method has been considered as actual evap-
oration. Results show that the pan coefficient for the study area varies significantly both by month and
season. The month-wise variation is in the range of 0.72-1.40 and the seasonal variation is in the range of
01.81-1.16. Pan coefficients obtained nsing varions existing models such as Cuenca, Snyder, Modified Sny-
der, Pereira, Orang, FAOQ-56 and Wahed-Snyder have also been compared with the developed coefficients.
Comparative analysis indicates that the pan coefficients obtained nsing the Soyder model overestimate
evaporation significantly, while the rest of the models significantly underestimate evaporation. The study
concludes that the developed pan coefficients are observed to estimate the open-water surface evaporation
with a falr degree of accuracy for the study area while the pan coefficient value of 0.7 being used by maost
field organisations in India give high errors. However, since pan coefficients vary spatially due to the varia-
tion in the relative significance of various meteorological parameters, the pan coefficients developed in the
present study need to be further evaluated for their suitability to other similar elimatic regions of India.

Keywords. Chandigarh: Class ‘A’ evaporation pan; pan coefficient; BREB method; monsoon elimate;
open-water surface evaporation.

1. Introduction

A pumber of lakes in India have been [acing
water scarcity problems in recent times. Watershed
management practice, such as the construction of
silt detention structures to arrest erosion in the
catchment, is one of the main reasons for this
water scarcity. This is becanse, these silt deten-
tion structures also act as water-storing structures,
thereby abstracting water in the catchment and
not allowing it to Aow to the water bodies, as

in the case of Sukhna lake in Chandigarh, India.
As mest of these water-retaining structures are
very shallow water bodies, quite often shallow
sheets of water, evaporation losses from them could
be very significant. As such, it is important to
understand the impact of evaporation losses from
such structures on the run-off from the catch-
ment, which in turn determines the inflow regime
of the lakes. Knowledge of evaporation losses
from such shallow water bodies is, therefore, very
important.

1
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Geochemistry and geodynamic setting of Paleoproterozoic
granites of Lesser Garhwal Himalaya, India
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Abatract

Thia graniile and gne bsas rocks aro wall espoesd wownd Toneda, Tilwara and Chirtstbhakial reagion in the Lisser Gartesal
Himalayn have kss shodied winidh corsidaer a5 Palsopralencecic age. The granites from Toneia area oro classified a5 K-rich
paraluminous graniie with ke MaD varies from 374 o 24 wit® and high K0 oonbent saries from 5.0 90 691 Wik The
avarade A0, (127 wtR) Intha granits & graater tran the toeal alkalies (N3, 0-80 = A TAT wil¥), the T, conderd & s
rareginag frowm 01 to 028 wi. % In Eha Y+ Nb = R ¥ = BB, Ta < Wi = Rb and Wi = Ta disorimiration diagram of Poarco &1 al
{1RE] shoss thal ihex Toneia graniies mostly plos within tha syn-coll s on graniie Medds. This s typical collisional granite

Kyaerde: Faleopentaroenis granite, Garhswal Himalaya, syn-collision granite, gacchmamic saiting, Lewser Himaloym

1. introduction
To Gramites have provided & constant focus for controversy amang geologists on account of thelr inherent
diversity and their association with wide spectrum of geological phenomenon since the beginning of

geology in the modern sense which can be arbitrarily judged to date from 1838 with the publication of Lyells
“Principbes of Gealogy” [in Islam et al., 2005].

The Himalayam mountain belt has evoheed due to the collision of the Eurasian and Indian Aates and extends
alang an arc having & comeexity bowards south (Pairiat and &chache, 1984]. 1t messures for about 24600 komiin
=ngth with a width of about 320 km. The Hirmatrys is broadby classified as i) Swb. Himaibsys, i) Lesser Himalays
i) Higher Himalzya, iv) Tethys Himalaya, and v] Trans Himalaya (Fig. 1a) Lesser Himalksyan sequence is
segarated from the Higher Himalayan crystalline by a deep seated fectonic lineament called bain Central Thrust
[MCT: Heim and Garsser, 1939} Fuchs and Sinha (1978), Sinha (198%), Thakur (1942, Garsser (19%3) and
Sakbani (19943 suggest that the BMCT is mat a simgle thrust inm the Garbraal region. but composed of thres tectonic
planes e KACT-1, <N and =il developed by the duplex mechanism of thrust tectonics (Fig. 1b; Saklani = al,
1991 | The extenshve work af Valdiya (1930} from Eumaon Himalaya show that several Paleoproferozoic granites
bodies ooour in Lesser Himalayan seguence and it found all along the 2000 km Himalayan belt starting from
Besham in Swatl valley (MWW Himalaya) to the Bomdila gneiss in the NE Himalaya (Islam et al., 505 Phukon et
al, 2018 and references therein). The granites ooccurring in the Himalkeya are classified in o four groups (Islam et
al, 2008): i) Profterozoic granifes (2200 - 1300 Ma; 1400 - 125 Ma; from Lesser and Higher Himalaya), i) Earby
Palenzoic gramites (600 - S00 Ada), iiil] infrusive phases of Ladakh plutonic complex (102 © 2 baand 42 - 30 ka)
and iw) Tertiary leucogramites {30 - 12 ba).

Granitic greisses and granitic augen gneisses exposed in the Lesser Himalayan zone hoee extended 2
Proferoenic ages (2200 - 1800 bx Table 1) These rocks from Lesser and Higher Himaksya are comsidering as part
af the peninwuilar Indla, and the cocourrences af granites from Lesser Himalayan sequence are well exposed in
Himachal and Garbwal - Kumaon regions (Sakland et al., 1991; Saklani, 1993 Singh ed al, 1998). The Outer
Himalaya and Indo-Gangetic plain formed. after eroded moderial from Higher Himalaya during Himalaygan
arogermy, iowands south of Lesser Himalaya

Bishra, 5 et al KGEET Sp ol 04 o 02- 202009 o
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Chemical composition and isotopic signatures of ice and snow
over a Himalayan Glacier (Satopanth) in India
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Abstract

This study reports the chemical composition and isotopic signatures of snow and ice over a Himalayan Glacier in India.
An observational campaign was carried out from September 22, 2016, to October 2, 2016, over Satopanth in central
Himalaya. The pH value of ice and snow, respectively, was 5.6+ 0.4 and 5.9 +0.35 over the glacier, indicating moderate
acidity of the glacier components. Calcium (Ca®") was the dominant component in snow (35.2%), while sulfate (S0,%")
was dominant in ice samples (52.7%). The neutralization factor was estimated to find the extent of neutralization of acidic
fractions by basic components. It is found that Ca®* was the prominent neutralizing factor both in snow and ice over
the region. Oxygen and hydrogen isotopic analyses of snow, surface layer ice and debris-covered ice suggest that the
moisture source is common for all three components. 8D and d-excess values of snow at Satopanth are different than
that of those for Chorabari, Dokriani and Tiprabank Glacier, indicating the plausibility of different sources of moisture
for these glaciers. Limited observations suggest that the interaction of ice with the debris has no impact on the isotopic
signatures of the ice over the region; such non-alteration of isotopic signatures makes the region important for ice core-

based paleoclimatic studies.

Keywords Himalayan Glacier - Chemical composition - Snow and ice - Isotopic analysis

1 Introduction

The melting and retreat of glaciers due to global warm-
ing have been a major issue in the Himalayan region.
Even though major portion of the glaciers in Himalaya
are retreating, some portion are remaining stationary
or advancing [3, 27, 39]. The dust particles present over
glaciers have significant effect in controlling the glacier
retreat. It is shown that the high loading of dust works as
an insulator and moderates solar heating of the under-
lying surface [9). The chemical composition of snow and
ice over glaciers indicates the essential minerals and salts
present in the glacier, which can account for the climatic
and environmental changes [4]. The ionic deposition over

glaciers are mainly contributed by circulation patterns and
activities in the local environments [24]. Many glaciers in
central Himalaya are featured with the covering of soil and
stone debris over the ice surface. The climate responses of
debris-covered glaciers are poorly understood [3]. It is sug-
gested that debris-covered glaciers can withstand glacier
retreat by 45-50% more as compared to the bare glaciers
[3]. Since the last century, a number of attempts have been
made by several investigators to study the various glacio-
logical aspects of the Himalayan Glaciers (e.g., [6, 12,17,
20, 23, 27-29], etc). However studies on ionic composition
of snow/ice observations are limited, as most of the stud-
ies are oriented in the geological perspective over central
Himalaya. Hence a campaign mode study was conducted
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Absiract:

Cllgcesrs are the anbcalor of pesl, pessest and fulse
cllimatic coditions of the glebe. Nowslays, the eanh =
puscang fleough the phice of wormeng therefose, 4
superily of the glacuen ane reiseating logether including
Himalsyes glicen. Teksg o lsson Som e 2004
magedy of Eedarsel, wdies of e glcs rereal and
oedsogienl lursdi afe agmlican and necssary. The
seiveal of the glacwess saght ciies 4 sasmboast thieal
e downsiream areda. As an exssple, the Beod of 2004
filong Kool & wrduney of Alikmanda) complerely
disiggiend The Vishrsprayvag Inpdroclecine powes pemscls
bevaied ar Hisiiman Chat anes of the valley. This, the
el Sudy i bees fovised on the thies major glicsrs
of Unsswdthand vz, Tipra, Blagsyu Bank, and Panpanya
pleciers. These three glacics e locled in the Upper
Alakanands Baun, Chamsh disinet is the Unesakhand
state of lndia. Geeabegpeally, the s 1 bownded by Buh-
rade melsmorplic fodks Wheh are dlso kSowm as
Himadars Complex. Dusing the course of saaly, varies
e and maps wese geb-relemaiosd and pEocemal
uming e N sofware. Sureey ol India (500} toposheer
(19962 has Been used o g Bbese mag. Spoul relweal and ares
vissiliad has been caloulaied wilk the halp of 1962, 501
oo and Googls Eaml's inages 2005, The smidy
reveals it in Whe 43 pesss | 1962-2005), Tipia bank
lescier viscarsd s oo ol 0061 g los asd 15 average rale
of retreal found o be 1336 mty. Moresver, Bhagna
Hoskl sl Pargaliya glaceers viscaiosd an ares of D064 &g
om0 35 . o whi b thie evesage e ol nores Toumd
R B T4 oy amadl 37 56 s’y pespectvely s the perod
o 1962-20005 (43 years).

Keywords: snowi reiresi, area wocated, naiwml
harards, pro=glacial ke, sopra-glacial lake.

L. Indrodwction:

{daciers form o key nmural resource for e
Himaloyes. A glacier can be described as & moving
mess of ice composed of consolidsied and re-
crystallized ice on land which drifis down via viroe
af gravity (www gsipomalorgin). These are very

viinl for global soroundings. They sre o mapor
source of natwml harsrds and also play & bey role in
global climaie change. Furthermorse, glaciers are the
mimitoble resources of fresh water, and critical
cconomic foclor for pourisopilgrims spois (e.g.
Crangodri and Badrinaih Kedsmath temples). b is the
main source in hydrospower production. Glackers
are formed in a suitable climate and topography. in
which the mie of precipitation iz more than melting
of snow and temperabure. Widely, it has been
caiegorized mio two zones. The first zone s called
the sccumulation zome whilst the altemative one is
refierred o as the ablstion zone. Those momes are
separsied through a line that i noted be equilibrmm
line abitode (ELA). ELA is definsd as ihe mean
elevation of & zone where scoumulation equinalents
ablation throughout o pericd of mwelve months.
Sometimes, i is rarely deiected as & line at similsr
elevaison throoghowt the whole widih of the glacier
permining  to local climate and  topographic
disparides i  osocwmuolation  and  ablation.
Consequently, ELA is defined as the mean elevarion
of the equilsbrium line. Snow is ey other vital ierm
which consisis of ice orysials, liquid waier and
trapped air in o mixiure of shape. Afier & fresh
snowfall, waier molecules of snowflakes on ground
diffise from the cenires, as & resuli. the flakes have
a tendency v come 0 be rounded. or spherical.
Morphologically. glaciers cam be classified & an ice
sheet, ice cap. Simgh eal. (200 1) suggested tha the
lce sheet and bce cap glociers are shaped once when
the undernesth grogmphy & compleiely shelioned
through the e and thereafier the movement of
glaciers comtinue to be unaffected. Psersan, (1 994)
suggested that walley and cirue glociers may be
uaken inle consideration as an example of glackers
mamaged throwgh s iopography and the ierain
geometry. Bahugona, (216035) advised that o iop
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Assessment Of Rock Slope Stability Along Minas
Road, Tons Valley, Uttarakhand Himalaya

Gamihir singh chauhan, h.c. Mainwal

Abstract: Slope stakblity a

= Minas road was camisd out 3t T locatons. Limestons, sandstons and slales are the main

along
rock bypes. Geobechnical Data for Rock Mass Rasng (RMR) were taken from sach location for fhe rock mass classificaion. The rock

samples were also collecied for the lab analysis. Thu:t:moggu:pmjnm:rud
ogical cross sechon

o the siope face. Finally the Facior of sale
delermined. it was found that among the T rock siopes 3 fals in good and 4 in fair RMR class. The

different siope failres {planar and wedge) were idenSfied
orientation of diflerent sets of with

Jmnumpmmhrmanalpum
ach rock slope was prepansd io show the
{FOS) of sach rock sopss wene
nematic analyss shows fhat 2 rock

siope form planar failure and § wedge faibees. The Facior of sadety analysis depicts that 3 rock slopes have a FOS value above 1 and
fiormi stable siopes while 4 rock siopes shows a FOS value near and beiow 1 which represent partially stable and unstable slopes.

Maywards : Slope statilty, Tons valiey, Minematic analysis. Factor of safoty, RMRL UCE, Planar falum

1 INTRODUCTIOM

Skipe nstability problems are commen in hilly lerrain
mainly slong lhe roads and highways, Rocks in the
Himalayan lemain are highly delormed with a numbes of
slruciural  disconlinuilies, SH‘."}E! ol an ares Deoorms
unslable silver due o nalural process of anlhfopogenic
aclilies. Road culling causes the slespening of slopes
and exposer of more dsconlinuilies along which a shops
ey fail. Slope stabiity of an area deperds on different
propedties of rock mass of tal area. The Rock mass along
a road section can be classilied into diferent RMR classes
fo analyze the slpe stablily condition. The FOS analysis of
an area is caried oul 1o eslimate the stabdity condition of
e slope. For this puipose various numerical melhods ane
used 1o caleulale ®e FOS of a slope. In this analysis a
dope is calegorised into slable, partially stable and
unsiable classes Slope stability and landside sludy slong
e highways and roads were carried oul in past by various
researchers e, [1] caried out the Study of landslides in
Mandakini valley, Stabilty analysis of Kaliyasaur landslide
along NH-58 [2], Landshde sludy on the Barirag Munsiyari
road, Pilhoragarh [3], Cul slope stability analysis in
Rudraprayag districi of Utarskhand using CSMR and
kinermalic analysis [4], Numesical slepe stabiity analysis [5],
The sludy of reckslides feul slopes and their miligation
meatres [B]. FRock mass Assessmenl aleng the Sulle)
river, [7] Assessment of Rock fall hazard along a NH-58 in
Te Alakranda Valley using Kinematic analysis [B]. Study of
gapes akong the MH-58 using SMR and kinemabe analysis
approach [0], Stability analysis of Lakhwar dam reseror

1.

= Oambhr Sioght Chashan Resesch Soholer Deparimant of
HiNG Camwad Uinkevsly, Sanager Qafwal Lramihan 245174 E-
ft LN Cott

= Froff HC MNaiowal Deperimest of Goology HNE Garmwal
Unietrsy,  Sninager  Gamead  LBgrainand, 245174 E-maf
i T ma com

Stahility analysis of sope lailures along NH-305, India [11],
Stability analysis of landsiides along Balia Mala, Mainital
Untarakhand [12], Stability analysis af the Pawari landslide,
Himachal Pradesh [13], Landslide stabilty analysis in
Rudraprayag and Agastyamuni, Ultarakhand [14], Stability
analysis of rock slopes for planar mode of Talure [15]. Study
ares lies along Minas rosd which passes alng e Tons
valley and connest the pilgrimage, lowist places such as
Hanal, Tuni, Harkidosn and various villages of Uttaraihand
with the main cly Minas road pets blocked i raning
season due 1o the slope instabilily problem which cause the
interuption in transportalion. Slepe stabiity study alang the
raad seclion is helpld te know te causes of gope lalures
ard their mibgalion measures, In presanl work slability
analysi of unslable Rock sopes lbcated along he minas
raad was carried oul (Fig 1).

2. STUDY AREA

The area of sludy i localed between latitude 30°36°307N-
I0°4E'0°N and longilude TT4007E-TT"4907E and lies in
the survey of India loposheet na 53F/14 and 53 F/10 along
the minas road in the Tons valley, Dehradun district of
Uttarakhand (Fig.1). The study area falls in e |esser
Himalaya Zone and = characlerized by the opical
monsson climate. The major rainfall = the siudy area
aceurs fram mid-June Gill early Oetaber.

3. GEOLOGICAL SETUP

The present sbudy area is locabed in the lesser Himalaya
covering sedmentary and melamorphic mocks of he
Chakrata, Deocban, Mandhall, Chandpur Formabions and
Bansa limesione. Slate, sandslone and quarzibe ane the
rock [ypes of the Chakrata Formation and mesions is the
main rock lype of Decban Formation. The Mandhal and
Chandpur Formalions are dominantly consists of state.

| STREI02D
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Abstract

The Himalayan glaciers significantly contribute to the largest river systems like the Indus, Ganga. and the
Brahmaputra. The change in glacial area and mass can affect the mountain community and people living in the
Indo-Gangetic plain. The present study adopted the geodetic method to estimate the elevation change and mass
budget of 61 glaciers in the Alaknanda Basin, using the satellite data of Cartosag= (201 1. 2014, 2017) and SRTM
(20000). Besides, the DEM of 1962 (301 Toposheet) and 2000 (SETM) is used to'éstimate the mass budget of
Satopanth (SPG) and Bhagirath Kharak glaciers (BK.G). The field debns thickness of SPG (2015-2017) is compared
with the elevation change (2000-2017). Further, we have compared the massiloss of the glaciers with their volume.
The results suggest the sustained mass loss of 1.85 = 0,10 Gt out of 33 9% 8.8 Gt for 61 glaciers in the basin from
2000-2017. The mass loss of SPG and BEG during 2000-2017 15/0.20'%0.02 Gt and 0.24 £ 0.03 Gt, whereas from
1962 to 2000, 15 0.083 £ 0.03 Gt and 0,091 = 0.04 Gt, respectiviely. The analysis facilitates a better understanding of
glacier mass changes in the Alaknanda basin on a multisdecadal seale.

Kevwords: “Alaknanda Basin, Debris thiekness, Geodetic method, Mass budget, Satopanth
Glacier.”

1. Introduction

Melting of ice sheets and mountain glaciers worldwide due to climate warming has
played a major role in the'Sea lewel rise (IPCC 2014). The Himalayan region is known as the
third pole or High Mountain Asia {HMA), and situated at the world's highest-altitude. Glaciers
in the Himalaya are undergoing mass changes due to varyving climatic conditions, and it has
significant impli¢ations-on carth’s climate and regional hydrology (Bolch et al. 20012, Gardner ef
al. 2013). dn the™Western and Karakoram Himalayan regions, the glacier meltwater 1s not much
influenced by Sammer monsoon when compared to the Central and Eastern Himalava
(Immerzeel'er al., 2010; Bolch er al., 2012, Bhambri er al 2013). The glacier fluctuation due to
rise in temperature and reduced precipitation has affected the dynamics of glaciers in the
Himalayan region, i.e., most of the glaciers have endured either retreat or thinning (Kiiéb et al.
2012, Yao ef al. 2012, Kraayjenbrink er al. 2017, Mehta et al. 2013). Immerzeel er al. 2012,
Tawde ef al. 2017, Maurer ef al. 2019 These changes have influenced the populace's livelihood
and well-beimng, living in the densely populated Himalayan range (Immerzeel ef al. 2012, Tawde
et al. 2017, Maurer et al. 2019). Thus, a better assessment of the mass budget will help us model
the glacier meltwater runoff and future water resource management {Shean et al. 2020).
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ARTICLE INFO ABSTRACT

Keywurds: Ambéent equivalent black carbon (BC) measurements spanning from June to October have been carried out over
Central Himadayan ghcker an adjoining location of Satopanth and Bhagirath.Kharak Glaciers (3858m, amsl) of Central Himalaya during the
BC ranspare year 2019. Hourly BC varied from 12 ng m™ to 439 ng m ™ during the entire period of observation. Moathly
o averaged BC values sh d the high during June (230.96 + 85.46 ng m ) and the lawest in

¢ August (118,02 + 71.63ngm 7). mdcawcmlcmmgmmduunmmdlnhnndlmgnnge

transpart and rapid wet scavenging processes. Transport model studies indicate a higher retention time of tracer

in Uttarakhand, Punjab, Haryama, and adjacent polluted valley regions with increased biomass burning (BB)

incidences. The high rate of BC influx during June, September, and October was attributed to transport from the

polluted Indo-Gangetic Plain (IGP) region, wildfires, and vehicular emissions in the valley region. Higher

equivalent brown carbon (8rC) influx i linked to B8, especially wood-buming, during intense forest fires at

slopes of ins. Data obtained from limited BC observations during the 2011-19 period showed no sig-

nificant BC influx change during post-mansooa. The strang correlation between BC mass and B8 affirms the

dmtmhd%mmmglcmthcﬁhnuqmlncrmedmtotdngindnmdbymﬁ:ed:rk
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ening and BC

h 5 indicate an additional 15 and possible changes of the i
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1. Introduction

Aerasols modulate the energy budget of the earth-atmosphere system
by complex interaction with solar radiation. They play a crucial role in
facilitating precipitation by acting as cloud condensation nuclei (CCN).
Aercsols modulate doud behavior by changing cloud microphysics;
palluted cdouds reflect more radiation causes cloud albedo effect and
suppressing precipitation by cloud lifetime effect (Twomey, 1977;
Albrecht, 1989). Based on their optical properties, aerosols are classified
broadly into scattering and absorbing types. Scattering aerosols cool the
earth’s surface by reflecting solar radiation, whereas absorbing aerosols
heat the atmosphere by absorption processes. BC aerosols are carbona-
ceous aercsols with maximum absorption potential. BC aerosols alter
vertical instability, suppress coavection, and cloud cover by

tropaspheric column warming (Hansen ef al., 1997; Ackerman el al,
2000; Koch and Del Genio 2010). BC aerosol’s complex interaction with
atmosphere and snow is not very well understood (Zhou et al., 2018).
Modeling and satellite data-based studies have recently identified that
anthropogenic aerosols pose a real threat by increasing tropospheric
warming and curtailing surface albedo over the Hindu-Kush Himalayan
region (Gautam et al., 2009; Menon et al., 2010; Santra et al, 2019). BC
has an inherent ability to absorb the visible-infrared spectrum of solar
radiation and heat the surroundings. The life span of BC in the atmo-
sphere is significantly less compared to carbon dioxide. Hence, mitiga.
tion or reduction reflects positively in the atmosphere in a shorter time
(Takemura and Suzukl, 2019). BC's global warming potential (GWP) is
identified next to carbon dioxide (Bond and Sun, 2005). The retreat of
glaciers and changes in the equilibrium line of altitude (ELA) is rapidly
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Volume estimation of glaciers in Upper Alaknanda Basin, Garhwal Himalaya using

numerical and scaling methods with limited field based data
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Abstraet: The ice volume is an imporiant parameter for quantifying fresh water stored in the Himalayan cryosphere. 1t is an
important input to model the glacier dynamics and consequently estimate the future glacier melt contributions to the rise i
sea level and changes in the river flows. While there are lasge uncertaintics in the estimates of otal ice volume, even less s
knowen absout its distribution at the basin scale. In this study, an amempt has boen made to assess the volume of glaciers of
Upper Alaknanda Basin (UAB), Garbwal Himalaya, using statistical power scaling and slope dependent numerical
methods with inpat from remote sensing data. 'We have mapped 166 glaciers (arca =0.02 km’) in UAB covering total
glacicrised area of ~363+12 km*using remote sensing data and have used the above mentioned methods to estimate the ice
vislume. Wi have checked the consistency of these resulis with the limited data ofestimates of the ice volume of individoal
glacicrs using other methods. We present estimates of the ice volume of Satopanth glacier (SPG) based on previous
measurerents of the e thickness wsing Ground Pencirating Radar (GPR) studies supplemented by more recent
observations. The estimated e volumse of SPG is approximately 2.1 ko', The total glacier volume of UAR is estimated by
different methods ranges from 20,521 4 to 35.5+2.1 km' with an average 26.144.5 km'. We compare this estimate with the

estimated ice volume of other Himalayan basins.

Keywords: Glacier thickness, Ice Volume, GPR profiling, Himalayan Glaciers, Upper Alaknanda Basin

INTRODUCTION

The Himalayan cryosphere is a reservoir of fresh water and is
referred to as the third pole of the world (Immerzeel er al.
2010). The glacier melt water contributes significantly to the
nver munoff and. along with other components, plays a
significant role in the hydrology of the upper basins { Thayyen
& Gergan 2010). Glacier inventory shows that there are 9575
glaciers having areal extent of 37,466 km' in the Indian
Himalayan Region (IHR) (Raina & Srivastava 2008). Glacier
extent studies reported the spatial coverage of 22,800 to
25041 km' of Himalayan glaciers excluding Karakoram
(Bolch eral 2012; Kulkarni & Karyakarte 2004).

Recent observations reveal that most of the glaciers in the
Himalayan region are retreating and losing mass at
heterogeneous rates and this trend 1s ex to continue
(Hock er af. 2009; Azam er al. 2018; Brun et al. 2017). Thus,
under ongoing climatic conditions, an assessment of glacier
volume is essential for water resource management at regional
as well as catchment scale.

Recent advancement in remote sensing data and
techniques has led the glacier arca mapping extensively in
high mountamnous region (Bolch er af. 2012). However, since
remote sensing observations do not directly measure the ice
thickness, ice volume estimations have to be indirect, based on
empirical models (Chen & Ohmura 1990; Bahr e al. 1997,
2015). The volume of entire Himalayan-Karakoram glaciers
estimated using empirical models from surface data varies
from 2955 1o 4737 km' (Frey et al. 2014). In the [HR., glacier
mass estimated by scaling methods is reported to be 3600-
4400 Gt (Kulkami & Karyakarte 2004). The high range of
variability i the volume estimates 1s mamly due to the lack of
direct field measurements of 1ce thickness that can be used to
choose one empincal method over the other. Only a few
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studics have been camed out for ice thickness estimation
using GPR surveys in the IHR. Doknani glacier in the central
Himalaya, where e thickness measurement had been done
by direct GPR method, has observed thickness varying from
15 to 120 m equivalent to total ice volume of 0.283 km
{Gergan er al. 1999). The ice thickness of Chhota Shigri
glacier was estimated by GPR at five different locations
(Azam er al. 2012). The cross profiles show that centre-line
ice thickness increases from 124 m to 270 m at 4900 meter
above sea level (m.a.s.L). In addition, an attempt to estimate
thickness of Satopanth glacierby GPR was also made (Mishma
ei al. 2018); 1ce thickness at two locations was found in the
range of 38-4% m near glacier snout and 90-1 10'm at the end of

ablation zone.

In this work, we use the following empirical models. (1)
The slope dependent method proposed by Haeberli & Hoelzle
(1995). This assumes that the ice dynamics is in the so called
plastic limit. It then yields an empirical formula for the local
ice thickness as function of the local slope. In principle, it is
valid for a single glacier. (i1) The arca-volume scaling law.
This is a more global approach and is valid only ina statistical
sense, namely for a collection of a large number of glaciers. In
this context, it can be physically motivated (Bahr et i, 1997,
2015). The scaling law involves several parameters. These
vary according to the data sets from which they are estimated.
We investigate four such parameter sets (Chen & Ohmura
1940: Bahr er al. 1997; Arendt eral. 2006 and DeBeer & Sharp
2007,

Other methods, based on surface velocity and slope
measurements along with some modelling, to estimate the ice
volume of individual glaciers have been developed (Fannott
er ql. 200%; Huss & Fannotti 2012; Linsbaur et af. 20012).
Gantayat et al. (2014) wsed such a method to estimate
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Geological and geotechnical studies of landslides located near Ichhari Dam
Reservoir on Tons valley, Uttarakhand Himalaya
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Abstract: Geological and geotechnical stody of Tehhari and Pathoa landslide zones located along the Minas road near the
reaervoir of lehhari dam was carried out to delineate the causes of landslide, and to determine the Factor of safety (FOS )
Ichhari landslide is a planar slope failure consists of rocks and debris. The Pathua landslide is a circular failure, and it
containg debris material. Uniaxial compressive strength (10CS) and triaxial compressive strength (TCS) tesis of rock core
sarmples wene performed to determine the shear strength (C and §). Sieve analysis of soil and debris material was carried out
for grain-size analysis and the direct shear test of debris was used to determine shear strength. Liguid limit test was done for
fime paterial. The results show that UCS and shear strength of rock mass inthe lehhar landslide varies at a large extent due
to variation in weathering pattern and deformation of rocks. In the Pathua slide, the coarse-grained material of landslide
shows low moisture content and Liguid limit due to low proportion of fine material. It reflects that soil cannot remain stable
under high water saturation condition. Study of tropical rinfall measaring mission (TRMM) data of monsoon scason
shows that maximum rainfall in the study area occurred in 2001 and 2013 is abowt 1420 mm and 1203 o respectively. The
Factor of safety (FOS ) of lehhari rock slide was determined using Limit equilibrium method. The valwe of FOS of 1.47 was
obitained for saturated slope condition. The FOS of circular failure of Pathua slide was identified using the circular failure
chart {(CFC) method. The FOS valwe of 0,95, 0.91 and 0.84 were found for dry, 23%, 50% satwrated slope conditions
reapectively. These results show that there are multiple cansative factors responsible for landslides. Both landslides are
stable under dry condition but become unstable after water saturation during raining scason that causes reduction in the

shear strength of landslide material.

Keywords: Landslide, Geotechmical study, Reservoir, Factor of safiety, Tons valley, Uttarakhand Himalaya

INTRODUCTION

Landshde 15 a common geomorphic process m the
mountaimous terram. Excluding the permafrost regions of the
northern India, about 12.6 %0 part of the country is vulnerable
to landslide hazards (51201 6). The Indian Himalayan region
is prone to about 15 % of the global rainfall induced landslides
(Froude & Petley 2018). There are several preparatory and
triggening factors responsible for the landslide. Preparatory
causal factors such as weathering, erosion works for the long-
time duration and make the slope susceptible to movement
without intending it. Triggering cansal factors are those which
initiate movement in slope such as rainfall, earthquake, and
excavahion on the toe of the slope. Slope faillure can be
classified into translational and rotational types (Varnes,
1978), which are mainly controlled by cohesion {C), and the
angle of mtemal frichion () of rock mass. Anthropogenic
activities such as road cutting and civil engineering
construction have played a major role in increasing frequency
and intensity of landslhide occurrence. Several landshides ocour
along the reservoir rim of a dam due to fluctuation in the water
level which cause wetting and drying of the slope (Kumar e
al. 2016). A landslide that occurs along the reservoir nm may
create water waves in the reservoir and reduces the water
storage capacity of the reservoir. Mumber of landshde zones
are located along the Mational and State highways of
Uttarakhand, due to its complex geology, structures, rainfall,
and anthropogenic activities. These landshide zones become
active during rainy season and cause intermuption in
transportation and hardship to the local peoples and
tourists pilgrims.

The detailed study of some individual landshdes m the

2

Uttarakhand Himalaya and other parts of India was carmned out
by vanious researchers like, landslides in Garhwal Lesser
Himalaya (Sati ef af. 1998), Malpa Rock fall in the Kali valley
(Pant & Lumrer 1999), study of landshdes in Mandakim nver
valley (Joshi eraf. 2001}, Kaliasaur landslide in the Alaknanda
valley (Naimwal & Prasad 2001 and Nainwal 2002), Varunavat
Landslide in the Bhagimthi valley (Gupta & Bist 2004),
Harmony Landslide (Anbalagan er al. 2008), Vyvung
Landslide (Chavdhary et af. 2010), landshde disaster on the
Berinag Munsiari road, Pithoragarh (Sarkar & Kanungo
2010}, micro-hazard landslide study in Garhwal Lesser
Himalaya (Kumar et al. 2012), Amivan landslide {Singh et al.
2011 3), problems of rockslides /cut slopes and their mitigation
measures (Naitham er gl 2015), Surabhi Resort Landshde,
Mussoorie (Gupta et al. 2016), Geotechnical characterization
and stability evaluation of the hill cut soil slopes along a
highway (Sharma et al. 2016}, stability assessment of shde
zones along the Yamunotri pilgrimage route, Lesser
Himalayan (Dudeja et af. 2007), hazard evaluation of the
Pawari landslide zone, Satlu) valley, Himachal Pradesh
(Kumar er al. 2018), study of landslide prone slopes around
Rudraprayag and Agastyamuni in the Uttarakhand Himalaya
(Pradhan e i, 2018), rock slope stability-statistical analysis
for plane mode of failure (Raghuvanshi 2019).

Dai et al. (2001) observed that lithology and weathering
conditions of underlying rocks determine the nature and rate
of geomorphic process including landshdes. Using past
rainfall data, study on occurrences of natural hazards in
Alaknanda valley was conducted by Joshi er al (2006).
Assessment of landslide in the Bhagirathi valley due to 2013
flood was performed by Bhambr er af. (201 7). These studies
observed that ramnfall threshold vanes from one region to the
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ARTICLEINFO ABSTRACT

Kepwards: Simultaneous mensurements of ambient atmespheric black carbon (BC) mass concentrations and radiative Auxes

Flsalayan glacer were carried out over Satopanth glacier in the central Himalayas from September 22 to October 2, 2016, as a part

fm‘;"'m af a glacker campaign experiment. The daily mean atmospheric BC concentrations varied between 165 = 20-263

Radiative forcig 4 32 ng m  with 2 meam of 199 £+ 84 ng m ™ during the abservational period. The measuned average surface

Heating mae albede was found to be 0.24 = 0.11 during the entire period of ohsermtion. Spectral albedo from Modemte
Resolution Imaging Spectraradiometer - Bidirectional Reflectance Distribution Function (MODIS-BRDF) satellite
observation and net mdiometer derived glacier albede was foand o be in good agreement with a carrelation of
064 over the region. Coocentration weighted tmajectory analysis (CWT) over the site indicates a 786 BC
transpaort from the Indo-Gangetic plain, Pakistan, and the Middle East region. BC radiastive forcing was estimaied
using an optical model alang with a mdiative transfer model. An average BC direct radiative forcing of - 5.4 =
0.25Wm  and 2.4 + 0.19 W m ™ was found respectively in the sarface and at the top of the atmosphens (TOA)
during the experimental period. The estimated average BC induced beating mte was found o be (033 = 004 K
day ~'aver the region.

1. Introduction emissions can alter the surface temperature and induee melting of Gla-

Himalayan glaciers are the primary source of freshwater for the
narthern Indian rivers, providing approximately 8.6 million cubic me-
1ers ol waler aumuallj.- (Khan et al, 2017 Dyurgerov and Meier, 19971
Many scientific studies have reported abnormal retreat of glaciers over
the Himalayas in recent decades (Bahuguna et al., 2004; Shekhar e al.,
2007; Mainwal et al., 2007). The mass balance stdies have shown a
curmulative negative surface mass balance in all observed glaciers of the
Himalaya with a decreasing trend from northwest 1o northeast Hima-
layan region (Shekhar e al., 2017). Earth’s surface energy budget and
radiative balance are highly influenced by snow albedo [(Groisman
19941 The hydro-climatic impact af BC by direct, indirect, and snow
darkening effect are major concerns in regional climate impact assess-
menl (Lenton and Vaughan, 2009; Kang e al, 2019). Light absorbing
impurities (LA sweh as black carbon (BC) and increased greenhouse gas

* Correspanding author. HNE Garhwal University, Uttarnkhand, India.

clers (Flanser e al, 2007 Memon ¢ al., 2010 Ballasinag et al, 20013 Mii
e al, 2020). BC deposition on fresh snow vastly decreases its albedo,
resulting in warming at the top of the aimosphere and contributes 1w
global and regional climate change (Ramanathan and Carmichael, 2008;
Jacobson 20013 Painter ef al., 2007). The rapid melting of Himalayan
glaciers in recent years is primarily atributed 1o snow darkening and
increased direct radiative forcing by absorbing aerosols sweh as BC
(Yasunari et al., 20013: Gul er al., 2018 Niu &t al_, 2020). It is dentifisd
that a moderate concentration of aerosel cover with thickness up 1o 2
mm has maximum effects on glacier melting, thickness above 2 mm
works as an insulator and stops further melting, and has no real
importance (Dragosics o0 al. 2016). Satellite-based and modeling
studies indicated & greater gradient in heating over the Himalayan re-
gion during the pre-monsoon season than other sessons (Gautam ef al.,
2009). Direct radiative forcing simulations of carbonaceous aerosols
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= Black carbon {BC) observations were
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= BCpathways has been quantitatively es- \
timated ambere 1)
« BC induced snow albedo impacts &
estimated. Sutface (SFC) =]
AN o
=
Sore-albedo fectbuck
ARTICLE INFO ABSTRACT
Article history: Continuous measurement of Black Carbon ( BC) concentration was carried out during May-October 2018 periods
Receved 21 August 2020 over Satopanth Glacier in the central Himalayas. BC concertrations varied between 28 and 287 ngm — on differ-
:z'“d ;"“3"*4 ‘“";;:omm 2020 ent days during the observational period. High concentration of BC was observed in the menth of May (monthly
A wwu 24 200 mean of 221 = 79 ngm ™), and a lower concentration was observed in August (monthly mean of 92 + 58
ngm 7). Bicenass buming was found to contribute up to S8% of BC muss over the region, with lower coatribution
Editor: Ouyang Wei during june and higher dqring the month of May. Compensation parameter [K).valurs were fourd to vary be-
tween —0.005 and 0,005 in different months, asserting the presence of aged BC in june to October moaths and
Keywords: relatively fresh BC in the moath of May. Concentration weighted trajectory (CWT) analysis showed that the air
Satopanth glader mass from Indo Gangetic Plains (IGP) was responsibie for the majority of transported BC in July & August months
Biomass buming (up to 65%) and partially in September (up to 40%). However, the transport from Middle East and far north-
B westem regions was found o be the major contributor to BC concentrations in other months. The estimated
Radiative forcing BC direct radiative forcing was found to induce 4.5 to 7.6 Wm ™ reduction of radiation at the surface (SFC)
and the forcing was +2.3 to +3.5 Wm 2 af the Top of the Atmosphere [TOA). The BC induced atmospheric
heating rates were found to be up 10 035 k day ™' over the region. The sensitivity of snow albedo to radiative fore-
ing was studied, and it & found that BC albedo changes tend to decrease albedo with an increase in BC-snow de-
position, leading to a decrease in atmospheric absorption.
© 2020 Published by Elsevier BV.
* Correspondence to: Abhilash S. Panicker, Indian of Tropical A dogy. Pashan, Pune 411008, india
** Corresponding author.
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ARTICLE INFO ABSTRACT

This masescsipt was handled by Mareo Borga,
Edizor-in-Chief, with the sssistance of Dankele

Thix study foruses on the isotopic characterizatinn af cryospheric water and quantification of different compo-
nents contributing to Alaknanda Eiver {major tributary of the Ganges River system) at its place of origin near

Pems, Assoelate Edbor

Keywands:
Envipanmental otapes
Gladier ice

Satopanth glacier
Altide effert
Spatio-temporal varlaion
Fiydrograph separation

snout of the Satopanth Glacier. A detailed understanding of various sources; flow components contributing to the
river is ussful for water resource management under changing climate scenario and helpful in risk assescment
due to matural hazards in the headwater catchments, Extensive feldwork was conducted, and water samiples
were collected from the fver, snow, glacial ice, radn, lakes, and sapraglacial chammels of Sabopamth Glacier Basin
during the ablation pericd af 2007 and analysed for /%0, &°H, and 'H along with electrical conductivity. The
results helped to establish the spatio-temporal and altitudinal variability in sotopic signatures of rain, spow, and
ice in Satopanth Glacier Basin. The altitudinal sfiect in 6°"%0 of pre-maonsoon and monsoon mingall is —001 3%
and ~0.41%s per 100 m rise in elevation, respectively. Snow samples show depleting isotopic trend with an
altitusde effiect af ~0.43% in 6°°%0 per 100 m rise in altitude. However, snowpack samples show an enrichment
with time indicating post-depasitional isotopic fractionation. The comtrasting isotopéc gradient in debris covered
and nom-debris covered ice are - 0.9%. and 4+ 3.4% per 100 m rise in levation, respectively. These results divolgs
the spatial as well as temiporal variation in cryospheric waters and these variations are used to derive the sotopic
signatures of snow melt, glacier melt, and min water. The results of hydrograph spamtion show that the snow
medt, ice melt and min water contribute about 33%, 498 and 18% respectively, to the discharge of Alaknands
Riwer during the ablation pericd. Tracer based hydrograph separation indicates that the sow melt contnbution
dominates in river discharge during the initial ablation pericd. River discharge is a mixture of snow melt, glacier
medt and rain water during July and August, while there is a dominance of glacier melt during end of the ablation
period. The results of the present study highlight the importance of accounting the spatial and temparal vari-
abality in tracer signatures af cryospheric water for quantifying the contributions of smow and ice melt in a rver
arigimxting from glacerissd area.

1. Introdwction

The eryosphere containg about 69% of the global freshwater sources

and plays an essential role in maintaining the hydrological eyele (Gleick,
1996]). However, the rapid retreal and mass los of alpine glaciers have
been reported by many and projected o continue throughout the
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Source characterization of suspended sediments transported
from debris-covered Chorabari Glacier in Central Himalaya, India
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Abstract

Huge volummous debns supplies that are transported because of the extreme rainfall events and glacial lake outburst floods has
resulted in the accumulation of excessive sediments, thereby depleting the capacities of desilting chambers in the downstream
hydropower projects. Therefore, the present article 15 focused on understanding the textural fackes, bulk mineralogical compo-
sition, and environmental magnetic properties of suspended sediments to highlight the transport characteristics within the
Choraban glacierized catchment. Sediment representatives were analyzed by the X-Ray diffraction (XRD) and routine mineral
magnetic parameters for the ablation seasons (June—September) of 2008, 2011, and 2012, Resolts reveal that monthly and
seasonal fluctuations in the runoff magnitude exhibit significant influence on the linked-conduit system resulting in the enlarge-
ment of transport pathways. Flemming s (sand/silt'clay) tigon reflects the dominance of silty sand facies with little clay content
implying that the influence of hydrometeorological conditions transport the glacial debris to the downstream areas. Proglacial
meltwater stream transported more than 609 of the total weight percentages of hard mineral aggregates such as quarte and
feldspar fractions indicating high intensity of physical disaggregation that occurs at the high-altitude environment. Environmental
magnetic properties reflect unimodal source showing combined signatures of weak ferrimagnetic and high nonmagnetic min-
erals. Analysis of Pearson comelation coefficient (PCC) revealed heterogeneity in the production and transportation of silt- and
sand-sized sediments for each ablation season. These findings conclude that considerable percentages of fine glacial debris gets
entrained into the linked-conduits from where they get exported as suspended sediments along with glacier meltwater through the
subglacial opening.

Keywords Melt unoff magnitude - Textural facies - Supraglacial debns - Physical weathering - Indian Himalaya

Introduction

The Indian Himalayan Region (IHR) is covered with large
areas of snowfield and glaciers that provide freshwater sup-
plies to densely populated downstream areas in the Indo-
Grangetic plains {Immerzeel et al. 2010). The climatic regime
and debris cover exert a strong influence on the glacier health
resulting in the generation of melt runoff dunng the recent
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negative mass balance pertod (Shukla and Cradir 2016:
Azam et al. 20018). Stedies chamcterizing glacial debris and
its transport mechanism were earlier documented by Boulton
{1978) and Boulton and Eyles (1979). They inferred that the
sediment production and its transport materialized through
actrve subglacial zones with little modification ocourring in
the passive supraglacial zones. However, this concept may
not hold true for the high-altitede valley glaciers of the
Karakoram and Himalayvan region where the supraglacial de-
brs cover 1s relatively abundant {Gutiérrez 2005), and ero-
sional processes are particularly active on the glacier surface
i{Benn et al. 2012; Kirkbride and Deline 2013). These glaciers
produce a large quantity of supraglacial debris by the glacial
processes such as crushing, weathering. and rock fracturing of
various geomorphic features depending upon the geological
setting (Ballantyne and Benn 1994; van Woerkom et al.
201 %. Similarly, the non-glacial processes such as the mass
movement of bordening rock walls leading to rock avalanches
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Geochemistry of Granites from Chail Group of Garbwal Region, Lesser Himalaya, NW India
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Abstract: Paleoproterozoic granites are well exposed in the Chail group of Garhwal region, Lesser Himalaya
crystalline sequences (LCHS). These granites are less studied in terms of geochemical classification and tectonic
settings. In the present work, we carmied out the geochemical analysis of granites of the Chail group from the
Chirbativa-Khal and Ghuttu areas. All the samples have high S0z (73.24-79.1 wt %), AhOs (11.2-12.95 wit %),
B0 (3.8-59 wt %) and low P05 (0.11-024 wt %), Cal (0.21-1.02 wt %), and NayO (2.2-3.03 wt %
exceptionally bow in one sample, that i= 0L(W9 wt %) contents. The A/CNE values for the samples are range
from 1.19 to 2.91, characteristic of S-type granites. REE patterns for these granites are moderately fractionated
with an average (La'b)y~ 8.21 and coropium anomaly (EwEa*j- 0.15. The tectonic settings of the studied
granite suggest that they are formed in syn-collision tectonic environments.

Keywords: Granites, Himalaya, geochemistry, Paleoproterozoic, Garhwal Himalaya

Introduction This paper aims to present the whole-rock
geochemistry from Chail group granites in the

Granites are the most abundant rocks in the Garhwal region of LHCS. We est that

Earth's crust. Therefore, understanding the
origin of the Earth reguires a thorough

these Paleoproterozoic granites are S-type in
origin and formed in syn-collision tectonic

understanding of the evolution and reworking settings, based on their geochemical

of the upper continental crust. Granites have a -
characteristics.

vast range of mineral composition,

geochemistry, petrogenesis, and tectonics, as Geological background

evidenced by extensive studies undertaken

around the world. In general, it is now In the 2400 km long Himalayan belt. four
primary tectonic zones acerete from south to
morth: 1) Sub-Himalaya (SH): 2) Lesser
Himalaya (LH); 3) Higher Himalayan
Crystalline (HHC); and 4) Tethyan Himalaya
(TH) (Heim & Gansser, 1975). (Fig. la). The

SH. which is made up of Miocene to

believed that a significant number of granites,
such as those seen along active continental
margins, can result  from  fractional
crystallization of basaltic magma. In addition,
under variable temperature and pressure
conditions, partial melting of crustal protoliths

. . . . , Pleistocene  molasses  and  Himalavan
during regional metamorphism in orogenic ¥

. . . sediments, thrusts over the Indo-Gangetic
collisions also creates varied granites.
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Estimation of ice ablation on a debris-covered
glacier from vertical debris-temperature profiles

Sauray Lahat L, Alex Winter-Billington®(D, Argha Banerjestil, B Shankar,
H.C Mainwal* and Michels Kappes®

Funa, indm; “Degartmen of
Chenra,

'Earih and Cheale nsan ol wrd
Cagragty, U of Britnh © Cansdx “Tha of
India and 'rmnn-mu—m.m.:u-u.m

Abestract

A supeaghacial debris laver contrak energy transder po the foe surlste and moderites ice ablation
on debris-covered glaciers. Measurements of vertical temperature profiles within the debwis
enables the emtimation of themssal diffusivities end sub-debris ablation rates We have mesanead
the debeis-kaver temperature profiles @ 16 locations on Saopanth Gleder {cenral Himaksya) dur-
ing the ablation sesens of 2006 amd 2017, Debris temperabore profile das are cypically analysed
miing & figite-difference method, asming that the debeis bver is & bonegemssm one-dimen-
shonal themsal conducnar, We imrodoce theee more methods for anslysing such das tha
appeoxinsate the debris laver i either a single or a two-lavered conducior. We anadyse the per-
forrnance of ol foor metheds wing symthetic experiments and by comparing the esimated abls-
tion mles with in sive glacedogical observations. Our amalysis shows that the emperaare
mescureents obained  equispaced sensors end analysed with @ neo-laversd moded imgrove
the sccuracy of the srimarad theemal diffusivicy amd sub-debeis ablation rate. The sccuracy of
the ablation Fale estimstes is comparabde 1o that of the in sitn observtons. We argoe that meas-
rirg e temperatune profil & o convenient and relisble method to srimale sesonal 1o ool ses-
sl wariatiors of ablation ries in the thickly debeis-covered pams of ghaciers.

1. Irtroduction

Gilaciers in the Hisdo- Kush Karakoram Himaleys (HEKH) constivme an imponast feeshwater
reserve for Jowedt reds (Arzam and others, 2021} The discharge of melrwater s
affected by koe ablation mtes. About 11% of the glacienssd area in HKKH has been etimated
1 be corvered by a kaver of rock debris (Hemreid and Pelliccioni, 20200 Observations amd phys-
ical theory saggest that a thim cover of debeis cam enhance ice ablation raies. while & cover of
moee than & few centimetres debris thickeess can reduce ablation by iesslatieg the e from
solar and mmospheric emergy fluxes (Osirem, 1955). Therefore, understanding the recent
past or predicting the furore of HEKH gliclers requires an socunte undestanding of the
effects of dymamical supraglacial debeis cover om ablation e g. Bamerjes and Shaskar, 2013
Anderson and Anderson, 2016; Bamerjes, 2017; Fergusom and Viell 20010

The influence of supraglicial debris om ablation depends on s thicknes and thermal prop.-
erties [Mihakes and others, 2006; Reid amd others, 2012; Fyffe and others, 20200, While field
observations of debris propenties in HKEH are scasce (Conway and Rasmvossen, 2000
Micholson amd Bemn, 2003; Houmce and others, 2005 Chand and Kayasitha, 2018 Rowan
aned others, 2021 they imdicare then debeis properties vary within and between glaciers ot a
range of scales, amsd through time (Mihaloea amd others, 2008; Nicholson and others, 2018
Shah and ethers, 2019 Although the physical theory s understond, the acooal variabiling of
the defbris layer Is not corrently well charscterissd, and the effecis on ablation are
poordy comstrained (Michobos and others, 2008]. This resulis in coasiderable uncertainry in
many glickdogical applicatioes, such & satellite-based debeis-thickness estimarion {eg.
Mlihaboea and others, 2008; Foster and others, 201 2 Schauwecker and others, 2015) and glacio-
hydrelogical modelling {& g.. Fojita and Sakal, 3014; Hagg and others, 2018; Zharg and others,
H01% Steiner and others, 2021}

It is generally accepted that the global population of glaciers s undersampled (Mernild and
athers, 2003] due o the legistical challenges assocised with fieldwerk. HEKH has becoame
knowm colloquially as the “third pole” due o §is sigmificance im the global cryosphere
[Wester and others, 2019, yei, direc messurements of surface ablation have beem reponied
for fewer than 20 debris-coverad glaciers im this region (Wincer-Billimgron and others,
3200 Expandieg the metwork of on-site moniborisg sations 1o indude & greaver number of
debets-covered glackers im HEKH. and sampling from a wider range of geographies [covering
a wider mange of dlevations, e g. Wang amd athers, 2005) I necessary 1o redusce the uncertain.
thes assockied with peedictioss of glader change.

The gaciological metheod of meoniorisg & network of sakes & generally considered 1o be
the mos accurate method o mescore the surface ablation on debris-covered glaciers
[Cogley amd others, 2010}, This ks & labour-intensive method (Kaser and others, 2003)
From our direcl experience (Shah and others, 2019) the logisical challenges and humsan
resource pequirements for perfomuing sob-seasonal gaciological mass-halance measarement
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Comparative assessment of two neighbouring glaciers
(Raj Bank and Kosa), Dhauliganga Basin, central
Himalaya, India, since 1962 to 2019
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We examined the two neighbouring Raj Bank and Kosa glaciers of the upper Dhauliganga catchment of
Uttarakhand, central Himalaya, India, to assess their variability towards climate change, We performed the
analyzis of multiple satellite images for the period of 1962-2019 and feld-based GNSS data obtained during
201 8-2019. Length change. area change, deleis cover area, and snowline altitnde (SLA) were obtained using
that. During the last 57 yvears (1962-2019). the Raj Bank and Kosa glaciers lost 2.43% (0.32 km?® or 0.006
km® a~') and 4.54% (0.45 kn® or 0.008 km* a™') area; and for the same time span, their frontal retreat was
estimated 639.39 m (11.22m a” ') and 206.71 m (3.69 m a '), respectively. The study also depicts that from
1968 to 2019, the Raj Bank glacier shows a significant increase in the debris cover area of 4.41%, while in the
Kosa glacier, it was 4.08% only. Between 1968 and 2017, the SLA of the Raj Bank and Kosa glaciers shifted
on an average by 82 and 71 m upwards, respectively. Loss in glacial area, enhanced debrizs cover arvea, and
shift in SLA ave the indicators of ice volume loss under the present elimatic scenario.

Keywords., Himalayan glaciers; DGPS; debris cover; climate change; snowline altitude.

1. Introduction

Himalayan glaciers form one of the largest ice
concentrations outside the polar regions, with an
areal extent of =40,000 km” in the entire Himalaya,
including Karakoram (Boleh ef ol 2012). The
meltwater streams that emerge from the Hima-
layas help to sustain >7H) million people and the
economy of the surrounding countries by providing
water for irrigation, hydropower, drinking, sanita-
tion, and manufacturing (Immerzeel e ol 2010;

Published anline: 30 September 2022

Pritchard 2017). The Earth's average temperature
has increased by 0.6£0.2°C during the 20th cen-
tury (IPCC 2007). resulting in shrinkage of most of
the glaciers and other eryospheric components all
arcund  the world, including  the Himalaya
{Mayewski and Jeschke 1979 Bahuguna ef al
2007; Bhambri et al. 2011: Sorg ef al. 2012; Basnett
el al. 2013 Kraajjenbrink et al 2017). Various
studies depict that the Himalayan glaciers have
been losing mass since the end of the Little lee Age
(LIA) (Vohra 1931; Dobhal et al 2004; Kulkarni
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ABSTRACT

Lakes downstream af the glaciers receive glacial meltwater and sediment supply resulting in formation of thick
succession af lacusirine deposits. In this work, we have identified one such palacoclake deposit in the Upper
Abknanda Bagin, close to Badrinath town. The sediments are of oustrine origin; however the continoity is
broken by intermittest flovial deposits, which indicate changes in the depositional environment. We used
Optically Stimulsted Luminescence ((5L) dating to develop a robust chronology of the palazo-lake deposit. Gradn
size analyses of sediments were carried out to understand the depasitional esvironment, and momphometric
analysis of the walley was conducted to obtained clues about the neotectonic actiwities in the region. The 051
ages show that the deposition of the lake sediments oonarred betwern 216 + 4.7 ka to 1005 + 1.4 ka. Two phases
af palen:-lake deposit and sabsequent owtburst is established from the OSL age, grain size distribution and on the
basis of field observations. The high sedimentation mee in the apper part of the deposit indicates an increase in
the monscanal rainfall and glacial retreat post Younger Dryas event. The colder pericds are represented by
varves and rhythmites, while the warmer periods are represested by thick lamirsted sand. This study indicabes
that the glaciers in the Upper Alakanada Basin responded to the fluctuations in the palaso-climate.

1. Introduetion

climatic Aucmations are independent of changes in insolation bul are
controlled by oceanic thermohaline circulation, particularly in monsoon

The Indian Summer Monsoon (15M) is the key component of the
irarpical elimate system, which is produced by the differential beating of
the Land and saa surface (Holton and Staley, 1973; Webster o1 al., 1998)
andsor by the heating in the intertropical convergence zone (TTCE)
(Hoskins and Rodwell, 1995 Chao and Chen, 2001). The monsson
variability on 10°-10° vear scale is controlled by several factors sueh as
incoming solar radiation, inter hemispheric heal transpart and high
latitude glacial and interglacial boundary condition (Clemens and Prell,
1991; Prell and Kurzbach, 1992; Juyal et al., 2009). The shont term

* Corresponding authar.

E-mail addrece: jitendra nmanfcup.edwin (K. Pattanaik)

Ettps: s Adod. org/ 1010 &) seaes 20022 10G00Y

dominated regiom (Sirocko et al, 1993, 1996 Heuser and Sinocko,
1997 Juyal e1 al., 2009). These climatic Quchsations also impact on
Himalayan glaciers because of imerrelationship berween climate and
glacier. During Late Quaternary period, the extent of valley glaciers in
the Himsalayan range has been significantly modified. Imprin of thess
oscillations are preserved as glacial landiorms in different segments. of
the Himalaya (Scherler et al, 2010; Dorteh et al., 2000; Owen et al.,
1997, 2001, 2002, 2006, Sharma and Owen, 1996, Taylor and Mitchell,
2000; Dorch et al, 2013; Barmard et al, 2004; Panl et al, 2006
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Abstract

On Tth February 2021, a catastrophic flash flood occurred in Raunthi Gad, Rishi Ganga
catchment of Dhualiganga Basin_ It caused the death of around 200 people and devastated
the hydropower projects and other associated infrastructure in the downstream areas of the
basin. While the extent of damage and devastation in the downstream region around Rini
and Tapovan has been extensively reported, the reconstruction of the event has still not
been definitively established. Based on an analysis of the data reported in previous papers
and our field and remote-sensing data, we present a detailed reconstruction of the events
that occurred in Raunthi Gad that morning. Our analysis supports previous reports that the
basic cause was that a portion of the hanging glacier located at Raunthi peak (5600 m asl)
along with a large amount of rock fell and hit the Raunthi valley at about 1.5 km down-
stream of the current snout of Raunthi glacier at an elevation of around 38(0) m asl. We
present evidence, supported by previous data of transient ponding in the region between
the impact zone and the confluence of Raunthi Gad and Rishi Ganga. We estimate the flood
volume at Rini to be around 10 MCM and the volume of water available in the valley in
the form of ice and snow to be around & MCM. We argue that this deficit can be accounted
for by the debris volume. The material gained around 8 10" J of energy during the initial
slide whereas around 1.5 % 10" 1 is required to melt the ice and snow.

Keywords Flash flood - Disaster - Hanging glacier - Extreme events - Central Himalaya
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Abstract The present study assesses the environ-
mental and Land Use Landeover (LULC) changes
in the Soan Basin, western Himalaya between 1999
and 2015 and their impacts on groundwater gual-
ity and static water level (SWL). An increase in the
area of agricultural land (19%), settlement (~300%),
and dense forest (25%) at the expense of open for-
est and waste cum grazing land was observed sub-
sequently since the year 1999, SWL was lowered in
the basin between 1999 and 20013 due to less ground-
water recharge with decreased permeable surfaces
and decreased rainfall, except in a few locations in
the valley fill region plausibly due to the secondary
recharge through seepages, infiliration of irrigational
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wastewater, and waterlogging in the agricultural
fields. A continuous lowering of SWL after 2015,
even after incressing the rain amount significantly,
indicates overexploitation of groundwater in the
region. Enhanced wse of fertilizers has resulted in
an increased concentration of Ma* and C1° ions in
groundwater. The results are further substantiated by
comparing the hydrochemical data for the years 1999
and 2015, which again indicate the high concentra-
tion of Ma* and C1” ions due to waterlogging. From
1999 to 2015, nitrate (average 12.8 mg/ to 16 mgl)
and fluoride concentration (average 0.3 o 0.9) have
also increased because of the excessive use of ferti-
lizers in the agricultural fields. The increasing trend
of nitrate concentrations in water in SUCCEssive years
since 1994 supports the changes observed in an agri-
cultural pattern in LULC maps for the years 1999,
2009, and 2015, The results divulge that the ground-
water quality of the basin has been deteriorating due
to an increase in agricultural practices and demands
for appropriate water management practices.

Keywords LULC - Groundwater - Static water

level - Soan Basin «+ Himalaya

Introduction

Water is an essential natural resource for thriving life

on the carth. It regulates biochemical mechanisms
and contains numercous essential nutrients for human

@ Springer
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1 | INTRODUCTION

Alexander |. Slabunov® © |
| Pradip K. Singh®™® | Natalia S. Nesterova® | Sergei A. Svetov®

Harish C. Nainwal® |

A combined geochemical and Sm=MNd isotopic study on the Palzeoproterozoic
(1,845 Ma) granites of the Lesser Himalayan Crystalline Seguence (LHCS) in the
Garhwal region of MW Indiz has been dome in the present study. These granite
samples are characterized by high silica. alumina, and potash and belong to a
peraluminous to strongly peraluminous series, having molar AfCNEK values of 1.01 to
2.4. The low Py0; contents and its negative correlation with 5i0; presiding out that
thie granites have S-type affinity, also supported by various classification diagrams
[ACF; Si0; ws. Py0s MasO + K,0-Cal, and Thl. The concemtration of trace
elements Ba, Sr, Mb, and Ti are low, and Rb, Th, U, and Pb are found to be high. The
granites have low total rare earth elements contents of 56.19-229.1& ppm with
enrichment in Light rare earth elements (LREE) ([La/¥b]y = 1.61-15.08) and negative
europium anomaly (Eu/Eu* = 0.12-0.31). Sm-Nd isotope studies were also per-
formed for three granite samples. Estimated model apes as 2.5-2.7 Ga, indicates the
contribution of the Archean crustal substrate as their protolith source. Therefore, we
assume that the melting of metasedimentary rocks with Archean protolith can form
these peraluminows granites in an accretional-collisional event, during the
Palaeoproterozoic on the western flank of the Columbia supercontinent.

KEYWORDS
Codumbia supercontinent, Himalaya, lesser Garbiwal Himalaya, Palasoproterozoic, S5-type
granite

Partial melting of crustal pratoliths during regional metamonphism in
arogenic collisions also produces various granites wnder different

Granites are the most sbundant rocks found in the Earth's upper orust
(Bonin, 2007; Brown, 2013} The evolution and reworking of the
upper continental crust are of great significance to wnderstand the
formation of the Earth [Hawkesworth & Kemp, 2008). A vast body of
literature i avallable on granites, which reveals its diverse rvineral
composition, geochemistry, petrogenesis, and tectonics. There s a
wide consensus in the literature that a substantial number of granites
can originate from fractional crystallization of basaltic magma, like
those at acthve continental marngins (Ulmer, Kaepl, & Mintener, 2008)

temperature and pressure conditions ([Brown, 2010; Clernens, 2012
Collins, Huang, & Jiang, 2014).

Partial melting of supracrustal or sedinventary rocks can praduce
strongly peraluminous [5P) granite, classified as ‘S-type” granites
[Chappell & White, 19741 The 5-type granites are freguent in the ono-
genic belts (Chappell & White, 1992 L et al, 2021 and references
therein). However, the production of 5-type pranites entails the depo-
sition and subseguent high-temperature metamarphism of sedimen-
tary rocks, which ls cruclal to understand heat flow in the orogenic
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Abstract

Himaleyan ghoiers have been shrinking and leaing mass rapidly since 19708 with an eshancad
rate after 2000, The shrinkage &, however, quite beterogeneous and it s impornant 1o docussent
individual ghecier charaeristics and ther changes at tdhe basin scale. We peesent an opdated
glacier inveniory of the Upper Aliknends Basin (UAB), Comral Himabeya for the pear 2020
amd repert aped, debris cover and kengih changes for the periods 19942006 and 2006-2020
based om remote-sensing dara. We identified 198 glaciers, comprising an area of 35346+ R5
lor, and classified them o their size and moephology. The ghiciers of the basin
boat 4.2+ 29% D06+ 0 10% ") of deeir fromtal aeea {from 36E6 =92 pa 35302 5.3 b
fresn 1994 1o W00 The average relpeat rade wak bhigher in the pesiod 2006-2020 (13.3+ 18m@m
a7y im comparissn o 1994-2006 (9.3 = 19 ma™"). Hewever, the area dhange rate was similar
for the tune perseds (014 £ 027% 47" for 1994-2006 and 016+ 019% 0" far 2006-3030). The
debris-coversd area has incressed by 13.4 2 4.4% feom 1994 10 2020 A comparisan with previom
wadics im UAR indicates. constrent ares logs of ~015% 27" snce the 1960

1. Imtroduction

Himakiyan glaciers are shrinking and bosing mess af mtes comparable o the ather reghons of
the ghote [Bolch and others, 2002; Azam and osthers, 2018; Hock and others, 2009 Hugoneet
ansd wthers, 2020). The boe loss has deardy incresiad afier 2000 which can mainly be sttriboted
1 the ourrent phase of accelerated armospheric warming in the segion (Sakad and Pujite, 2017;
Bolch amd athers, 201% King amd others, 2019; Maurer and others, 201% Bhattacharya and
others, 2021). Hecemt projections indicate that, depemding on the climale scenario,
Himakiyan glaciess will lose benween 30 and 60% of their current mass by the ensd of the
20st cenbary (Kraafjenbeink and others, 2007; Rousce and others, 20000, This will sdversely
affect the run-off in the major river systems of High Mounmis Asia (Bolch, 2007
Immerzee] and others, 2020 Aram and others, 2021), particolarly doring periods and years
with ko peecipitation [Pritchard, 2009).

Remote-sensing and field- based measuremsents indicate that the glacier changes are variahle
throughout the Himalaya (Scherder and others, 20011; Kolkami and Karyakane, 2004; Azam
amd wthers, 3018]). The genaral behaviour of the glackers s driven by climate, primarily by tem.
peratare ansd precipitation {Oerlemans and others, 1958; Oerlemans, 3005). Hiowever, the indi-
vidumal glacker response to the dimaric foecieg ks sirongly controlled by sos.dimatic Goors
determized by and the eemt of debris cover [Salemoe and others, 2007; Bush
and Bishop, 2012). Corsequestly, two neighbouring hasies that experience a similar
climate could respond guite differently to dimate foecing due to differesces im the topognaphic
seitings (Carg and others, 2007). It ks therefore imporiant o ases the infloence of climatic
ansd topographic parameters om the glacker changes at besin scale. Im this paper, we concentrate
amn the Upper Alaknands Basin [UAB] in the Central Himalaya where soch investigations are
limired and no detallad wp oo date glacier invemory ansd estimates of gladier area change exir
A basin scale glacker inventory & available for the year 2006 and area changes were etimaned
for the period betwesn 1968 and 2006 (Bhambr and others, 201 La). The present stody focses
an the pericd from 2006 cewards. The previous work done in the UAB is reviewed helow.

Bhambwi and others (201 La) generated a glacier inventory of 83 glaciers im the basin for the
year 206 and reported am area loss of 572 2.7% (004 +006%a ) from 1968 o 2006
Sorface elevation changes of gladers of UAB have beem recemly reponed from 2000 1o
1014 {Bandyopadhyay amd others, 2001%) and for the period 2000-2017 by Remya and others
(2020}, Bath sisdies indicate am almost similar mean sorface bewering, 0.37 moa™" (2000- 2014}
amed 033 ma™" [2000-2007). Based om simple models validaied with limited field data, the
bee violumee of the basim has been eatimated 1o be Mm:'l‘nr:htwmlﬁihluhmm
others, 30210

There have been several stodies of the larger glaciers In the Basin Field shedies on
Satopanth and Bhagirath Kharak glaciers by Mainwal and others (2007) repart theee phases
of gladarion im the valley during late quaternary period Mainwal and others [2008) have

crding byl

@Ermhurl.



www.nature.com/scientificreports

SCIENTIFIC REPg}RTS

OPEN :

Received: 17 May 2017
Aceepted: 19 October 2017
Fublished online: (6 Movember 2017

8000-year monsoonal record from
Himalaya revealing reinforcement
of tropical and global climate
systems since mid-Holocene

Pradeep Srivastava’, Rajesh Agnihotri®, Deepti Sharma®, Narendra Meena®, Y. P. Sundriyal?,
Anju Saxena’, Ravi Bhushan*, R. Sawlani®, Upasana 5. Banerji*, C. Sharma®, P. Bisht?!,
M. Rana® & R. Jayangondaperumal®

We provide the first continwous Indian Summer Monsoon (ISM) climate record for the higher Himalayas
{Kedarnath, India) by analyzing a **C-dated peat sequence covering the last -8000 years, with -50 years
ternporal resolution. The 1SM variability inferred using various proxies reveal striking similarity with

the Greenland ice core (GISP2) temperature record and rapid denitrification changes recorded in the
sediments off Peru. The Kedarnath record provides compelling evidence for a rearganization of the global
climate system taking place at -5.5 ka BP possibly after sea level stabilization and the advent of inter-
annual climate variability governed by the modern ENSO phenomenon. The ISM record also captures
warm-wet and cold-dry conditions during the Medieval Climate Anomaly and Little Ice Age, respectively.

The Himalaya is the tallest tectonically-uplifted mountain range in the Indo-Pakistan-China region, currently
supporting ~15% of the worlds population'. Several past human civilizations have originated, flourished,
and disappeared along the flow paths of major Himalayan river systems, including the Indus-Saraswati, and
Gianga-Yamuna-Brahmaputra. Precipitation associated with the Indian Summer Monsoon, melting of glaciers,
and sub-surface (ground) aquifers collectively ensure the availability of water in these river systems. Additionally,
high-altitude regions of Himalaya also receive rainfall induced by westerly winds during late winter and spring
seasons. In the scenario of global warming, the duration of monsoonal-rainfall is anticipated to decrease but the
frequency of extreme rainfall events may increase’. The concurrent precipitation trends appear to be supportive
of such a case’. For example, recent rainfall events, such as in 2013 (mid-June) when massive flash floods cansed
colossal damage to human-life and infrastructure worth -53 billion®, indicate emergence of such a scenario.
Recent studies strongly indicate that a above normal monsoon year is likely to be punctuated with high rainfall
events. Reconstruction of high-resolution monsoonal variability spanning the Holocene is required to bet-
ter understand the changing rainfall patterns amidst anthropogenic climate change®. The Kedarnath area in the
Garhwal Himalaya could serve as an excellent locale for recovering such paleo-records. As the Kedarnath area
lies over the northern limits of Inter Tropical Convergence Zone (ITCZ), it is expected to capture subtle changes
in the ISM variability.

To date, the majority of the ISM records spanning the Holocene are from Arabian Sea sediments, cave depos-
its from peninsular India and lacustrine/peat sequences from central and north-western India’™ ', Retrieving
high-resolution monsoonal variability from terrestrial geological records is complicated due to several reasons
such as regional influences masking the climatic signal, variable proxy response, and chronological uncertain-
ties. Nonetheless, a few paleo-monsoonal records covering the Holocene have recently been reconstructed from
the northwest Himalaya'* %51 A globally inter-comparable ISM record depicting Holocene climate variabil -
ity, however, remains elusive. Monsoon climate experts and modelers underscore the importance of reliable
proxy-records dating back to —6 ka BP when sea levels stablized globally*". These records can be exploited to
ascertain natural dimate variability and primary operative forcing factors.

“Wadia Institute of Himalayan Geology, Dehradun, India. “Birbal Sahni Institute of Palasosciences, Lucknow, India.
*HME Garhwal University, Srinagar, Uttarakhand, India. *Physical Research Laboratory, Ahmadabad, India. *CSIR-
Mational Physical Laboratory, Mew Delhi, India. Correspondence and requests for materials should be addressed to

- PS5 (email: pradesp? 1s{@rediffmail com)
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Pattern of Holocene glaciation in the monsoon-dominated Kosa Valley, central
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Reconstruction based on the geomorphology, Lateral moraine stratigraphy, and limited optical chronalogy ndi-
cate that the monsoon-dominated Kosa Valley experienced four gladal advances during the Late glicial to late
Holocene. The oldest and most extensive gladation, which i termed as Raj Bank Stage-1 (RES-1), is represented
by the degraded moraine ridge. This glaciation remaing undated; however, the chronology of outwash temace
gravel dated to 127 + 1.3 ka incdicates that the RES-1 probably repressnts the Last Glacial Maximum (LGM ).
The second glacial advance | RBS-2) is presenved as a curvilinear lateral moraine and is dated to 6.1 £ 04 ka.
The third glacial advance viz, RES-3 is bracketed between 5.0 £ 0.5 and 4.0 + 04 ka Following this, the glacier
receded in pulses that are represented by two distindt recessional moraines (RBS-3a and b). The: forth glacial
stage [RES-4), which is dated between 22 + 0.2 and 1.6 + 0.2 ka, shows a pulsating recession and is represented
by a prominent recessional moraine [RES-4a). Whereas, presence af unconsalidated, poarly defined moraine
mounds proximal o the glader snout are asmribed a5 neogladal advance comesponding to the Litte loe Age [LIA).
With the lirmited chromometric data, we speculated that the glaciation was driven during the weak to moderate
Indian Summer Monsoon (156 aided by lowered temperature. Presence of recessional moraines associated with
mid-Haolocene glacial phase indicate that the monscon-dominated glaciers respond sensitively to minar (sub-
millenmial scale} changes in temperature and precipitation conditions. The observations are broadly in aocor-
dance with the studies carried out i other monsoon-domimated valleys in the central Himalaya, mmplying that
in 5M dominated regions, lowered temperature ssems to be the major driver ol glaciations during the late glacial
tur late Holocene.

© WNE Published by Elsevier BY.

1. Introduction

Holocene period has experienced centennial o millennial scale climatic
oscillations (Hong et al, 2003 ; Wang et al., 2005; Feitmann et al, 3007),

The sensitivity of the Himalayan glaciers to the temporal changes in
predpitation and termperature are used successfully to reconstruct the
past climate variability (Al and Juyal, 2013, Ali et al,, 2013; San et al.,
2014; Bisht er al, 2015; Sharma et al, 2016). Particularly, the recon-
struction of Holocene glacier fluctuations has grown in significance
owing to the anticipated global climate change (IPCC, 2007 WGMS,
H08). The study pertaining to the Holocene glacier fluctuation allows
us to verify and eventually adjust the glacier models for predicring fu-
ture glacier changes (Winkler and Matthews, 2010). In recent times,
significant progress has been seen in the Hobocene glacier chronologies
from the Himalayan-Tibetan orogen (eg., Ali et al,, 2013; Owen and
Dortch, 2014; Sad et al, 2004; Bishr et al,, 2015). Considering that the

* Cormesponding author.
E-muil sebdrese pi bishodgmailoom [P Bisht).

hitp:ebedol arg 10, 1016/ peomorph 20161 1.023
0165-55520C 2016 Published by Elsevier BV

glacier response particulary from the EM-dominated regions like the
central Himalaya needs to be understond. Some studses from this region
(e, All et al, 2013; Sati et al, 2014; Bisht et al,, 2015) have demonstrat-
ed that the maraines befi behind by receding glaters can be used to infer
relative chamges in past predpitation and temperature.

In addition to this, the timing and amplitude of Holocene glaci ation
has become extremely important because studses suggest that despite
an increase in the solar insolation, glaciers in the southern part of the Hi-
malayan ranges advanced during the early Holocene (Rupper et al_,
2009). Himalayan glackers are nurtured by the mid-latitude westerlies
and I5M (Finkel et al, 2003; Yang et al, 2008) and the influence of
these two weather systems varies spatially and temporally {Benn and
Owen, 1998). For example, in the central Himalaya, studies suggest
that an increased landward moisture flus during the LGM {Dyvkoski et
al, 2005; Sinha et al, 2005; Wang et al, 2005; Herzschuh, 2006)

PMease cite this article as: Bisht, P, et al, Pattern of Holocene glaciation in the monsoon-dominated Kosa Valley, central Himalaya, Uttarakhand,
India, Geomorphology (2016), hitp://dxdolorg/ 10,1016/ geomorph 201611023




GEDMOR-05811; Mo of Pages 10
Ceamarphalogy xoo [2016) xoo-xxx

Contents lists available at ScienceDirect

Geomorphology

SEVIER journal homepage: www_elsevier.com/locate/geomorph

Assessing operative natural and anthropogenic forcing factors from long-term climate
time series of Uttarakhand (India) in the backdrop of recurring extreme rainfall events
over northwest Himalaya
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The entire Indo-Himalayan region from northwest (Kashmir) to northeast (Assam) is facing prevalence of floods
and landslides in recent years causing massive loss of property, human and animal lives, infrastructure, and even-
mally threatening rourist activities substantially. Extrernely intense rainfall event of 2013 CE [between 15 and
17 June) kicked off mammath flash floods in the Kedarnath area of Uttarakhand state, resulting in huge socioeco-

ForasSatihe cnisae 00t nomic losses to the state and country. Uttarakhand is an important hilly region attracting thousands of tourists
" . EVETY year owing o numerous shrines and forested mountainous tourist spots. Though recent studies indicate
Himalayas a plausible weakening of Indian summer monsoon rainfall overall, recurrent anomalous high rainfall events
Flash floads over northwest Himalaya (eg. -2010, 2013, and 2016) point out the need for a thorough reassessment of long-
Arctic Oscillation term time series data of regional rainfall and ambient temperatures in order to trace signatures of a shifting pat-

Extreme rainfll events tern in regional meteorology, if any. Accordingly, here we in = 10-year-long monthly rainfall and air
ternperature time series data for a selected grid (285N, 31.25"°N; 78.75"E, 81.25°E) covering most parts of
Uttarakhand state. We also examined remporal variance in interrelationships among regional meteorobegical
data [remperature and precipitation) and key global climate variability indices using advance statistical methods.
Major findings are (i) significant inmease in pre-monsoan air termperature over Uttarakhand after 1997, (i) in-
creasing upward trend in June-july rainfall and its relationship with regional May temperatures (iii) monsoonal
rainfall (June, July, August, and Septernber; JJAS) showing covariance with interannual variability in Eurasian
snow cover (ESC) extent during the month of March, and {iv) enhancing tendency of anomalous high rainfall
events during negative phases of Arctic Oscillation. Obtained results indicate that under warming scenario, J|
rainfall [over AS) may further increase with occasional extreme rainfall spells when AD index (March) is
negative.

© 2016 Published by Elsevier BV,

1. Introduction

The Indo-Himalayan region from northwest to northeast (Kashmir
to Assam) acts as a barrier for ascending moisture-laden clouds that
are advecting northward with the seasonal northward movement of In-
tertropical Convergence Zone (ITCZ) during boreal summer. This brings
SUmMmer Monsoon precipitation over all mountainous, Himalayan foot-
hills and plain regions of India, Pakistan, Nepal, Bangladesh, and

* Corresponding asthar at Birbal Sahni Institate of Palecsciences, 53 University Road,
Luckmow, India.
E-rmuni oddress: rajagnid@gmail.oom [ Agnihotri).

http://dx doiorg 01016 geomorph 201 6.10024
0169-555X40 2016 Published by Elsevier BV,

Myanmar. In Northwest Himalayan region Kashmir, Himachal Pradesh,
and Utarakhand (UKS) are three major hilly regions that are
characterised by several mountain peaks, valleys, glaciers, rivers, and
thick forest cover supporting a large biodiversity. Among the three
northwest Himalayan states, UKS has special importance for having sev-
eral sacred shrines and tourist spots that are visited by a number of pil-
grims/tourists every year during summer. The period of famous holy
pilerimage ( the Char dham yatra) overlaps with the early summer mon-
soon period as typically summer monsoon rainfall may arrive over UKS
from second to third week of June, gripping the entire state by mid of
July. The source of moisture during summer monsoon precipitation is
mainly from the Bay of Bengal but in certain cases moisture from the
Arabian Sea can also contribute {Sengupta and Sarkar, 2006).
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W use depasits to reconstrsct a record of past fleods for the Alakmanda-Mandakini Rivers ([ Garhwal
Himalaya), the Indus River [ Ladakh, MW Himalaya) and the Brahmaputra River (NE Himalaya). The deposits are
characterized by sand-silt couplets, massive sand beds, and from debris flow sediment. The chronology of
paleoflood deposits, established by Optically Stimulated Luminescence (05L) and “*C AMS dating techniques, in-
dicates the following: (i) The Alaknanda-Mandakini Rivers experienced large floods during the wet and warm
Medieval Climate Anomaly (MCA); (i) the Indus River experienced at least 14 large floods during the Holocene

:'W, climatic optimurm, when flood discharges were likely an order of magnitude higher than those of modemn floods;
Himalayan rivers and (iii) the Brahmapuira River experienced a megaflood between 8 and 6 ka. Magnetic susceptibility of flood
Chronology sediments indicates that 10 out of 14 floods on the Indus River originated in the catchments draining the Ladakh
Palenclimate Batholith, indicating the potential role of gladal Lake outbursts ( GLOFs ) and)'or landslide lake owtbursts [ LLOFs ) in
GLOF compounding flood magnitedes. Pollen recovered from debris flow deposits located in the headwaters of the
LLOF Mandakini River showed the presence of warmth-loving trees and marshy taxa, thereby corroborating the find-
=M ing that floods occurred during relatively warm periods. Collectively, our new data indicate that flocds in the
Himalaya largely ocour during warm and wet climatic phases. Further, the evidence suppons the notion that
the Indian Summer Monsoon front may have penetrated into the Ladakh area during the Holocene dlimatic

optimum.
© 2016 Elsevier BV. All rights reserved.
1. Introduction et al, 2008, 2013). The frequency of flooding in the upper Ganga, as well

Under the influence of the Indian Summer Monsoon (15M), rivers
originating in the Himalaya and Tibet are susceptible to flooding. There-
fare, = 15% of the world's population, which is supported by the major
Himalayan rivers, including the Indus, Ganga, Brahmaputra and Yang-
tze, are at nsk from flooding (Webster et al. 2011). As an example, in
the Garhwal Himalaya extreme rainfall in 2013 led to the most cata-
strophic flood of the millennium (Sundriyal et al., 2015; Ziegler et al,,
2014). In general, large Moods in the Upper Ganga Catchment are fre-
quent. For example, there have been two significant *flash’ floods in
the recent history of the Alaknanda River (1894 and 1970; Wasson et
al, 2008; Rana et al., 201 3) prior to the 2013 event. Further, paleoflood
deposits show that there have been 12 mayor floods on the Alaknanda in
the last 300 years - equivalent to mare than one every century {Wasson

* Corresponding author.
E-rmui address: pradesp@wilg resin (P Srivastava).

hip:idxdoiong10101 6] geomonph 201612011
0169-555540 2016 Elsewier BV, All rights reserved.

as other large Himalayan rivers, demonstrates the need for long-term
records of high-magnitude floods to assess flood risk in the Himalayan
region - an area where even short-term discharge and rainfall records
are rare (Megi, 2002 ).

Faleoflood hydrology enables the extension of flood histories be-
yond the instrumental records and thus can provide long-term records
of flood frequency, magnitude and trends (Kochel and Baker, 1982).
Floods in the Himalaya often oceur in response to heavy rainfall during
the annual monsoon period or as a result of a monsoon anomaly [Kale,
2004; Ziegler et al, 2014). According to Rasmussen and Houze (2012),
flash floods result from a myriad of storm types with differing structures
and synoptic conditions (cf. Doswell, 1985; Doswell et al., 1996;
Maddox et al, 1978). For example, the 2010 flash flood event in Ladakh
{upper Indus) was caused by a large | meso-scale) rain-producing clowd
system that formed over the high Himalaya and Tibetan Plateaw, and re-
ceived additional meisture from monsoon air masses moving north-
ward from the Arabian 5ea and Bay of Bengal ( Rasmussen and Houze,
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The entire Himalayan region is prone to disasters, with many people being vulnerable to hydroclimatic threats
such as extreme rainfall-driven floods, glacial lake outburst floods (GLOFs), landslide lake outburst fleods
(LLOFs), and landslides triggered by rainfall. Landslides and floods are related, as the farmer cause the lakes
that burst, and flocds can undercut slopes and cause landslides. During the past 200 years, landslides and floods
causad by LLOFs in the Garbwal Himalaya have oocurred in 1894, 1970, and 1978, but the most disastrous event,
in terms of loss of life and economic impact, eocumed in June 2013, which was a result of extreme rainfall in the

:yd.mclir;ul:icl:l'reat Higher th.iaya and hrea_ching of a moraine-darmmed Lake, very short-lived LLOFs, .and_rainfall—induced runaff
Landslide susceptibility and landslides. Cutmigration from the area as a result of the 2013 event has caused anxiety about the future of
Weights of Evidence the econemy and also concerns about security of a state that has an international border. As a contribution to
Diisaster gavernance planning and reconstrisction to secure the lvelihoods of the local people and to entice migrants to return, this
paper identifies zones in the Mandakini valley susceptible to landslides using a “Weighits of Evidence’ approadh.
The rodes of dirnate, geology, and geomorphology of the valley are also given attention to explain the reasons for
the disastrous event of June 2013. The results of the research presented here may be an important input to disas-

fer governance.
© 2016 Elsevier BV, All rights reserved.
1. Introduction wiere blocked by landslides, many of which were caused by undercut-

In June 2013 the Uttarakhand Himalaya witnessed an extreme rain-
fall event that created flooding and large numbers of landshides in many
river valleys. Generally, the monsoon ocours in the second week of July
in Uttarakhand, but in 2013 it armived one month early. Owing to high
rainfall from 15 to 18 June 2013, rivers had high discharges causing
Nooding and destruction of lives, livelihoods, and infrastructure, The
peak time for Hindu pilgrims to visit the area, particularly Kedarmath
temple and also for other tourists, is from May to October. Thus the
monsoon period is the time of maximum traffic and high population
density in the area with a high risk of exposure of people to hazards be-
cause of landslides and floods. The Mandakini valley (in District
Rudraprayag) was the worst affected valley in which about 7000 people
and hundreds of amimals were killed; about 15 km of National Highway
109 were washed away at different locations and at many places roads
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ting of hillslopes by the flood; 97 residential and 53 commercial build-
ings were damaged beyond repair; and 136 residential and 29
commercial buildings were partially damaged (Sundnyal, 2015).
About 317 families were moved to safer places from 28 villages in Dis-
trict Rudraprayag [source: http://rudraprayag nicin). After this disaster
many families migrated from the hills to the plains. This outmigration
has added to that already underway as a result of poor facilities and de-
graded agricultural land, leaving about 3600 villages all but deserted
(htep:/timesofindia.indiatimes.com/india/In-Uttarakhand-missing-
opportunities-turn-3600-villages-into-ghost-settlements/articleshow,
49109857.cms ). This trend has caused anxiety in governments with dire
consequences for the economy of the State of Uttarakhand and also con-
cern about its strategic position ¢ it has an international border. If peo-
ple are to be reassured about living in the mountains, and even return to
the mountains, governance regimes need to indude information about
safe and unsafe areas.

5o far, most of the studies published on the June 2013 disaster in
Uttarakhand have analysed the climate conditions and the man-made
factors that aggravated the disaster. These studies are useful for
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The study discusses detail valley formation and sedimentation processes in the monsoon dominated
non-glaciated catchment of the Ramganga river in the Lesser Himalaya. The geomorphic and sedimen-
tological studies in this basin indicates phases of massive aggradation that was controlled mainly by
channel bound processes and debris flows landslides. The luminescence chronology of the fill sequences
suggests that the valley filling occurred mainly in response to the enhanced monsoon after the Last
Glacial Maxima (LGM), during Medieval Warm Period (MWP) and Little lce Age (LLA) This phase is
common in both glacated and the non-glaciated catchments of Himalaya.

The Ramganga River that flows through warious tectonic structures of the Lesser Himalaya shows
development of wide valleys with thick fill deposits in the fault zones. Chaukhutiya Fault (CF) and Binau-
Bhikiyasain-Maurar Fault (BENF) are the rwo main transverse faults where the evolved geomorphology
pertains to their tectonic activity. The computed morphometric variables such as Ratio of valley floor
width to valley height (V) and Stream Gradient Index (5L} show higher walues in the transverse fault
zones. Basin asymmetry vectors along the South Almora Thrust and BENF are characterized by preferred
stream migration in ME and 5W direction suggesting BBNF with dip slip movement. Thick clay deposits at
different sites along the Ramganga River resulting from blocking of the river, particularly along the BENF,
also point towards tectonically induced landslide and channel blockage. Later phase of tectonic activity,
bracketed between 27 and 24 ka, is evident from deformed fluvial deposits in the form of folds and faules.
Evidences of tectonic activity in the form of soft sediment deformation structures (5505} generic to
selsmic activity in layers comprising alternation of clay and sand are observed in the Himalayan Frontal
Thirust [HFT) zone. The diagnostic features such as dykes, faults and folds suggests that the shaking event
took place between 38 ka and 30 ka.

© 2007 Elsevier Ltd and INCUA. All rights reserved.

1. Introduction hundreds of large and medium sized glaciers located in the Higher

Himalaya are extensively studied (Srvastava and Misra, 2008;

The rivers that originate in Lesser Himalaya are non - glaciated
catchments and are generally fed by groundwater and southwest
monsoon. Major river systems that originate in higher and Tethys
Himalaya are generally fed by glaciers in their source areas. Rivers
like the Ganga, the Sutlej, the Yamuna and the Brahmaputra, etc
originating from the elevation of >4000 m amsl and fed by several
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Srivastava et al., 2009; Sinha et a., 2010; Dutta et al, 2012) for the
genesis and climatic significance of fluvial terraces, debris fows,
alluvial fans, landslides, epigenetic gorges, and paleo-flood. Fluvial
and glacio-fluvial landforms in these river systems have been
widely investigated to understand relationship between palaeo-
glaciation, monsoon variability and fluvial dynamics {Church and
Slaymaker, 1989; Ray and Srnwvastava, 2010; Juyal et al, 2010;
Srivastava et al. 2013 Prant-Sitaula et al, 2004) Further, the
Himalaya is cut across by an extensively active fault system (Makata
et al, 1984; Makata and Kumahara, 2002) along with southward
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Landslide Hazard Zonation Study in Eastern Indian Himalayan Region
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Abstract: Sikkim State in the eastern Indian Himalayan Region experiences intensive landslides because of its geologically
brittle terrain coupled with heavy rainfall and anthropogenic influences. Based on satellite images and a toposheet from the
Survey of India, a total of 50 landslides were identified in a study area of 133 8 km®. Among them, 43 were validated in field
survey. The important factors for landslide hazard are identified and thematic maps are prepared in ArcGIS. Impacting
factors including geomorphologic properties, drainage and soil conditions are assigned weight factors according to our work
knowledge in this region to generate thematic layers in ArcGIS for landslide hazard analysis. A landslide hazard zonation
map containing five classes, ranging from very low hazard to very high hazard, is produced. The results provide a reliable
database for disaster detection and post disaster management, which is essential to planning developmental activities in this

district.

Kevwords: landslide inventory, morphometry, landslide hazard zonation, satellite data, thematic lavers

1 Intreduction

Hill slopes in the Himalayan region are ofien prone to
instability due to unfavourable geological conditions, river
systems  with active hydraulic erosion, groundwater
conditions, deforestation and  other  anthropogenic
influences (Rawat et al 2013a). In addition, external
triggering factors such as high annuval precipitation and
selsmic activities also increase the probability of instability
of hill slopes. With landslide hazards, the Himalayan region
15 facing major problems of environmental degradation.
Therefore, all civil constructions and associated excavations
should be properly planned with adequate geological and
geotechnical inputs. For this purpose, there 15 a great need
of landslide susceptibility mapping to identify potential
landslide areas. Sikkim State in the eastern Indian
Himalayan Region (IHR) covers an area of 7,096 km® and
bound in the south by the Great Rangit River, Chumbi
valley in the east, Nepal in the west and Tibet (China) in the
north (Raina and Srivastava 1992). Sikkim Himalayan
region is characterized by high denudation rates, s
suspended load reaches up to 500-1000 tonfkm’/vear
(Starkel and Basu 2000). Most of its rivers constantly shift
channels due to suddenly high discharges during monsoon
seasons (Jana 2002). The study area is in the southern part
of Sikkim state.

Landslide is a common disaster in the East district of

Sikkim under influences of a variety of causative factors,
including  geological structures, geo-fectonic  activilies,
changes of river regimes, high slope vanation, deforestation,
inappropriate land use as well as huge amount of rainfall
that acts as a triggering factor. Damages caused by those
frequent, sudden and unexpected landslides are enormous
and becoming increasingly costly to tackle the associated
problems. Various corrective and protective measures have
been adopted from time to time but the frequency and
magnitude of landslide occurrences have superseded the
controlling measures. A partial reason is due to lack of
proper understanding of individual landslide characters,
mechanisms of slide initiation, as well as in-depth
information of the concerned area. It is true that this type of
natural disasters cannot be checked thoroughly, but proper
remedial measures can reduce the magnitude of occurrences.
Thus, it is the high time to prepare such a data base and
detailed landslide hazard zonation map to take necessary
measures to control those hazards in the study area.

2 Materials and Methodology

2.1 Study Methods

This study includes three components: map interpretation,
field surveys and factor analysis. Detail steps are shown in
(Figure 1).

* Comresponding Author: Manmohan Singh Rawat, email: manmohansinghrwti@gmail.com, Tel: =91 (819) 309-9178

Copynght © Canamaple Academia Services, http://press.camdemia.ca

DOL: 10.15273/ijge 2017.01.005
35



Himalavan Geology, Vol. 39 (1), 2018, pp. 85-91, Printed in India
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Jammu and Kashmir Himalaya, India
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Abstract: Slope stability is a matter of concern for many projects such as buildings, bridges, hydro projects, highways,
raibway, canal and tunnels in hilly terrain. The present study is carnied out between Preng and Ganderbal in Ganderbal
district of Jammu and Kahmir. The Ganderbal hydro project is located on the left bank of the iver Sind. The Sind River is
one of the tributaries of Ihelum River. Slope Mass Rating ( SMR) has been done to identify different classes of slopes, their
vulnerability to instability and Kinematic analysis by Markland's Method, as the said method is applied to decipher the
possible mode of failure and directions in the study area. The said approach was preferred considening the heterogencous
rock mass and being anisotropic with infinitely variable strength parameters that are difficult to determine precisely. The
study concludes with the assessment of rock mass conditions and further categorization into fair and poor categories. As the
area is facing the recurrences of mass wasting and slope failures, it could broadly be classified into planarand wedge failure.
An attempt has been made for the assessment of the rock mass leading to better alignment of highways, tunnels and to
foresee any potential rock slope failure during excavation/construction. SMR study concludes that the area falls in partially
stable to unstable class.

Key words: Kinematic Analysis, Markland's Test, SMR, Ganderbal, Jammu and Kashmir Himalaya.
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INTRODUCTION with the climatic condition and various anthropogenic

interventions have made it susceptible to natural hazards.
Landslides are one of the natural hazards that are common and
peculiar to the state. Almost every year the state faces the
problem of landslides which affect society in many ways like
loss of lives, damage to houses, agriculiural land and other
infrastructures like roads and dam sites. The valnerability has
increased because of presence of unstable and fragile
lithology, seismicity and various unscientific developmental
activities. Deforestation, unscientific construction, terracing,
encroachment on steep hill slopes are a few and foremost
anthropogenic activities which have increased the frequency
and intensity of landslides.

The Himalaya being the voungest mountain chain of the world
is tectonically and climatically sensitive (Poonam ef af. 2007,
Sundriyal er af 2015). Problems of slope failure are very
common in the Himalayan region. Every vear the region faces
several landslides, which create risk to human lives and
infrastructures such as highways and civil structures like
dams, buildings etc. Landslide is defined as the movement of a
mass of rock, debris or earth down a slope (Cruden 1991), can
be triggered by a variety of external stimuli, such as heavy
rainfall, intense earthquake, water level change, and rapid
stream erosion that cause a rapid increase in shear stress or
decrease in shear strength of slope- forming materials
(Asthana & Sah 2007; Bhambri ef af. 2017; Chaudhary ef al.

2010).

The sate of Jammu & Kashmir is strategically very
sensitive and distinct with respect to topography and climate,
most part of the state is mountainous; the topography along

85

The study area comes around a proposed New Ganderbal
Hydro Electric Project in Ganderbal district (Fig. 1A). Itis a
run-off the river scheme located on the left bank of Sind river.
Besides power generation, the project envisages providing
drinking water facilities and irrigation to the local command
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Keywarnds: Source parameters of the small to moderate sarthgquakes are dgnificant for understanding the dynamic ropture
Garhwal-Kumawn Himalaya process, the scaling relations of the earthquakes and for of seismic hazard | ial of a region. In
sslsmicity this study, the source parameters were determined for 58 small 1o moderate size earthquakes (3.0 < M_ < 5.0}
Sormee pammeten occurred during 2007-2015 in the Garhwal-Kumaun region. The estimated shear wave quality Factor {Qu(f))
i::‘::uz values for exch station at different frequencies have been applied to eliminate any bias in the determination of

source parameters. The Qplf) values have been estimated by wsing coda wave normalization method in the
frequency range 1.5-16Hz. A frequency-dependent 5 wave quality factor relation iz obtained as
Quif) = (1529 = 7) f°% =25 by fitting a power-law frequency dependence model for the estimated valoes
aver the whole study region. The spectral (Jow-frequency spectral level and comer frequency] and source (static
stress drop, seismic moment, apparent stress and radiated energy) parameters are obtained asuming o™ wource
muadel. The displacement spectra are corrected for estimated freqg: y-dependent ion, site effect using
spectral decay parameter “Kappa”™. The frequency resolution limit was resolved by quantifying the bias in cormer
frequencies, stress drop and radiated energy estimates due 1o finite-bandwidth effect. The data of the region
shows shallvw focused earthquakes with kvw stress drop. The estimation of Ziniga parameter (c]) suggests the
partial stress drop mechanism in the region. The observed low stress drop and apparent stress can be explained
by partial stress drop and low effective stress model. Presence of subsurface fluil at seismogenic depth certainly
manipulates the dynamics of the region. However, the limited event selection may stromgly bias the scaling
relation even after taking as much as pogsible precaution in comsidering effects of finite bandwidth, attenuation
and site corrections. Although, the scaling can be improved further with the integration of large dataset of
microearthquakes and use of a stable and robust approsch.

Finite-bandwidth effect

1. Introduction

Determination of seismic moment, stress drop, source dimension
and radiated seismic energy of shallow focused small to moderate sized
earthquakes (M,, = 5.0) is an impontant seismological problem for as-
sessment of seismic hazard potential of a region. Variation in stress drop
with space-time is a vital aspect to estimate energy and seismic hazard
analysis.

Following Brune’s model, several researchers (e.g. Fletcher, 1980;
Archuleta et al., 1982; Sharma and Wason, 1994; Kumar et al., 2012)
have contributed in the estimation of source parameters of the physical
processes that releases the energy at the source. Numerous studies have
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been conducted to estimate source parameters to develop the scaling
law relations between spectral and source parameters of the local
seismic events in the Garhwal and Kumaun region (e.g. Sharma and
Wason, 1994; Paul, 2010; Kumar et al, 2012; Borkar et al, 2013;
Sivaram et al., 2013; Paul and Singh, 2017). In this part of the NW
Himalaya, the huge amount of stress concentrates in the upper crust
and it is released partially in the form of micro-earthquakes (Faul,
2010).

Far 1991 Uttarkashi earthquake, the evaluated stress drop values by
Sriram and Khanri (1997) and Kumar et al. (2014a,b) were 50 bars and
526 + 5.9 bars, respectively. Using SH wave spectral analysis, Kumar
(2011) estimated the stress drop valwe of 53.2 + 6.9 bar for 1999
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The Zanskar River, one of the largest tributaries of the upper Indus catchment, drains transversely northward
from the Higher Himalaya, dominated by the Indian to flow through the arid, {1
dominated, highly folded and thrusted Zanskar ranges in Ladakh. The Doda and the Tsarap Lingti Chu join to
form the Zanskar, which in turn joins the Indus at Nimu. With an average gradient of — 4 m/km, the Zanskar has
a gradient —2.5 times lower than that of rivers like the Ganga and Brahmaputra, which flow through the
southern wet Himalaya. Based on Stream Length (SL) gradient index and valley width and beight ratio, the
Zanskar valley can be divided into upper and lower divisions, separated by a gorge of nearly 60 km length. The
river channed in both the divisions is flanked by 10-30m thick valley-fill deposits ﬂnl in the uppet parl are
amlsamaud with fan and paleclake deposits. Using these fills and @ T
Optically lated Lumi (OSL) dating and provenance analysis based on U—Pb meon chronology
!henudyshow that the Zanskar valley aggraded in three phases: (i) the oldest phase during —43 to —32 ka (coal
and wet MIS 3), (i) during 20-12 ka, a climatic transition from the dry LGM to the wet early Holocene and (iii)
the youngest aggradati phase d b 9 and 6 ka, ponding with the gth d
phasedlheenriy-tmd The study implies that, during the oldest aggradation phase, the wider Padam
basin stored 3.25 = 0.11 km” of sediment, which, in the present geomorphic setup is 0.96 = 0.10 km”. The
provenance analysis suggests lhal despite the pruemeol’ the deep narrow gorge and a low gradient, the upper
and lower Z: d hout their aggradational history. Unlike in the southern

Keywords:
Ladakh Himalaya
Zanskar River

valleys c
wetter Himal where h -wide exh

ls the main source of sedimentation, valley filling in the

Zanskar basin has been overwhelmed by sediment derived from headward erosion.

1. Introduction

Fluvial systems actively respond to spatio-temporal changes in the
climate and to solid Earth forces, and these responses are recorded in
the fluvial landscape and sediments. Interplay between tectonic and
climatic forces drives landscape development during active orogeny;
however, the effects and resultant erosion pattern from these drivers
remain a matter of curiosity (Starkel, 2003). The hotspots of erosion
and deposition in a river valley in an active mountain system are
governed by the pattern of rainfall distribution and its interaction with
various tectonic discontinuities. In the Himalaya, for example, river
terrace and valley-fill chronologies suggest that drier climatic phases
have led to valley filling and that rivers have incised and formed ter-
races during episodes of wetter climate (Srivastava et al., 2008; Ray and
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Srivastava, 2010). River systems draining from the southern Himalayan
front have been studied ively so as to understand the ion
between the intensified Indian Summer Monsoon (ISM) and the ag-
gradation and incision represented by fluvial terraces (Bookhagen et al.,
2005; Srivastava et al., 2008; Srivastava and Misra, 2008; Juyal et al.,
2010; Ray and Srivastava, 2010), and the relationship between climate
and tectonic activity in the evolution of the Himalaya (Hodges et al.,
2004; Pratt-Sitaula et al, 2004; Thiede et al., 2004). These studies
suggest that rivers draining the southern front of the Himalaya are, in
general, characterized by (i) drier and glaciated headwaters and wetter
lower reaches, (ii) high relief (> 3500 m) between the headwaters and
the exit from the mountains (~200km), implying steeper-gradient
longitudinal river profiles, and (iii) widespread valley fills that are
composed of sediments derived from catchment-wide denudation and

ised form 17 April 2019; Accepted 17 April 2019
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Landslides triggered by monsoon rainfall are a recurring hazard that lead to loss of life and cause enormous
property and infrastructure damage in the Indian Himalaya. This study is focused on understanding the role of
extreme rainfall and physical factors in causing landslides in the Indian Himalaya, particularly in the Mandakini
Catchment where an enormous landslide and flood disaster occurred in June 2013 following a two-day extreme
rainfall event. Results indicate that sub-daily extreme rainfall depths causing landslides vary with elevation
across the catchment. Antecedent rainfall six days prior to the extreme rainfall event was found to have substan-

Indian “iw tial depths that could have primed the area for landslides. Except for aspect of slopes, the causative factors
Extreme rainfall including land use/land cover, lithelogy, elevation, slope, river network, distance to roads, and total extreme
Rain-induced landshides rainfall as a triggering factor were found to be statistically significant in causing landslides in the catchment.
Landstide susceptibility map The final product of the study is a new landslide susceptibility map that better delineates the landslide prone
regions in the disaster-prone Mandakini Catchment after the June 2013 extreme rainfall event. The Map was
prepared using logistic regression that shows medium and high susceptibility zones at upper sections of the
catchment as well as along the Mandakini River and its tributaries where major sacred shrines, tourist spots

and human establishments are located.
© 2019 Elsevier B.V. All rights reserved.
1. Introduction was a harsh reminder to residents, visitors, and government officials

The Himalaya 1s the youngest and the highest mountain range in
the world, where several religious and tourist destinations are located
that are visited by thousands of people every year (Ziegler et al.,
2014; Champati Ray et al, 2016). The Indian Himalaya is also
geomorphologically unstable due to the intense monsoon precipitation
regime and tectonic activity, contributing to the occurrence of a range of
environmental hazards, including earthquakes, landslides, landslide
lake outburst floods (LLOFs), glacial lake outburst floods (GLOFs) and
flash floods (Bitham, 2004; Mugnier et al., 2013; Wasson et al., 2013;
Ziegler et al., 2014; Allen et al., 2016). Such natural hazards transform
into disasters due to rising populations, poorly regulated tounism indus-
try, and poor infrastructure development including road network
expansion in environmentally sensitive zones (Ziegler et al, 2014;
Bhambri et al., 2016). The 2013 landslide and flood disaster in the
Indian Himalaya, particularly in the Mandakini Catchment and its
neighborhood in the Garhwal Himalaya (part of the Indian Himalaya),

* Correspording author at: Department of Geography, AS2, #03-01, 1 Arts Link, Kent
Ridge, 117570, Singapare.
E-mail addresses: bhardwaj_alok@uenus.edo (A Bhardwaj), spprw@nus edusg
(R] Wasson), adz@nusedusg (AD. Ziegler), winstonchow@nus.edisg (W.T.L Chow)

hittps://doi.org/10.1016/.geomorph.2019.01.010
0169-555X/0 2019 Elsevier B.V. All rights reserved.

of the vulnerability within the Indian Himalaya, which is both inherent
and arguably growing (ADB, 2013; Das, 2013; Ziegler ct al., 2014)
(Fig. 1).

In this paper, the recent landslide and flood event of 2013 is adopted
for the study. The 2013 disaster in the Mandakini Catchment is now
considered to be the largest rainfall-induced landslide and flood disaster
in the last millennium across the Indian Himalaya in the Uttarakhand
state of India (Wasson et al,, 2013) (Fig. 1). On the 16th and 17th June
2013, high depths of rainfall occurred in the Mandakini Catchment
that triggered a large flash flood and several deadly landslides in the
region (Martha et aL, 2015; Sundriyal et al., 2015; Rawat et al., 2015;
Poonam et al, 2016). The Wadia Institute of Himalayan Geology
(WIHG) meteorological observatory at Choraban Glacier camp (3820 m)
reported a total rainfall of 325 mm during the rainfall event (Dobhal
et al, 2013). Two waves of flood were reported by several authors during
the evening of June 16 and moming of june 17 respectively (Dobhal et al.
2013; Ziegler et al, 2014; Champati Ray et al, 2016). The first wave of
flood in the evening of June 16 accumulated sediment and debris in the
Kedarnath town and in downstream areas that was transported by the
Mandakini River. The second wave of flood occurred in the morning of
June 17 after the outburst of the Chorabari Lake that released large
amounts of water that further transported debris and large boulders
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Landslides have been considered widely as principal mass wasting agents in the valleys
experiencing varied influence of tectonics and dlimate. However, pattern of landslides
is rarely addressed in the literature that may act as a surface manifestation of interre-
lationship of tectonics, climate, and lithology. Here, we have attempted to understand
such interrelationship in the context of landslide distribution pattern in the Sathuj val-
ley, Morthwest Himalaya. Geomorphic indices such as steepness index, valley floor
width to valley height ratio, and topographic swath profile were used for tectonic
inference. Daily rainfall data of the year 2000-2014, using 5 rain-gauge stations and
swath profile of Normalized Difference Vegetation Index, were used to deduce spatial
variability of climate. Influence of lithological variability and regional faults; Sangla
Detachment, Main Central Thrust, and Mumnsiar Thrust on the landslide distribution
are also infierred. A total of 55 landslides (20 rock avalanche, 19 debris shides, and 16
rockfalls) are fownd to exist in & dusters along 130 km stretch of the Satluj valley.
These landslides, covering a total area (4] and volume (V) of 1.05 = 107 m® and
4.4 = 107 m®, respectively, are also noted to follow a power law (R® = 0.8) and result
in a scaling relationship of V = (0L180)A%2%

KEYWORDS

1 | INTRODUCTION

Lanesfides are one of the principal mass wasting process in tectonically
active mountaing (Ballantyne, 2002; Howias, Stark, & Allen, 1997;
Sancher et al, 2010; Shroder, 199E). Climate has also been considersd
to contred the distribution and frequency of landslides (Borgatti &
Soldati, 2010 and reference therein). Spatio-temporal interrelationshig
af tectonics and dimate has often been noticed in the collistonal arog-
eny. Hillslope erodion is a primary companent af such interrelation-
ships where surface imprints are generally landsides (Ballantyne,
2002; Hovius et al. 19¥7. Korup, Deramore, & Schiunegger, 20100
Such erosional regime, howeder, ha been nobted to vary spatio-
temparally due to varying climate and tectonic conditions (Thiede,
Ehlers, Bookhagen, & Strecker, 2007). Besides tectonics and climate,
local factors such a6 lithology and structures have also been noted to
coftrol the occurrence and ditribution of landslides (Guerett,
Cardinali, & Reichenbach, 1996 Sanchez et al. 20100

climate, landslide, litho-tectonic, Morthwest Himalyya, Sathj valley

Mometheleds, interrelationship of thede factors: elimate, bectonics,
lithalogy, and strucures have rarely been asocisted with spatio-
temporally varying bndslide distribution pattern. Such distribution
pattern has been found useful for harand sssesament, landicape evo-
lution, and recently to ewvaluate the influence of dimate dhange
(Borgatti & Soldati 2010 Crozier, 2010; Howius et al, 1997;
Reichenbach, Galli, Cardinali, Gurzetti, & Ardizzone, 2004). However,
there are mary limitations (o infer temporally varying landslide distr-
bution, such s delineation of individual fallure events on reactivated
landshide, loss of lndshide scarp caused by successive mass move-
ment. vegetation growth on detsched debris. and dating corstraings
(Larg Maoya, Corominas, Schrott, & Dikau, 1999)L But spatial distribis-
tion can be achieved ssdily wing high-resolution sateliite imagery and
subsequent ground truthing, and hence, this study pertains to such
spatial distribution pattern.

Recently, Google Earth (GE) bmagery have been wsed widely for the
landshide distribution mapping owing to high resolution, free, sasy,

Geodogicsl foumal. 208;1-15.

wileyanbinslibrary compounmal 'gj
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ABSTRACT ARTICLE HISTORY
The Bhagirathi Valley is investigated to understand the impact of Recelved 3 October 2019
various barrages and dams on natural river flow. The multiple bar-  Accepted 12 March 2020
rages and dams in the walley (downstream of the Bhatwari

Village) have obstructed/disrupted natural flow of the river which ~ KETWORDS

has adversely impacted geomorphological and ecological func- E:E,:;:ddﬁﬁr;:m

tions of the river. Besides, it is observed that during and after the instability: reser-
implementation of the hydropower projects, the terrain stability i dawdown
was severely affected due to creation of fresh landslide zones,

destruction of forest and rural infrastructures including the mar-

ginal agricultural lands. The study observes that lack of detailed

geological, geomorphological and ecological investigation prior to

the execution of the hydropower projects led to the terrain

instability. Further, dearth of detailed scientific studies was

responsible for the lack of comprehensive engineering/bioengin-

eering measures and catchment area treatment plans as also the

measures for resenvoir rim slope stability. Taking cognizance from

the Bhagirathi valley, present study calls for a detailed multidiscip-

linary study in the Himalayan valleys where the rivers are likely to

get impounded for hamessing hydropower.

1. Introduction

The Himalaya, one of the youngest orogenic belts and ecologically sensitive terrain is
severely impacted by soil erosion, landslides, and flash floods. The recent most
example is the June 2013 Uttarakhand Disaster which not only took a heavy toll on
life but also severely damaged wvarious hydropower projects in the region
{Theopheophilus, 2013; Sati and Gahalaut 2013; Ravi Chopra Committee report 2014;
Sundriyal et al. 2015). Studies suggest that the majority of the Himalayan floods ori-
ginate in the vicinity of the southern flank of the Higher Himalayan Crystalline
(HHC) also known as the southern mountain front. These floods are largely associ-
ated with the Landslide Lake Outburst Floods (LLOFs) (Kimothi and Juyal 199&;
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ABSTRACT

Mega floods generated due o catastrophic lake outburst in the Tsrap Lingti Chu (upper Zanskar valley) indicate that the Glacial Lake Outhurst was the
maajor factor which is popularly known as Glacial Lake Outburst Floods (GLOFs). Optical chronology suggesis that the floods occumred during the later par
of the Marine Isotopic Stage-3 dated 1o -39 ka and during post Last Glacial Maximom (LGM) dated 1o —15 ka. Flow velocity using the sedimentological
criteria and employing empirical methods provides a broad estimate of 9.98£1.5 m/s for the flood deposits dated to 15 ka. The minimum paleo discharge of
39 ka flood event is estimated 1o be 9702.67+537.3 mYs. The study suggests that the Aoods occwurred during the wet and warm climate conditions.

Keywords: Paleo flood, Paleo discharge, GLOFs, Optical chronology, north western Himalaya,

INTRODUCTION

Catastrophic  mega-floods  which are  associated with
spontaneous release of large amount of impounded water,
like landslide lake outbrust floods (LLOFs), Glacial lake
outhrust fAoods (GLOFs) and floods due to extreme weather
conditions, intensively affect the morphology of the orogeny
{Baker ef al., 1993; Richardson and Reynolds, 2000; Korup
and Clague, 2009; Dortch er @i, 2011; Sundrival er al, 2015;
Poonam ef al., 2017). Seasonal flooding, which are associated
with increase in temperature and precipitation and have a
nearly fixed frequency of every year, are mainly responsible for
transportation—deposition of sediment within the channel limits,
as their velocity and discharge are in the lower flow regime.
Whereas, mega flood events are accompanied by large-scale
mass movement causing lateral and vertical incision; however
transient storage of sediments from these floods provides an
evidence of their occurrence and intensity. As compared to
Ganga plains and Tibetan Platean, Himalavan orogen is known
to wilness for the higher extreme events. These events are
more frequent in the dry Trans Himalayan region (Bookhagen,
2010). For example, o name a few, on August 6%, 2010 a cloud
burst triggered debris fow generated flash Alood, having peak
discharge of = 1000 m*/s, that virtually devastated the Leh Valley
(Hobley e al., 2012; Thayyen et al., 2013). On 7" May 2015,
due to damming of Tsarap Lingti Chu near Phugtal, which stored
nearly 35=10° m* water, a LLOF was generated in the Zanskar
causing unprecedented damage in the valley. Considering that
the and Trans Himalayan region of NW India is wilnessing
rapid urbanization (> 20% over a time period of two decades,
from 1981 to 2001) (Goodall, 2004), it 1= considered as one
of the most vulnerable terrain in terms of its susceptibility
towards unusual weather events (Ziwegler ef af, 2016). It has
been suggested that under the warm earth scenario, there would
be an increase both in frequencies and magnitude of Aoods in
the Himalayan region (Agnihotri er al., 2017, Wasson et af.,
2013). In view of this, it is important to understand the causes
of the floods both during the historical (geological archives) and

in the recent past in order to generate the data so that it can
feed to the model of simulation for future prediction. Towards
this, beyond the instrumental records, sedimentary archives of
palen floods becomes important that are wsed extensively i
the recent imes (Kochel and Baker, 1982, Kale, 2000; Wasson
et al., 2013; Sharma er al, 2017, Srivastava et al, 2017).
Sedimentary records of large food over a time scales of 10°-10¢
year are wide spread in the Himalavan ranges (Burbank, 1983;
Cornwell, 1998; Richardson and Reynolds, 2000; Seong et al.,
2009; Wasson ef al., 2013; Sharma et af., 2007, Srivastava et al.,
2017; Panda et af., 2020). These archives can be preserved as
Slack water deposits (SWDs) (Wasson er al, 2003; Sharma er
al., 2007, Srivastava et al., 2017), massive sand beds on fluvial
terraces (Montgomery er al., 2004; Lang er al, 20013; Panda
et al., 2020), and debris low deposits (Bookhagen et al., 2005).
Paleo- hydrological assessment of these archives provides the
information about the intensity of these events. In the present
study an attempt has been made 1w generate paleo-flood data,
using sedimentary archives of past floods that are preserved
along the Tsarap Lingti Chu, which 15 one of the tributary of
the Zanskar River (Fig. 1). The objective of the study is w
understand the causes of the paleo-floods and their geomorphic
implications on the terrain. To achieve the above objective we
used the conventional sedimentological eriteria supported by the
Optical Stimulated Luminescence (OSL) dating.

REGIONAL SETTING

Tsarap Lingti Chu is a major tributary of upper Zanskar
catchment flowing in a deep narrow gorge and has ~8570 km?
of catchment area. It follows the strike of Zanskar shear Zone,
which is north dipping extensional structure and is a part of 2000
km long South Tibetan Detachment system (STDs) (Herren,
1987, Déwes ef al., 199%). Tsarap Lingti Chu has Indian Summer
Monsoon (ISM) dominated Higher Himalayan Crystalline
(HHC) sequence toward south and relatively dry Zanskar ranges
at the north. The paleo-flood deposit in the form of massive
sand bodies are preserved on the southern bank of Tsarap Lingti
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Quest for disaster-resilient roads in the Himalaya

Shubhra Sharma, 8. F. Sati, Y. P. Sundrival, Vikram Sharma and Harsh Dobhal

Meountain roads are important lifelines and the most critical means for connectivity in the Himalayan villages of
India. However, the inherent geological, geomorphological, ecological and climate fragility of the terrain war-
rants critical scientific investigations for the roads to sustain the vagaries of nature. Further, the increased fre-
gquency of extreme events with the ongoing climate change increases the potential impact of disasters. This note
highlights the major challenges and issues faced with the ongoing road-widening projects in the country. It cau-
tions against the uniform standard of road widening and the need to increase sensitivity towards appreciating

the tervain fragility.

In recent times, slope instability associated
with the Himalayan roads in India has in-
creased, resulting in serious damage to life
and property. For example, Himanchal
Pradesh, India, experienced multiple slope
failures such as the tragic Kinnaur {Chaura
village), Nahan—Kumarhatti and Pandoh
(mear Mandi town) i 2021, Similar inci-
dences were observed in the adjoiming
Uttarakhand Himalaya. Such tragic inci-
dences, certamnly raised concern about the
stability of the Himalavan roads and thus,
the safety of the local inhabitants. It is per-
tinent to understand whether these road-
proximal disasters are the geomorphic ex-
pression of slopes to extreme weather
events or the result of unscientific tamper-
ing without adequate understanding of the
Himalayan geology and structures.
Infrastructure expansion is occurring at
a dramatic rate across the globe and the
Himalaya 15 no exception. Paved roads
have increased by ~12 million km world-
wide since 2000, with an additional ~25
million km projected by mid-century'”.
Majority of the roads are being built in de-
veloping nations, including many ecologi-
cally semsitive regions such as  the
Himalaya which is exceptional in terms of
wildemess, bodiversity, eonsystem services,
and rare and endangered species’. The
success of Himalayvan road projects lies in
early assessment of the risk posed by po-
tential geohazards, particularly the slope
mstability caused due to excavabon of
steep slopes. This can be achieved with fo-
cused scientific studies of the terram be-
fore route alignment, identification of
hazard-prone locations, as well as proac-
tive and persistent planning of slope man-
agement following road construction.
During May 2017 in Hanoi, Vietnam,
arpund 160 leading financiers, decision-
makers, ecologists and social-development
specialists deliberated upon the strategies
to limit the environmental impacts of

roads. It was ohserved that too much fund-
ing is being earmarked for the initial con-
struction of ambitious new road networks
and too little for their ongoing mainten-
ance”. Further, there is no denial that a few
roads are adequately engineered for the
challenging local conditions, but there are
large number of roads which suffer from
ill-planned construction. According to a
World Bank study, typically 15-30% {and
in some cases ~60f%) of ropd funding in
developing nations is lost to cartels and
cormption’.

Besides road stability, an equally impor-
tant factor is the rapid penetration of roads
into many of the world"s ecologically sen-
sitive and biodiversity hot spots {national
parks and wildlife sanctuaries). From 1993
to 2004, the extent of global wilderness
which houses rare and endangered species
has declined by about 1084 (ref. 3). One of
the reasons for this is climate change. The
Himalaya is witnessing significant temper-
ature changes since the 20th century. The
warming trend during the first half of the
20ith century was about 0.16°C per decade,
which later doubled to 0.325C per decade
from the beginning of the 21st century’.
Incidences of forest fire in the Himalaya
have increased significantly, which besides
weakening the soil cohesiveness (due to
heat-induced dryness) is linked to increas-
ing incidences of cloud bursts (soot acting
as cloud condensation nuclides)® and fur-
ther cascading into landslides and flash
floods.

In Uttarakhand, the Government of India
has launched an ambitious Rs 12,000 crores
road-widening project called the Char
[¥ham Pariyojna (CDP). Under this project
roads (~900 km) are being widened (two-
laned widening with paved shoulders),
with no environmental clearance required
(administratively), since these roads were
frapmented into 53 segments having
stretches <100 km for which Environment

CURRENT SCIENCE, VOL. 121, NO. 11, 10 DECEMBER 2021

Impact Assessment (EIA) 15 not mandatory.
Mevertheless, the 100 km rule is neffec-
tive, considering the fact that the Hima-
layan roads traverse through abrupt rise in
the altitude gradient, thus trespassing the
diverse geological and ecological niches
within short distances {Figure 1). With the
focus of the current road-widening project
on increasing the road width, the eritical
aspect of disaster resilience and environ-
ment has been ignored, rendering it highly
prone to slope instability. Studies demon-
strate that there 15 a positive comelation be-
tween mad width and slope mstability
causing associated environmental

in the hilly terrain’®. With the chronic land-
slides remaining untreatable, in spite of the
advancement in  engineering measures.
Hypothetically, even if an assumption s
made about future stability of the slopes,
the increased and unregulated tounst (vehi-
cular) inflow would become detrimental to
the health of the already stressed Hima-
layan ecosystem. Hence, there is an ongoing
tussle between the development planners
and environmentalists, which 15 rather
ironic. Without addressing the ecological
and environmental stability of the geologi-
cally/geomorphologically  fragile  slopes
nddled with chronic landshdes, it would
be difficult to achieve the desired objective
of providing sustainable disaster-resilient
roads.

The Uttarakhand Himalaya lies in the
earthquake zones 1V and ¥, and experien-
ces innumerable earthquakes of varyving
magnitudes. As a result, the rocks are
highly fractured, fissile and at places pul-
verized.  Warous scientific studies and
Govemment-sponsored,  landslide-related
projects have already warned about the
vulnerability of slopes in Uttarakhand Hi-
malaya® However, little is achicved in
terms of stabilization and prevention of
landslides™. The slope stability becomes
particularly cntical in the Higher Himalaya
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Abstract: Active tectonics is manifested in geomorphological features such as drainage basins and
drainage patterns. Geomorphle parameters asymmetry factor (AF) and transverse topography
ayminetry factor (T) ks caleulated for 94 third order basing of the Garhwal syadorm to decipher the
tilt-block tectonics based on remote sensing and geographical information system (GIS) techniques.
The quantitative analysis of the AF suggests that all the %4 basins are asymmetric and gentle to
steeply tlted, Indicating active tectonics and early and late stage of development, respectively. The
mean vector magnitude (8,) of T suggests the migeation of the basin stream towards the south in
mest basins (60%), suggesting a unidirectonal tilting of the tectonic block. The %= test for statistical
significance indicates that the 8, is significant for southern and northern limb basins. The %= best
affirms that the third order basin position on either side of the main channel of the river basin
influences the Hlt direction. The regional techonics sugpests migration of the Lansdowne klippe
towards the south, as the majority of third order basing show southward tilt. The study provides a
quick appraisal of Hltng in the tectonic blocks of actve margins, such as in the Himalayas.

Keywords: Himalaya; Garhwal synform; geomorphic parameters; tHlt-block tectonics; active tectonics;
remmate sensing

1. Introduction

The Himalaya is formed as a result of the inter-continental collision between the
Indo and Eurasian plates. The continuous northward movement of the Indian plate re-
sulted in increased seismic activity in the Himalayan region. The convergence of tectonic
plates has resulted in crustal shortening, formation of fault/thrusts and active tecton-
ics in the Himalaya [1]. The movement of hanging wall material over its footwall in
the Himalaya has resulted in the migration of tectonic blocks towards the south. The
movement of tectonic blocks due to active tectonic activities in the Himalaya is predomi-
nant, confirmed by earlier studies [2], suggesting a convergence rate of 10~15 mm/ year
and a slip rate of 13.8 = 3.6 mm/vear. Other reports on active tectonics [3] suggest
a convergence rate of 1079 £ 2.23 mm/ year, slip rate of 12.46 + 258 mm//year, and
uplift rate of 623 = 129 mm,/ vear in the Dun region of Garhwal Himalaya and Kala
Amb of Himachal Pradesh and [4] proposed a movement of 15 mm/year across the
Kumaun-Garhwal Himalaya.

Several authors envisage that the movement of tectonic blocks influences the ge-
omorphology of the Earth’s surface and the development of drainage networks [5-7].
Additionally, the movement of tectonic blocks along faults has resulted in active tectonic
activities in an area, and in turn, controls the behavior and development of drainage
features [#]. Geomorphic features are the manifestations of the landscape evolution of a
basin and thus are often utilized for the quantitative and qualitative assessment of tectonic
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ABSTRACT

The upper catchment of Dhauli Ganga valley { Chamoli district)
in Uttarakhand Himalava recently witnessed a large snow
avalanche on the night of 23™ April 2021 along the Indo-Tibet
border. This event followed the 7 February 2021 Rishi Ganga
{debiris flow induced) flash flosd within less than three months.
This note analyses the plansible causes of the avalanche using pre-
disaster field survey data, supported by the limited geological and
remobe sensing based geomorphological investigations as the site
could not be investigated due to remoteness of the location and
travel restrictions due to COVID pandemic. The present
observations suggest that active and relict cirques to the north of
the South Tibetan Detachment System (STDS) are the sites for
potential snow and debris avalanches under the projected warming
trends in the western Himalaya. Particularly, the study calls for
climate change adaptation measures in the climate sensitive Trans
Himalayan region and optimize anthropogenic activities in order
to safepuard the lives and vital infrastructure.

INTRODUCTION

The recent T February 2021 Rishi Ganga { debris-flow) flash flood,
and the large snow avalanche of 23d Apnl 2021 in the Girthi Ganga
valley near the Indo- Tibet border occurred in the upper Dhauli Ganga
catchment (>35({ m asl). The stecp terrain, scismicity, fragile
geological formation, and intense and highly variable precipitation
trends, make the region vulnerable to floods, landslides. avalanches,
and, debris flows (Rawat et al., 2012; Vaidya et al., 2019).
Geomorphologically, the valleys at higher elevations (=2300'm asl)
are dominated by paraglacial processes that are directly conditioned
by the modern glaciers and are constantly adjusting to changing glacier
boundary conditions duc to local and regional climate variability
{Church and Ryder 1972}). These valleys also sequester paraglacial
debris left behind by the receding glaciers (Al and Juyal, 200 3) which
can be mobilized by short-lived extreme weather event (Sundriyal et
al., 2015). Thus, the paraglacial zones are not only ecologically fragile
but are geomorphologically unstable due to constant re-sedimentation
and transfer of glacial sediments {Barnard et al., 2004).

The vulnerability of the terrain is well appreciated for the extreme
events such as flash floods, which are likely to increase in frequency
by 10% and over 30% of the existing magnitudes in Uttarakhand
Himalaya {UAPCC, 2014). Various studies indicate that the Himalayan
region has also witnessed significant warming in the recent decades
particularly at the higher elevation (Krishnan et al., 2019). For example,
the warming trend over 2000 m asl during the early twentieth century
was about (.10 *C per decade. which later doubled to (032 "C per

0016-TAXL2021-97-9-975/% 1.00 & GEOL. SOC. INDIA |

decade { Yan and Lin 2014). A more recent study by Sabin et al., (2020)
suggested that the warming was more amplified over 4000 m asl
(0.5 "Cldecade ). Also. in most parts of the Himalayan region, warming
rate is reported to be more substantial in winter as compared to other
seasons (Bhutiyani et al. 2007). The nsing temperature directly
influences the melting of glaciers, snow, and permafrost to generate
cascading effects (Mool et al, 2011; Bolch et al., 2012; Wang et al..
2019). For example, degrading high-mountain permafrost increases
the probahility of rock icefavalanches from steep slopes reaching glacial
lakes and triggering Cilacial Lake Outburst Floods (GLOFs) {Hacherli
ctal. 2016). Such hazards have severe implication for the people, and
existing infrastructure, such as dams, bridges and roads.

The 23* April 2021 Girthi Ganga snow avalanche destroyed the
Border Road Organization’s (BR0) temporary shelter camp for the
labourers who were engaged in the strategically important Indo-Tibet
border road construction. Available reports indicate that the avalanche
claimed sixteen lives while 334 people were rescued. Considering the
sensitivity of the Trans Himalayan terrain to snow avalanches, the
study (i) analyses the plausible causes of the avalanche and (i) explores
the potential geomorphic features that most likely make the terrain
vulncrable to such events under the projected climate trends. The
geological and geomorphological investigations undertaken during
pre-disaster field survey (2018) supporied by the available acrial
photograph, video and Google Earth imagery was used. Due to
remoteness of the location and travel restrictions due o COVID
pandemic, the site could not be visited after disaster.

STUDY AREA

The 25 April 2021 avalanche occurred in the upstream of Malari
village in the Girthi Ganga valley- a tributary of the Dhauli Ganga in
the upper Alaknanda catchment. Goologically, the semi-anidfand terrain
lies in the rain shadow zone of the Higher Himalaya (Nanda Devi
Massif: a World Heritage Site) (Fig.1). The Indian Summer Monsoon
(I5M) is the major contributor of moisture during summer, while the
subordinate contribution comes from the westerly disturbances during
the winter months (Bisht et al., 2015). The Girthi Ganga river originates
from Jandi Dhura (5900 m asl) - a cirque glacier and flows westward
tomeet Dhauli Ganga river near the Malari village. Observations from
Google Earth imagery of the Dhauli Ganga watershed show that there
are several relict and a few active cirques with steep slope profiles
that arc dircctly coupled with the Girthi and Dhauli Ganga river valleys
(Fig.1}. Presently, the Girthi Ganga valley slopes are barren and
devoid of any large valley glaciers. The Dhauli Ganga valley however,
has a few big glaciers (>5 km) such as Dunagin, Kosa, Bagini,
Bankund, Semkharak and Purvi Kamet (Fig.1). The bigger valley
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ABSTRACT

As mountain tourism rapidly expands in remote landscapes, there is
a critical need for improved disaster risk management to ensure the
safety of tourists and industry workers, safeguard infrastructure
designed to support tourism and service industries (e.qg.,
transportation), as well as protect the local economies that have
come to depend on tourism revenue. Drawing from recent
disasters in the Himalaya, we present evidence that the
promotion of safe and sustainable tourism is out of sync with the
proliferation of inbound tourists who are prone to many types of
environmental hazards. The key driver of this situation is
commercialisation. Other factors include increased mobilities/
access of tourists who are often unaware of or ill-prepared to
cope with hazards; lack of regulations with respect to
overcrowding, safety and building codes increased exposure to
climate change phenomena; and limited disaster response
capabilities, including responsibility at the local level. In this
perspective we argue that this particularly complex situation is
best addressed through the lens of a dynamic system, whereby
strong leadership, increased regulation of access and
participation, and enhanced professionalism via training are key
leverage points in countering uncontrolled commercialisation
that drives increased risk to known hazards. The inclusion of
tourism into disaster risk management systems is also needed
where hazard risks and tourist traffic are high, as tourists are part
of the transient population who are often unfamiliar with local
conditicns and ill-prepared to cope with extreme adversity.
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Abstract

Quantitative morphometric analysis of Dhanari watershed has been done using remote sensing and Geographical Informa-
tion System (GIS). The impact of climate, lithology, tectonics, structural antecedents, vegetation cover and land use on
hydrological processes is assessed by quantifying peomorphic parameters. The Dhanari River (a tributary of the Bhagirathi
River) and its tributaries Dhanpati Gad and Kali Gad forms Dhanari watershed covering 91.8 Km® area. Several geomorphic
aspects viz. linear, areal, relief were computed to comprehend potentials of soil erosion, groundwater, flood vulnerability
and the geomorphic response of watershed. LISS-IIT image is used 1o generate the Land Use and Land Cover (LULC) map
and assess the watershed dynamics. Values of computed hy psometric integral and morphometric parameters viz. drainage
density (D). stream frequency (F,), siream length ratio (L), bifurcation ratio (8,), rho coefficient (p), drainage texture
(D). circularity ratio (R_), relief ratio (R,), elongation ratio (R,), form factor (F;), basin shape (B}, drainage intensity (D),
compaciness coefficient (C,) and infiltration number (f;) have shown a moderate and steady erosion rate, with low ground-
water potential and low to moderate flood volnerability in the watershed. Hypsometry presents a dependable geomorphic
parameter to understand the erosion and geomorphic response of a watershed to hydrological processes. Hypsometric integral
value (0.51) of Dhanari watershed suggests a mature topography with steady erosion in the watershed.

Keywords Morphometry - Dhanari watershed - GIS - Remote sensing - Hypsometry - Vulnerability - Groundwater -
Erosion - Flood

Introduction

Himalayan mountains have one of the most complex and
dynamic drainage systems. The rivers and their tributaries
are important geographical units in the region as they are the
primary source of fresh water in most parts of the Himalaya.
The river and streams also act as driving forces for any ongo-
ing fluvial activity. The fluvial activities play a vital role
in shaping and modifying the landforms of the Himalavan

=0 Ashish Rawat
ashishgeo | 236 gmail_com

! Department of Geology, H N B Garhwal University,
Srinagar Garhwal, Uttarakhand 246174, India

Untarakhand Space Application Center, Dehradun,
Uttarakhand 248001, India

! Department of Geolozy, Banaras Hindu University, Varanasi,
Uttar Pradesh 221005, India

Pukblished online: 22 June 2021

terrain. In Dhanari watershed, the population relies on
surface runoff water for their need for freshwater; as the
groundwater resources in the Dhanari watershed are sparse,
most of the watershed population resides along the river and
its tributaries. The area residents are practicing agricultural
activities in the loose and fertile alluvium of the Dhanari
River and its tributaries. The Dhanari watershed is highly
susceptible to soil erosion as heavy rainfall occurs during
pre-monsoon and monsoon season (average annual rainfall
of 1693 mm), increasing the surface runoff. It becomes nec-
essary o have proper watershed management plans to check
the soil loss during any watershed management activity. It
is essential to understand the hydrological nature of rocks
before morphometric analysis (Singh et al. 20014).
Morphometric assessment of earth surface, shape and
landforms is done by quantitative measurement and numer-
ical analysis {Clarke 1966; Biswas et al. 2014). Morpho-
mefric analysis methods were introduced by Horton (1932,
1945) to present its relationship with the natural agents like
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Abstract

The coseismic landslide 15 one of the important hazard phenomena in the hilly and seismically active mountainous region. It is,
therefore, essential to map the areas suscepltible o coseismic landslides, especially for the seismically active region.

In the present work, the probabilistic assessment of coseismic landslides has been carmied out for Goriganga valley located in
the Kumaun Himalayva, India, which lies in the highest seismically active zone of the seismic 2oning map of India. Several studies
suggest that this region is prone [o a great future earthquake of Mw =8.0.

In this context, mapping of the coseismic landslide has been made for the fulure scenanio earthquakes of 7.0, 8.0, and 8.6 Mw using
modified Newmark s analysis. The modified Newmark's analvsis provides the permanent displacement of the potential landslide, by
integrating (1) joint strength of rock mass, (2) critical acceleration of the slope, and (3) peak ground acceleration of the region.
Mewmark permanent displacement has been estimated. which provides the distribution of predicted slope failure in the area.

It has been observed that 41% of the area exhibits =40 cm Newmark’s permanent displacement corresponding to Mw 8.6
earthquake and thus suscepiible to failure, followed by 8.0 and 7.0 Mw earthquake with 36 and 14% of the area susceptible to the
coseismic landslide, respectively. Further, the maximum permanent displacements for the simulated earthquakes of Mw 7.0, 8.0,

and 8.6 are 76, 279, and 502 cm, respectively.

Keywords Coseismic landslide - Himalaya - Dynamic slope stability - Newmark analysis - Seismic

Introduction

Landslides are caused by numerous geological, geomodpho-
logical, and anthropogenic factors but are generally nggered
by rainfall and earthquake vibrations (Cruden 1991: Hague
et al. 2019). In the tectonically active mountainous terrains,
earthquake is one of the major triggering factors for the occur-
rence of landslides (Keefer 1984; Youd 1985; Jibson et al.
2000; Xu et al. 2013), and many a time, it has been noticed
that the destruction caused due to the earthquake-induced
landslides is much greater than the destruction caused by di-
rect ground shaking of an earthquake (Keefer 1984: Jibson
et al. 2000; Dunning et al. 2007). These landslides canse
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immense loss of lives and damage to lifeline infrastructures
such as water and gas pipelines, schools, and hospitals, roads,
and drainage; hence, these kinds of landshdes are one of the
most important geohazards in the seismically active hilly re-
gion. For examples, the 1999 Chi-Chi, Taiwan earthquake
(M, = 7.6) triggered >9272 landslides, which cause several
causalities and damage to the infrastructure (Lin and Tung,
2004), and the 2008 Wenchuan, China, earthquake (M, =
7.9) triggered =15.000 landslides, killing ~20,000 people,
and this accounts for one-fourth of the total deaths due to the
earthquake (Yin et al. 2009).

Earthquake-induced landshdes are very common in the
Himalaya and its surmounding regions. There are many recent
examples of earthquake-induced landslides from the
Himalayan terrain, such as the 2005 Kashmir earthquake
(M, = 7.6) triggered 2424 landslides (Owen et al. 2008},
2011 Sikkim earthquake, India (M, = 6.9) triggered 1196
landslides (Martha et al. 2015), the 2013 Lushan, earthquake,
China (M,, = 6.6) triggered 4540 landslides (Ma and Xu
2019), the 2014 Ludian earthquake, China (M, = 6.1) trig-
gered 1826 landslides (Zhou et al. 20016; Chen et al. 2019),
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Abstract: The slope instability 1s a major geotechnical challenge in Himalaya which often disrupts the socko-sconomic
environment of Uttarakhand state. Mandakini valley of the Uttarakhand, along with many others, evidenced an
unprecedented disaster as a consequence of flash-flood and landslide during June 2003, This event highlighted many
geological, environmental and anthropogenic issues that aggravated the severity of this disaster. One of the most vulnerable
infrastructures is the roadways, which further invites systemic vulnerability to society. The National Highway 107 connects
one of the remotest tounst hotspot Kedarath with the rest of the country and hence, serves as a lifeline infrastructure to
thousands of tourists and local inhabitants. This highway along with a foot track between Sonprayag and Kedarnath was
waorse affected during June 2013, cost thousands of lives. The slope-instability of a region can be mitigated up to great extent
by adequately handling the geo-environmental and geotechnical factors, We carried a detail geological and geotechnical
investigation of the area to perform the slope stability analysis using the Slope Mass Rating (SMR) and Rock Mass Rating
{RMR ) scheme. We identify several locations which are prone to planner, wedge or both type of failure.

Keywords: : Mandakini Valley, landslide, Kedarnath, Kinematic Analysis, RMR, SMR. Slope stability.

INTRODUCTION

Slope instabality 15 a major problem throughout the Himalayan
region. Moreover, landslides are frequent and large in
dimension in the Main Central Thrust zone (MCTZ) of
Garhiwal Himalaya, which are often triggered by the monsoon
rain { Valdiya 1987, 2014; Bhatt 1992; Kimothi ef al. 1999). In
the recent past, the Mandakini valley of Garhwal Himalaya
witnessed many landslides tragedies viz. 1998 Bhenti-Paundar
(Bist & Sah 1999; Bhandan 1999; Rautela & Thakur 1999),
2001 Phata-Byung (Mathan ef af. 2002; Chaudhary er al.
2008, 2010), 2012 Okhimath {Martha 2013; Islam er af. 2014:
Rana er al. 2014) and 2013 Kedarnath. Among these, the
Kedarnath flash-flood was one of the most devastating events
in the recent history of Uttarakhand.

The geomorphological setup of the area consists mainly
of moraines; reworked moraine, debris flow, colluvial fan, and
glacial outwash plain are very sensitive to any change of the
climate. In 2003 numerous new landslides were generated and
many old landslides were reactivated as a consequence of
torrential rain and toe erosion in the Mandakim Valley
(Bhambmi ef al. 2017; Poonam ef al. 2017). These landslides
caused unprecedented damage to lives and infrastructures,
especially 1o the roads network. It has been argued that the
frequency of the landslide activities has increased with the
increase in infrastructure development activities (Pradhan e
al. 2018). Therefore, it was suggested that adequate
consideration of geology and geomorphology along with the
appropriate engineering techniques is a necessary step
towards landslide mitigation (San er al. 2011). Although the
slope stability analysis provides significant clues towards
evaluating the slopes for potential failure mechanism and
mitigation countermeasures, the high resolution geological
and structural field data from harsh climatic reaches is lacking
for such analysis. In this study, we provide a detailed account
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of geological, structural and geomorphological data for a
highly vulnerable zone along with the slope stability analysis
to identify the active and potential failure zones, mode of
failure in rock slopes and triggering factors for slope
sensitivity between Sonprayag and Kedamath. The stability of
a slope can assess quickly and reliably through rock mass
classification system; Rock Mass Rating (Bieniawski 1973)
and Slope Mass Rating (Romana 1985). These classification
systems use a defined number of parameters, to which ranges
of value are assigned, based upon in-situ surveys, or
laboratory and field tests. Many researchers have used these
methods to assess the slope stability in different pant of
Garhwal Himalaya (Anbalagan 2008; Kimothi erf al. 2010;
Umrao ef al. 2011; Sarkar ef al. 2012a; Singh e al. 2013;
Gupta 20014, 2017; Vishal er al. 2001 3a, 2017: Siddique er al.
2015, 20017; Kumar ef af. 2019; Chaurasia ef al. 2017;
Chauhan et al. 2018).

STUDY AREA

The study area is located in the Rudraprayag district of the
Uttarakhand State; India. This includes a Skm long portion of
Matienal Highway (NH-107) i.e. from Sonprayag to
Gaurikund and after that 18km foot track to the Kedamath
shrine (3500 m) in the Mandakim valley (Fig. 1). Along this
route, Sonprayag and Gaurikund are the densely populated
villages located at the right bank of the Mandakini River.
These villages are the main halt of this pilgrimage route and
worse affected during the 2013 flash floed disaster ( Asthana &
Asthana 2014; Sundriyal er al. 2013). Upstream to the
Gaurikund village, the Ganesh Chatti, Jungle Chatri,
Bhimbali, Rambara, Lincholi and Rudra point are the main
locations of halt along this rack. These locations are highly
prone 1o landslide hazard due to steep slope and highly
unconsolidated glacial and debris sediments. The Kedamath
town is also located on glacial deposits.
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A short-lived flashflood in Rishi and Dhauli Ganga rivers on Tth February 2021, Uttarakhand Himalaya,
killed 65 people with 141 reported missing (official estimate) and devastated two hydropower projects.
Geomorphological observations supported by meteorological data suggest that the flood was triggered by
a combination of avalanche and debris flow. The Dhauli Ganga valley has preserved ponded sedimentary
sequences (laminated sand and silty-clay), suggesting that the valley is prone to episodic mega foods in
the recent geological past. Considering that the receding glaciers in the higher Himalaya have left behind
enormous sediment, unusual weather events are likely to generate such disasters more frequently as the
climate becomes warmer. Thus, the study calls for not only incorporating the disaster risk assessment in
the developmental planning of the Himalayan region but also recommends routine monitoring of the
potential areas of structural failures in the glaciated valleys along with supra-glacial lakes.

Keywords. Flash-flood: Dhauli Ganga: Rishi Ganga: Garhwal Himalaya.

1. Introduction

The retreating glaciers of the Hindu Kush Hima-
layan (HKH) region are geomorphic expression of
the current climate warming (Armstrong 2010).
Alzo, there are growing number of proglacial and
supra-glacial lakes which have the potential to
generate high magnitude floods. However, the
impact of a Hood would depend on the physical
characteristics of the moraine dam, the lake size
and the stream gradient (Ives ef al. 1986; 2010).

Published anline: 30 April 2021

Since the lakes are formed at higher elevations, the
downstream impact is going to be severe due to
extremely rapid debris flows. The breaching and
associated flashfloods are called Glacial Lake Out-
burst Floods (GLOFs). It is being ohserved that
glacial hazards (e.g., GLOFs, ice avalanches, and
debris flows) caused due to accelerated glacial
thinning and retreat are causing severe damage in
populated HKH regions (Ives et al. 2010). There is
a growing concern that with the rise in global
temperature, their frequency and magnitude would
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ABSTRACT

A flash flood that originated from Raunthi Gad-a tributary of
the Rishi Ganga river, in Garhwal Himalaya, caused unprecedented
loss to lives and damaged two hydropower pmjects on 7 Februray
2021. In order to asses the flood magnitude, the flow parameters
of the flood were calculated using the super-elevation of the flood
marks preserved in the flood affected valleys.

The textural characteristics of the flood deposits in the upper
reaches of the valleys indicate dominance of debris flows. The peak
discharge upstream of the confluence of Rishi Ganga and Dhauli
Ganga was around 1.1x10° m's, which was four order of
magnitinde higher than the normal peak discharge (~ 3m’/s). The
flow achieved a velocity of 3023 m/s. An exponential reduction in
the flow velocity (from ~37 to 2 m/s) with distance is observed. For
which the river gradient and increase in sediment load is implied
flow that along its entrained way downstream between Raini and
Tapovan. Considering the sensitivity of paraglacial zones to climate
change, the paper calls for detailed studies pertaining to the
response of paraglacial zones to extreme weather events.
Impaortnatly, it is necessary to have more hydrological data covering
multiple valleys for predictive model simulation of the nature and
magnitude of such disasters in future.

INTRODUCTION

India stands among the six most flood-affected countries in the
world (Luo et al., 2015). Floods in Himalaya arc generally produced
by extreme precipitation events {e.g. Sah et al., 2003; 2010; Juyal,
2010; Rana et al., 2012), landslide lake outburst floods (LLOFs)
{Wasson ct al., 2013; Rana ct al., 2013}, and the glacier lake outburst
floods (GLOFs) {Korup et al., 2006) or due o the meteorological
disturbances (Srivastava et al.. 2017; Kale. 2004: Ziegler et al., 2014)
or the comhbination of the above factors. The June 2013 Kedamath
flash-flood was triggered by a combination of high rainfall, snowmelt
and subsequent Choraban lake outburst (Sati and Gahalaot, 2013;
Rana et al., 2013; Doval et al., 201 3). It has been observed that debris
flow triggered by high intensity rainfall events from paraglacier zones
are one of the major factors responsible for devastating the
infrastructures in the Higher Himalaya (Sundrival et al., 2015).

The upper Alaknanda river catchment is dominated by the
glacial and paraglacial processes in which the Rishi Ganga, a tributary
of Dhauli Ganga, contains the largest concentrations of glaciers.

0016-TEX22021-97-5-827/% 1.00 © GEOL. SOC. INDIA |

(Fig. 1). On o February 2021, at around 10:30 am. a debris laden
flash flood originated from Raunthi Gad -a tributary of Rishi Ganga.
The flood water devastated a 13.2 MW hydropower project at Raini
village taking at least 80 lives. Further downstream, in the Dhauli
Ganga valley, it destroyed an under-construction barrage of 530 MW
hydropower project and killed nearly 150 people (either swept away
or buricd/trapped in the tunncl).

From future risk assessment point of view, this flood raised two
important questions: (i) what was the process responsible for the
genesis of the debris-laden flash flood from a small stream? (i) What
determined the pattern of damage in the valley? To address these
questions. hydrological parameters are employed for determining the
magnitude and characieristic of this flood as it moved down valley.
The geomorphic imprints left behind by the flood are documented
by using the total station to reconstruct pre- and post-flood scenarios
with respet to channel geometry. Further, the hydrological
characterization of the flood was done using emypirical methods (for
calculating flood velocity and discharge).

STUDY AREA

The Rishi Ganga catchment (area ~659 km’) is located in the
Garhwal region of Central Himalaya, India (Fig.1). The Rishi Ganga
river, a sub-tributary of the Alaknanda river. emanates from the group
of glaciers in the Nanda Devi Biosphere Reserve (NDBR) and joins
Dhauli Ganga river near Raini village. The elevation in the catchment
ranges from = 1930 m above mean sea level (a.m.s 1) at the confluence
to 7817 m a.m.s.1 (Nanda Devi). The glaciers cover <25 % of the total
area of this basin. It hosts seven major valley glaciers of varying
length ranging from 5 to 10 km (Kumar et al., 2020) including a few
hanging glaciers and cirgues (Fig.1). According to glacier inventory
(RGI Consortium, 2007), ~74 glaciers having areas from 0,02 km® to
33.5 km'{with an average arca of 2.3 km") are located in this basin.
Among these eight large glaciers {area=3 km?} cover 72% of total
glaciated area. The major concentration of the glaciers feed the east-
west flowing stream, while the Raunthi (Bank) glaciers contribute to
the northward-flowing Raunthi Gad (Gad - stream).

The Rishi Ganga valley is characterized by recent glacial deposits
in the form of moraines. Apart from the moraines, significant amount
of debris is available in the form of scree cones emerging from the
cirques and slope failures (Fig.1). The channel gradient is steep
(1071, to moderate {107) and the average hill slopes ranges from

DOL: 10 IR 1 2594-021-1781-4
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ABSTRACT

Keywords:
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Havi River

Monsoon

Opeically Stimulated Luminescence chronology
Chamba region

Indus River system

An attempl has been made Lo reconstruct the andform evolution in monseon-dominated the Ravi River Valley (a
major tributary of the Indus River), Chamba Nappe, Lecer Himalaya based on detailed field mapping, supparted
by the Optically Stimulated Lumi e (O5L) dates. In the upper Ravi River Valley sediments are generated
by glaciation-paraglaciation processes and accumulated in terraces and alluvial fan deposilts in lower reaches
narth of the Main Central Thrust during deglaciation and periods of intensified monsoonal phases. Fisld study
amd O5L dating demonstrate aggradation of river termaoes and debris-flow terraces occurred in two majos phases:
F3-46 ka and 39-23 ki and at keast six minor phases betwesn <23 ka and 7 ka. The incision was initiated shortly
after 7 ka and aseribed to the decrease in overall monsson intersity and simultaneoos reduction in sediment flus.
The: first phase (7346 ka) of aggradation was regional and scourred ina pre-existing river valley, whereas the
later phases (39 ka enward) occurred as cut-and-fll and degraded terraces. The incision of the first major phase
(220 m thick) accederated between —46 ka and 39 ka due to reactivation of the Chamba Thrust and the Main
Boundary Thrust (MBTL The stisdy suggests that the fluvial dynamics and aggradation phases in the Ravi River
Valley were regulated by monsoan variability, whereas both tecionic activity and climatic variables povemed the
incision of these depogits. The contemporaneous aggradation and incision in the hinterland and the Indo-
Gangetic plains suggest that the Late Quaternary climate variability was the main factor in the evalution of
fluvial landforms.

1. Introduction

the climo-tectonically active Himalayan Range. The Satlyj, Beas, Ravi,
Chenab, Jhelum and Indus are the principal rivers of the Indus system.

Erosion and aggradation by rivers have played a major role in
sculpting the Himalayan landscape (Thiede et al., 2005; Engster et al.,
2016), forming river terraces in the mountain valleys (Bookhagen et al.,
2 : Kumar and Srivastava, 2017; Chaehal et al., 201% Thakur et al.,
2020; Kumar et al., 20200 and alluvial fans in the Indo-Gangetic Plains
(Srivastava et al., 2003; Gibling et al., 2005, 2008). These landforms
serve as indicators of climatic perturbations (Ray and Srivastava, 2000,
Dutta et al., 2012; Chahal et al., 2019) and tectonic uplift (Thakur et al.,
20004, 2020). Sediments generated and transported by the Himalayan
rivers are mainly governed by glacial-deglacial processes (Owen et al,
2005, 2008; Juyal et al., 2010; Eugster et al., 2016) and strengthening of
the Indian Summer Monsoon (1SM) and the westerlies (Bookhagen et al.,
2005a; Gibling et al., 2005).

The large river systems of the Indus, Ganges and Brahmaputra drain

* Corresponding author.
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These rivers carry vast amounts of sediment from the mountain range to
the Arabian Sea (Fiz. 1a) (Clift et al, 2001, 2002; Inam et al., 2007).
Glaciation, landslides and fluvial erosion are major denudational pro-
cesses in the NW Himalaya (Owen et al., 2008; Bookhagen et al., 2005z,
b, 2006; Dey er al, 2016). The sudden rise in topography acts as
orographic effects in the Himalaya, which influences the spatial distri-
bution of monsoon rainfall and therefore focused erosion rates (Thieds
et al, 2005), thus generating voluminous sediment for down valley
aggradation. In the NW Himalaya, the Siwalik foothills have a height of
750 m, still only 10 km to its north, the Dhauladhar Range (D-range)
reaches a maximum height of 5500 m causing an altitudingl zonation of
climatic and geomorphic regimes (Srivastava et al., 2000; Thakur et al.,
2014, 20200 (Fig. 1b).

Low-temperature thermochronology across the D-range, the Pir
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Reconstruction of active surface deformation in the Rishi Ganga
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Abstract

Active surface deformation, displacement pattern. and crosional variability is estimated using the geomorphologically sensitive mor-
phometry along with the Persistent Scatterer Interferometric Synthetic Aperture Radar (PSInSAR) technique using the Sentinel-1 Adata
(119 images) acquired between 07- 02-2017 and 10-02-2021. The average velocities for this dataset are estimated to be between £11 mm/
y. The Raunthi River catchment from where the flood was triggered is undergoing ~8 mm/y subsidence and ~10 mm/y uplift. Compared
to this the basin wide deformation (Rishi Ganga basin) is estimated to be around =10 mm/y with commulative ground displacement of
around +45 mm. The times serics analysis suggests an increase in the ground displacement by around 5 mm/y and seems to be respon-
sible for the expansion of pre-cxisting cracks in the vicinity of the Vaikrita Thrust (VT) and subsequent failure of the northern face of
Nandi Peak on 7th February 2021. The Global Positioning System (GPS) denved strain distribution pattern indicate a relatively higher
accumulation of strain (>0.35u strain/y). The normalized steepness index (k,,) variation along the longitudinal section of Rishi Ganga
and Raunthi River sub-basin in Central Himalayan region shows anomalous increase at the glacio-fluvial transitional processes. More-
over, the y profiles as well as planform plots shows anomalously lower values within the Raunthi River sub-basin when compared with
the Rishi Ganga basin. Based on the lower values of 7 it is observed that Raunthi River sub-basin is undergoing high erosion which can
be caused by the presence of sheared lithology and incision of the relict glacial and paraglacial sediments. We negate the suggestion that
abrupt rise in the temperature was the major tnggenng mechanism for the recent disaster, instead it is the sheared hithology and pre-
existing fissure developed because of differential uplift and subsidence in Raunthi River that led to the wedge failure and subsequent flash
flood. Had the climate was the major driver of the recent tragedy ?. it should have impacted multiple hanging glaciers in the Rishi Ganga
valley. Therefore, the study calls for detailed geomorphological, structural and glaciological investigation in regions dominated by glacial
and paraglacial processes in the strategic regions of the Himalaya. Towards this, the state of art PSInSAR technique scems to provide
fast and reliable detection of terrain instability/stability along with identification of potential arcas of slope failures in near future in the
glacial and preglacial zones.
© 2021 COSPAR. Published by Elsevier B.V. All rights reserved.

Keywords: Rishiganga: Flash flood: Crustal deformation: PSInSAR; Central Himalaya
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Indian summer monsoon variability during the last
20 kyr: Evidence from peat record from the Baspa
Valley, northwest Himalaya, India
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We present millennial to centennial-scale monsoon variability during the Late-Pleistocene to Holocene
using multi-proxy data from 100 cm thick peat deposit in the Baspa Valley, northwest Himalaya. Based
on high-resolution mineral magnetism, carbon isotope, and total organic carbon data supported by
radiocarbon dating, four climatic phases of alternating strengthened and weakened Indian summer
monsoon (ISM) are identified for the last 20 kyr in the higher central Himalaya. Periods of strengthened
ISM are dated to ~15to ~14 ka, ~10 to ~7 ka, ~2.4 to ~1.3 ka, and 243 yr BP to present, which is
ascribed to the post-Older Dryas associated with an increase in solar insolation. The phases of weakened
ISM are bracketed between ~20 and ~15 ka, ~14 to ~10 ka, ~7 to ~2.4 ka, and ~ 1300 to ~243 yr
BP. These phases are attributed to global cooling events, ie., the Last Glacial Maximum (LGM),
Younger Dryas (YD), and the Middle to Late Holocene. They govern by changes in the solar insolation.

Keywords. Indian summer monsoon; northwest Himalaya; carbon isotope: environmental magnetism:
radiocarbon dating.

1. Introduction

The ISM is an important component of the tropical
climate system coupled with the global atmo-
spheric circulation driven mainly by the land-sea
thermal contrast (Colin ef al. 1993; McGregor and
Nieuwolt 1998; Zhang and Wang 2008). During the
boreal summer, warming leads to the development
of low-pressure zone in the Indian subcontinent
instigating moisture-laden winds to blow from the
sea to the landmass, thus squeezing the moisture
from the sea towards the land. whereas reverse
happens during winter when continental winds

Published online: 23 July 2022

become stronger (FPrell and Kutzbach 1992; Zhang
and Wang 2008). The Himalaya receives most of
the precipitation from the ISM, and the Middle-
latitude Westerlies (MLW) during the course of
the vear, and the influence of these weather sys-
tems varies spatially (Benn and Owen 1993). Most
of the southern and eastern Himalayva experience
pronounced summer precipitation along (W-W)
and across (5-N) of the Himalaya. During the
winter, MLW is the major contributor to the pre-
cipitation in the western part of the Himalaya as
itz intensity decreases eastward (Benn and (Owen
1998 Owen 2009). There is growing evidence to
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An integrated assessment of the geomorphic evolution
of the Garhwal synform: Implications for the relative
tectonic activity in the southern part of the Garhwal
Himalaya
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The geomorphic changes over the earth’s erust are influenced by tectonic activities. These geomorphic
changes are remmants of deformation that cccurred in the recent geological past. Geomorphic features can
be gquantified to assess relative tectonic activity and response of landscape to active tectonics, regional
structures, lithology and climate. To achieve the objectives, we evaluated the relative tectonic activity of
the Garhwal synform, for which six major river hasins were selected. The relative tectonic activity of all
the basins is computed based on quantitative analysis of geomorphic indices. Quantitative analysis of
each geomorphic parameter has heen carried out, and a combined product of relative tectonic activity
index (TAL) was derived for each basin. The TAL is classified into three classes hased on their relative
tectonic activity; basing having TAT value =1.75 (basins [, II and III) are placed in very high tectonic
activity class, basin with a value ranging =1.75 to <2.0 are categorised as moderately active basins (basin
TV, while basins having values =2.0 are less active (hasins Voand VT). A relative tectonic activity map of
the area suffices for the prioritisation of each basin based upon their TAL Furthermore, analvsis of the
longitudinal profile of rivers for knickpoint, precipitation and temperature variability over the last 100
years and seismic events since the last 100 years have been studied to interpret the tectonic regime and
their influence on landscape evolution. The regional seismicity data suggest that the area falls in a seismic
gap and has not experienced a great earthguake in recent history but have received seismic events of
moderate intensity in the past, We oping that the Garhwal svnform is tectonically active, and thos,
significant steps should be taken for seismic risk assessment along with preventive measures. We also
suggest that the influence of tectonic activities in the southeastern part of the Garhwal synform comprised
by basins ¥V and VI is relatively less than the rest of the basins. Finally, the six basins were priovitised
based on their relative tectonic activity.

Keywords, Garhwal Himalaya: geomorphology: remote sensing and GIS; quaternary  geology:
geomorphic indices; relative tectonic activity; prioritisation.
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ABSTRACT

The Indus River, originating from Mama-
sarovar Lake in Tibet, runs along the Indus
Tsangpo subure zone in Ladakh which sepa-
rates the Tethyan Himalaya inthe south from
the Karakoram some 1o the north. Dise to the
barriers created by the Pir-Panjal ranges and
the High Himalaya, Ladakh is located in a
rain sladow 2one of the Indian sommer mon-
soon (ISM) making it a high-altitde desert.
Owecashonal catastrophic hydrological events
are known to endanger lives and properties of
people residing there. Evidence of suwch events
in the recent geobogie past that are larger in
magniiude than modern oocurrences is pre-
served along the dannels. Detailed investiga-
thom af these archives is imperative o expand
our knowledge of extreme floods that rardy
oceur on the human timescale, Understand-
ing the frequency, distribution, and forcing
mechanisms of past extrense floods of this re-
ghon Is crocial to examine whether the causal
agents are regional, global, or both on long
timescales. We studied the Holocene extrems
flowsil hnbstory of the Upger Indus catchment
in Ladakh using slackwater deposits (3WDs)
preserved along the Indus amd Fanskar Riv-
ers. SWDs here are composed of stacks of
samd-silt couplets deposited rapidly during
large fooding events in areas whire a sharp
reduction of flow velodity B coused by bocal
geomorphic conditiins. Each couplet repre-
senis a food, the age of which s constrained
using optically stimulated luminescence for

Pradeep Srivastava @ hitps:foncid ong 00002
G501-T7
"Comrespanding author: pradesp@wihg res.in.
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sand and accelerator mass  spectrometry
and lguid scintillation counter “C for char-
ool specks from hearths, The stdy suggests
occurrence of large floods during phases of
strengthencd [SM when the monsoon pen-
etrated into arid Ladakh. Comparison with
foist Fecords of Avers dradning other regions
af the Himalaya and these influenced by the
East Asian summer monscon (EASM) indi-
cates asynchronbcity with the Western Hi-
malaya that confirms the existing anti-phase
relationship of the [SM-EASM that occurred
in the Holocene. Detrital sircon provemance
analysis indicates that sediment transporta-
thom along the Fanskar River s more effichnt
than the main Indos channel during extrems
fosids. Paost—Last Glacial Maximuom lamnsan
mibgration, during warm and wet climatic con-
ditboms, into the arid upper Indus catchment is
revealed from hearths found within the SWDs.

INTRODUCTION

Large floods are a nansrally occurring phe-
nomena that contrbute o lasdscape evolution by
eroding mountain drainages and creating femile
focdplains in the lowlands where sedimentation
oecurs. Acoording 10 a recently published report
by the United Matdons Office for Disaster Risk
Reductzon (2020, hipsAamww.google. comfur]?
sa=tderel ={fq=fearc = sfsowoe=wehfonl=
& ved=2ahUKEwiBrO0vgDvARW F'WisKHUY
ADEQOQF]AAegOLAh A D& wrl =hnps 534 %3F
% 2Fwww.undrr.org % Fmedia® I FAR00E % 2F
downloadSusg= A0 Vaw 3 VRN vEw Y Yule-
QISgMonM ), Aoods account for 445% of all di-
sasters impacting 1.4 ballion people worldwide
with the two most popabous countries, Indza and
China, beang affected the most.

Fowr presmimicion b Coffy, contect Sdiling 8 poraociely oi
0 202 Cenlogical Eeciery of Ameria

Draea from the Central Water Commission of
India (CWC, 2002, hrgpatiewe.gov.anfpublica-
tons) shows a olal economic cost of foods in
India berween 1953 and 2001 was USS 6912 =
1P {more than US% 69 ballion). Floods in the
Giarhwal Himsalaya on June, 2003, for example,
clagmed at lessn GO0 lives (Zaegler et al., 2004)
and more recently, on 7 Febrary 3021, a fash
fhosd i thee Chamoli Dastret of the Garlwal Hi-
malaya claimed mone tan 30 lves leaving more
than 150 missing. A major Aood event in the
month of Augusr in 2010 in Leb, NW Himalaya,
killed ~ 1000 people (Juyal, 2000 Hobley eral.,
2N 2; Fiegler en al, 2006). In most cases, these
large floods are riggered by inense or bong-du-
ration ranfall {incleding cloud bursis), glacial
lake outburar foeds, landslide lake out buras
floods of combimations (Dame e al., 2017).
Ohatburst Aoods unrelated wo meteorologicl con-
ditions are common in the Himalaya owing to
high densiny of glacial lakes. The Himalaya and
its Fomeland and hintertand, consisting of a karge
part of Asi, are fied by three climatic systens:
the Indian swmmer monsoon (1538, westerles,
and the Eaz Asian sumimer monsoon (EASM).
Althowgh, in the monsoon-dominated moantan-
ous regions, Aoods ane caused by abnormsal pre-
cipitation arising ouwt of tropical and exira topi-
cal errculation interactions {Vellore et al, 2004,
2006 Priya et al, 2007 Similarly, a large pan
of Charsa that i4 influenced by the EASM experi-
ences on average 30 devastatmg floods per year
(UNDRE, 2020, hopsSwwagoogle oomburd 75
a=iferet=jfq=~&esre =38 source=webdcd=
&eved=2ahUKEwilinClvgDv AhWIWi s KHLY
DR00F AAegQlARAD url=hnps% 1A% 2F
%2 Fowow undrrong % 2P med ia % 2 FAZ008% 2Fd
ownloadusg=A0VVaw 3 VRN vEW Y Yule()-
[SgMon™). The foregodng underscores a need for

hitpe:ifd ot org/ 1 | IMWBAS976.1; & Rgures: 2 tables; | supplemental file.
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Abstract: Roads are the most cntical means of
connectivity in Himalayan villages. However, the
terrain 15 inherently fragile with vared geological,
geomorphological, ecological, and chimate regimes,
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that result in frequent slope failure and disruption in
connectivity. The risk is further to be increased by
extreme events-generated  hazards, which are
expected to rise mn frequency and magnitude with
ongoing  climate change. Cntical  scientific
intervention, however, can improve the sustainability
of road networks. The present study attempts to
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Dam in Himalaya induces geomorphic disconnectivity

during extreme hydrological event: Evaluating a case
of 2013 Kedarnath Disaster
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The June 2013 disaster in Kedarnath hit the Mandakini-Alaknanda river valley, resulting in devastating
floods. This study deals with the pre- and post-flood event changes in the channel morphology and aims to
investigate the geomorphological processes under river management in the Alaknanda valley, NW
Himalaya and how the hydroelectric reservoir may have impeded the natural impact of the disaster and
created geomorphic discontinuity. This work analyses the spatio-temporal variations in channel mor-
phology over the last decade 2010-2020, discussing the impact of 2013 extreme event; the role of gradient
in morphological patterns in river basin system. It highlights how the channel parameters like the thalweg
shifts. active channel width, and area under sedimentation responded, from headwaters to lower gradient
Lesser Himalayan zones to the 2013 event and suggests that any positive changes in these parameters
diminish soon after the reservoir. The study implies that the capability of the reservoir to adjust the
sediment load of the event in its upstream is an immediate short-term effect, but brings out the fact that it
creates a geomorphic disconnect in the channel between upstream and downstream channel reaches of the
reservoir. This disconnect may have a negative impact on sediment storage and sediment—-water routing
of the river and should be factored into the dam design ensuring natural continnum of geomorphic
processes. Further, the study argues that the terrain north of the Main Central Thrust (Higher Himalaya)
should be kept free from major human interventions to reduce flood hazards.

Keywords, Extreme events: channel morphology; gradient: reservoir: dam.

1. Introduction

Himalaya is susceptible to hazards mainly because
of its mgged topography, high relief, rainfall dis-
tribution, lithology, and complex geological struc-
tures, where any extreme event like high-intensity
rainfall, flash floods, glacial lake ontburst floods
(GLOFs), landslide lake outburst floods (LLOFs)
and an earthquake can trigger landscape changes

Published online: 16 December 2022

(Wasson et al 2013a, b; Ziegler et al 2014; Veh
et al. 2019; Panda et al 2020; Sharma et al. 2021).
In 2013, a cloundburst-driven lake breach event
wreaked havoe in the Mandakini-Alaknanda valley
of Uttarakhand (Sundriyal et al 2015), which is
considered as the largest hydrological extreme in
the past millenninm (Rana et al. 2013; Wasson
et al. 2013a. b). The event resulted in devastating
floods and landslides, discharging a huge quantity
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Article history: The present study attempis to understand the geomorphic response in the upper Ganga catchmen
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1. Introduction

The Indian Summer Monsoon (ISM) is a major component
tropical climate system, including the Central Himalaya
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climatically sensitive Mandakini valley, (central Himalaya), for disaster
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Highlights

* The identification of landslide prone areas in climatically and geomorphically
sensitive Mandakini valley is the focus.

* Unscientific anthropogenic activities in areas located nearby streams are highly
landslide susceptible.

¢ Final Landslide Susceptible Zonation map is validated using post disaster
landslides and accuracy of the model is 77%.

* If the model of our study found affective, it can be applied for other river valleys
also.

Abstract

The entire Himalayan region is prone to disasters. with many people being vulnerable to hydroclimatic
threats such as extreme rainfall-driven floods, glacial lake outburst floods (GLOFs), landslide lake outburst
floods (LLOFs), and landslides triggered by rainfall. Landslides and floods are related, as the former cause the
lakes that burst, and floods can undercut slopes and cause landslides. During the past 200years, landslides
and floods caused by LLOFs in the Garhwal Himalaya have occurred in 1894, 1970, and 1978: but the most
disastrous event, in terms of loss of life and economic impact, occurred in June 2013, which was a result of
extreme rainfall in the Higher Himalaya and breaching of a moraine-dammed lake, very short-lived LLOFs,
and rainfall-induced runoff and landslides. Outmigration from the area as a result of the 2013 event has
caused anxiety about the future of the economy and also concerns about security of a state that has an
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Pattern of Holocene glaciation in the monsoon-dominated Kosa Valley,
central Himalaya, Uttarakhand, India
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Highlights

» Four stages of glaciations were identified since late glacial to late Holocene,
* Glacial stages were preserved in the form of curvilinear moraine ridges.

* Glacier responded to the minor changes in the temperature and moisture.

*+ Evidence of Last Glacial Maximum and Little Ice Age has been observed in Kosa
valley,

Abstract

Reconstruction based on the geomorphology, lateral moraine stratigraphy, and limited optical chronology
indicate that the monsoon-dominated Kosa Valley experienced four glacial advances during the late glacial
to late Holocene. The oldest and most extensive glaciation, which is termed as Raj Bank Stage-1 (RBS-1), is
represented by the degraded moraine ridge. This glaciation remains undated; however, the chronology of
outwash terrace gravel dated to 12.7+1.3ka indicates that the RBS-1 probably represents the Last Glacial
Maximum (LGM). The second glacial advance (RBS-2) is preserved as a curvilinear lateral moraine and is
dated to 6.14+0.4ka. The third glacial advance viz. RBS-3 is bracketed between 5.0+0.5 and 4.0+0.4ka,
Following this, the glacier receded in pulses that are represented by two distinct recessional moraines (RBS-
3aand b). The forth glacial stage (RBS-4), which is dated between 2.2+0.2 and 1.6+0.2ka, shows a pulsating
recession and is represented by a prominent recessional moraine (RBS-4a). Whereas, presence of
unconsolidated, poorly defined moraine mounds proximal to the glacier snout are ascribed as neoglacial
advance corresponding to the Little Ice Age (L1A).
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Highlights

* Paleoflood records in major rivers like the Indus, the Alaknanda-Mandakini and
the Brahmaputra are explored.

* The chronology suggests that the Alaknanda-Mandakini Rivers experienced
extreme floods during the Medieval Warm Phase.

* During the Holocene climatic Optimum, the floods in the Indus river were an
order of magnitude higher than the modern.

* The Brahmaputra river valley experienced a megaflood during 8-6ka BP.

\bstract

Ve use paleoflood deposits to reconstruct a record of past floods for the Alaknanda-Mandakini Rivers

Garhwal Himalaya), the Indus River (Ladakh, NW Himalaya) and the Brahmaputra River (NE Himalaya). The

eposits are characterized by sand-silt couplets, massive sand beds, and from debris flow sediment, The
hronology of paleoflood deposits, established by Optically Stimulated Luminescence (OSL) and 4C AMS
ating techniques, indicates the following: (i) The Alaknanda-Mandakini Rivers experienced large floods
uring the wet and warm Medieval Climate Anomaly (MCA); (ii) the Indus River experienced at least 14
arge floods during the Holocene climatic optimum, when flood discharges were likely an order of
nagnitude higher than those of modern floods; and (iii) the Brahmaputra River experienced a megaflood
etween 8 and 6ka. Magnetic susceptibility of flood sediments indicates that 10 out of 14 floods on the
ndus River originated in the catchments draining the Ladakh Batholith, indicating the potential role of
lacial lake outbursts (GLOFs) and/or landslide lake outbursts (LLOFs) in compounding flood magnitudes.
ollen recovered from debris flow deposits located in the headwaters of the Mandakini River showed the
resence of warmth-loving trees and marshy taxa, thereby corroborating the finding that floods occurred
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Engineering Geological Evaluation of Kakoragad Small
Hydroelectric Project, Uttarakashi District, Uttarakhand
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Abstract: The proposed Kakoragad small hydroelectric project is a run of the river scheme, on Kakora River
near Harsil in Uttarkashi district of Uttarakhand. The water will be diverted hy an 18m long rectangular trench
ype weir at an altitude of £2942m. The diverted water will be carried 1o the powerhouse through power tunnels
over a distance of 1629m 10 produce 12.5MW of eleciricity. The whole project is located within the rocks of
Vaikrita Group. This study includes detailed discussions on geological setting in addition to highlighting the
anticipated Engineering Geological problems likely 1o be encountered during construction of the project. The
rocks at the project site have been classified using Rock Mass Rating (RMR) system and also by Q-system in
order to predict rock load and support requirements.

Keywords: Kakoragad small hydroelectric project, RMR, Q-system, in-situ stresses, remedial measures

I. Introduction

The snow fed perennial rivers of Himalaya have huge hydropower potential. This non-exhaustible
resource is an effective means to meet the rapidly rising energy requirements of the country. Several mega and
micro scale hydroelectric projects are already functioning in the Himalayan region, while many more are under
construction as well as planning stages across the Himalayan Rivers. The suitable location for Run-of-the-River
Schemes (RORS), in Himalaya is a challenging tzsk due to the fragility and high seismicity of the terrain. Since
the terrain is highly sensitive environmentally, safe water conductor structures such as tunnels are more
preferred as compared to open channels, which involve huge cuttings of the slope and other attendant
environmental issues. These structures have minimum environmental problems, easy to construct and maintain
with extremely high stability against earthquakes The stability of underground openings is dependent on rock
mass condition, in-situ stresses, support stiffness. size and shape of the cavity. method of construction and
sequence of construction practice among other factors. In the present case, the Engineering Geological problems
associated with the construction of a small hvdropower project has been discussed. Here, the proposed
rectangular trench type weir will help to ensure free flow of water without stagnating the water across the river
course.

The Kakoragad small hydroelectric project is a Run-of-the river scheme (RORS) for power generation
by exploiting the hydro power potential of the Kakora stream. a tributary of the Bhagirathi River. The project is
situated near Harsil, about 75km from Uttarkashi towards Gangotri (Fig 1). The Kakora stream is a perennial
stream, which originates from the snow clad mountains having a peak elevation of 5900m and flows in the
south-west direction up to Harsil village, where it meets the Bhagirathi River. This Engineering Geological
problems of this small hydroelectric project have been discussed with particular reference to five important
project components namely diversion weir, water conductor system, forebay, penstock and powerhouse.

I1. Geological Setting Of Project Area

The Kakoragad small hydroelectric project is situated in Higher Himalayan terrain of Garhwal
Himalaya. The rocks exposed in and around the project site belongs to Vaikrita Group. The region has
undergone high grade metamorphism resulting in the formation of Garnet-Quartz-Mica Granulite interbedded
with Biotite-Mica Schist. The Biotite-Mica Schist shows trapped emplacements of anhedral to subhedral
crystals of quartz. Thick debris cover could be sezn all along the stretch of the Kakora stream from Harsil and
further upstream up to the proposed weir site. However, a small patch of rock is seen at the proposed weir site.
Debris materials mainly consisting of big rock blocks mixed with silty soil are present close to the valley face on
the left bank near diversion site and desilting tank. At the diversion site, rocks show well developed foliations
with less developed joints. Huge thickness of debris found at

DOI: 10.9790/0990-0504010107 www.iosrjournals.org | | Page
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Abstract: The proposed Sivan Gad small hydroelectric project is a run of the river scheme, on Siyan Gad River
near Harsil in Uttarakashi district of Uttarakhand. The water will be diverted by a 6m high weir through a 2.72
km long power tunnel to a surface power house near Jhala village to produce 5 MW of electric power. The
whole project is located within the rocks of Harsil Metamorphics of Vaikrita Group. This study includes
detailed discussion and control measures for engineering geological problems likely to be encountered during
construction or post construction period. The rocks at the project site are classified according to Rock Mass
Rating (RMR) system and also by Q-system in order to predict rock load and support requirements.

Keywords: Sivan Gad small hydroelectric project, RMR, Q-system, in-situ stresses, remedial measures.

I. Introduction

The Himalayan region is rich with perennial rivers, which are potential enough to meet the rapidly
rising energy requirements, but construction of micro to mega hydroelectric projects are challenged by the
fragility and high seismicity of the terrain. The stability of underground openings is dependent on rock mass
condition, in-situ stresses, support stiffness, size and shape of cavity, method of construction and sequence of
construction among other factors.

The Siyan Gad small hydroelectric project is a run-of-river scheme for generation of SMW by
exploiting hydro-power potential of Siyan Gad stream, a tributary of Bhagirathi River. The Siyan Gad stream is
fed by rain, spring water and glacial ice melts. The small hydroelectric projects in general have five major
components namely Diversion Weir, Water Conductor System, Forebay, Penstock and Power House. Location
Map of the study area shown in Fig 1.

Sty Area
trvchia

Uttar akhand State

UMtacakast Distoact

Fig.1. Location map of the study area

II.  Geology of Project Site
The Siyan Gad small hydroelectric project is situated in Higher Himalayan terrain of Garhwal region.
The rocks in the area belong to Vaikrita Group, named by Griesbach (1891). The medium to high-grade
metamorphics of Vaikrita Group is known as Harsil Metamorphics. The lithology encountered in this area
includes mainly micaceous quartzites, which consist of thick quartzite bands alternating with thin bands of mica
schist. The mica bands mainly consist of biotite and muscovite minerals. Because of the presence of thick

DOI: 10.9790/0990-0501014651 www.iosrjournals.org 46 | Page
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Kinematic analysis of slopes between Preng and Ganderbal,
Jammu and Kashmir Himalaya, India
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Abstract: Slope stability is a matter of concern for many projects such as buildings, bridges, hydro projects, highways,
railway, canal and tunnels in hilly terrain, The present study is carried out between Preng and Ganderbal in Ganderbal
district of Jammu and Kahmir. The Ganderbal hydro project is located on the left bank of the river Sind. The Sind River is
one of the tributaries of Jhelum River. Slope Mass Rating (SMR) has been done to identify different classes of slopes, their
vulnerability to instability and Kinematic analysis by Markland's Method, as the said method is applied to decipher the
possible mode of failure and directions in the study area. The said approach was preferred considering the heterogeneous
rock mass and being anisotropic with infinitely variable strength parameters that are difficult to determine precisely. The
study concludes with the assessment of rock mass conditions and further categorization into fair and poor categories. As the
area is facing the recurrences of mass wasting and slope failures, it could broadly be classified into planarand wedge failure.
An attempt has been made for the assessment of the rock mass leading to better alignment of highways, tunnels and to
foresee any potential rock slope failure during excavation/construction. SMR study concludes that the area falls in partially
stable to unstable class.

Key words: Kinematic Analysis, Markland's Test, SMR, Ganderbal, Jammu and Kashmir Himalaya.

WRT: TRTE) &5 § TeTeal & gl &1 ReRan &8 aRTosi Sif 999, el Setferegd TRaTST1, XISTHT, Yo—arg, Te<i ae
T & Fior & R 1 fRwa 81 § | SRR e o # ST o1 Remd a6 s o qon evae & wed fa man &, i s o
Td HYHR I & TTexael FoTed & Sferfa o & | Tevae s aRaremn Rie 78 & a7 @e w Rera # | Rig 78 som 78
@ e Afedl # [ UF 2 | Il B ReRAl F Houiw= arell & fafi avt 3 uger @ 3, 2t @ Haeeierar ud s
&1 e Aiheivs AR gRT et fverwr & wregw F fran man € ) it av R or@ @ wRew a1 sRor B9 % e qen
T TR &1 e B & folq SUGART & | a0 oy 1 gatery f adraan €1 7 & aifts segws & # faodg I &
ftremer & foreh SRV SRS Ue s uRadeiTe Rt o werad @ Rerfy @1 Rive w0 @ S o oo 81 59
e | T8 Frend freren mar @ R et Y Rerfdy @ sterer 9 O Refdn wve 98 7E SHGR 85 Y JR-aR g8 &RV
Qd el & R/ Sxa) b AT e ol & | Qe Rerfay & Are div w el @ 2o 3 B vd aelra ge # Rl
T E | T SeqE H el B T B SEe B MR TR I W9 W A 2GR b Frafor @ R s e o v
e e & <en waré va Pt Rt @ W st T weia e e @ arwer e T @ | Sad R @ et o Rewar

@ AT B UL TE FTepy el & f S am et W @ Rer @ anif¥e wu 9 afer Aft § amar 2|
AP e YT freeryor, Arnerve R, gt @ Rewr &1 geares, Texae, wR 1E HEER e |

NTRODUCTION

he Himalaya being the youngest mountain chain of the world
tectonically and climatically sensitive (Poonam er af. 2017,
undriyal et al. 2015). Problems of slope failure are very
ommon in the Himalayan region. Every year the region faces
veral landslides, which create risk to human lives and
\frastructures such as highways and civil structures like
ams, buildings etc. Landslide is defined as the movement ofa
1ass of rock, debris or earth down a slope (Cruden 1991). can
c triggered by a variety of external stimuli, such as heavy
nfall, intense earthquake, water level change, and rapid
ream erosion that cause a rapid increase in shear stress or
ecrease in shear strength of slope- forming materials
Asthana & Sah 2007: Bhambri et al. 2017; Chaudhary ¢ al.
010).

The state of Jammu & Kashmir is strategically very
nsitive and distinct with respect to topography and climate,
0st part of the state is mountainous; the topography along

with the climatic condition and various anthropogenic
interventions have made it susceptible to natural hazards.
Landslides arc onc of the natural hazards that arc common and
peculiar to the state. Almost every year the state faces the
problem of landslides which affect society in many ways like
loss of lives, damage to houses, agricultural land and other
infrastructures like roads and dam sites. The vulnerability has
increased because of presence of unstable and fragile
lithology, seismicity and various unscientific developmental
activities. Deforestation, unscientific construction, terracing,
encroachment on steep hill slopes are a few and foremost
anthropogenic activities which have increased the frequency
and intensity of landslides.

The study area comes around a proposed New Ganderbal
Hydro Electric Project in Ganderbal district (Fig. 1A). Itis a
run-off the river scheme located on the left bank of Sind river.
Besides power generation, the project envisages providing
drinking water facilities and irrigation to the local command
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Water quality assessment of the reservoirs of Lambagad and
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Abstract

Reservoirs are the anthropogenic features that accumulate a large volume
of water behind them and in tum alter the physicochemical and biological
characteristics of water. The Alzknanda river is a major source of drinking
water in the study area. Present study outlines the anomalies in the water in
two reservoirs of Lambagad and Srinagar. The two reservoirs were selected
and their physico-chemical and biological characteristics measured in
laboratory and in field. The data obtained was merged into a single number
i.e. water quality index. With this index the upstream and downstream effects
on the water quality was calculated in the form of anomaly. It was observed
that WQI in the downstream of reservoir has improved as compared to the
upstream. WQI in the downstream of reservoir at Lambagad in pre and post
monsoon was 140.462 and 87.76 respectively as compared to 258.421 and
215.1 in the upstream of the reservoir. WQI in the downstream of reservoir
at Srinagar in pre and post monsoon was found to be 67.3416 and 57.8746
respectively as compared to 86.9244 and 64.66 in the upstream. Water quality
Index in the Srinagar reservoir in pre and post monsoon seasons are123.193
and 96.0176 respectively. The study concludes that the downstream site of
reservoirs has better water quality as compared to upstream.

Key words: Water quality index, water quality anomaly, weighted arithmetic index

method.

Introduction

Rivers are one of the biggest source
of potable water. With the advent of
anthropogenic influences these water
bodies are under severe environmental
stress. The Alaknanda river originating
from Satopanth glacier located in
higher Himalaya passes through such

anthropogenic zones and the water
quality is deviated. Reservoirs are one
such anthropogenic feature which
convert the fluviatile form of the river
into the partially lacustrine and hence
are able to deviate from the physical,
chemical and biological parameters
associated with water of the river. This
in turn causes a corresponding water
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Water quality assessment of Tehri dam reservoir in the
context of its potential in aquaponics, Uttarakhand

Rawat AM, Bagri DS and Kumar S

Abstract

The State ol Uttarakhand s one of the Himalayan States having more than 3/4" of its geographical area
as mountainous. Agricullure is not of commercial nature in most of its parts except in the Terai ones. The
geographical constraints are hampering the traditional form of agriculture here. The reservoir of Tehri
dam, having area nearly 52 Km?, offers an opportunity to switch over to the non-traditional practices in
the sector like aquaponics and thal o the commercially viable ones. This soil less media can be a
potential site for the new and innovative farming practices. In the study area, the water quality of the
reservoir is assessed by the authors and observed that the parameters like pH. dissolved oxygen,
temperature and nitrates, @re quite suited to the Aquaponics with a variety of plants. Sampling has been
done in Dobra Chanti. Koti. and Pipaldali all coming under lake area at various parts. The pH, DO,
Temperature, Nitrate at Dobra Chanti is 9.2.8.5 ppm. 24.9 degrees. 2.3 respectively. The values for Koti
are 9.23, 9.1 ppm, 22.5 degrees. 3.5 ppm respectively and for Pipaldali are 9.17, 9.3 ppm, 23.3 degrees,
and 0.4 ppm respectively.

As the comparative study of the above parameters was done by ' 2 7 it is found that the Tehri dam
reservoir has a high potential for the said bio-integrated system. Thus, the given idea facilitates that the
nutrient solution may lead to an increase in commercial agriculture, agro-business which will culminate
in employment opportunities and further research and development in this field. Moreover, such practices
may also be carried out in the reservoir and other impounded lakes in the state.

Keywords: Water quality. reservoirs. mountains, aquaponics. sustainable agriculture, business model

1. Introduction

Aquaponics is a very innovative form of agriculture which makes a kind of ecosystem between
the fish and certain plants that can grow in water. This is totally a soil less form of agriculture.
Here the nutrient for the plant growth is provided by the excretory products of fish which are
broken down by microorganisms so that the resultant by-product can be used 7!, This method
allows a sustainable growth to the crop without using the fertilizers and chemicals as the
harmless nutrients acts as a Natural fertilizers and ensure the growth of plants 241 It allows
us to save maximum water that could be lost in the conventional mode of farming through
percolation into the land. The Himalayan terrain is very rugged and at the same time, the water
and land resources for the crop production are too limited to be viable for commercial
production. At such terrains we need a very different form of agriculture that could generate
more output as compared to the conventional mode. Aquaponics is one such method that is
capable of producing up to three to six times the quantity of plants output of a conventional
planting system 2 and utilize less amount of freshwater needed to produce fish in a
conventional aquaculture system U'*l. So this system is perceived to be a possible sustainable
solution to the inadequacies of fish and crop production as well as unemployment and trade
deficit (due to high importation of food products) in many underdeveloped and developing
countries "I, From an environmental perspective, aquaponics stands out as a resource efficient
system of food production that minimizes the externalities and allows cascading of nutrients
that otherwise would cause eutrophication problem in the surrounding [2 16 17),

We intend to develop a new model of aquaponics in mountain agriculture by utilizing the huge
area of Tehri dam reservoir as an aquaponics media. Tehri dam has been a source of
employment for the locals in the last couple of years. The fish production in the reservoir is at
a very large scale. The idea of changing the aquaculture into aquaponics is the basic theme of
the present study.,

~ 166"
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ABSTRACT: Digital Elevation Model (DEM) is the 3D-representation of terrain surface in the
discrete form and a standard tool to examine the hydrological and research application related to
terrain characterization, landscape and water resources management. It helps in identifying
physical features of an area, watershed delineation and stream network generation. However,
several issues related to DEM’s accuracy is the utmost concern for researchers. The present study
is based on the comparative studies of DEMs viz., Cartosat-1, SRTM, ALOS and ASTER having
the same spatial resolution of 30m each. under two different categories of elevation data and
topographic attributes. The vertical accuracy of DEMs is examined by using ground control points
as a reference level of elevation generated from topographic map. Analysing different sources of
error in the DEMs. the RMSE and MAE based validation of elevation suggests that Cartosat-1
shows relatively high vertical accuracy (RMSE=45.2 & MAE=7.7) and ASTER shows the least
(RMSE=60.5 & MAE=34.6). The grid size, spatial variation and vertical accuracy of DEM are
among the prime attribute of data sources to determine the variation in basin morphometry. The
study area shows a gradually undulating topography with 5" order drainage network. An inference
can be made out of research study that the mean elevation values of ALOS, SRTM, Cartosat-1
are relatively lower than ASTER whereas differences in stream parameters are also observed.

Mean bifurcation ratio value, which varies from 3.8-4.4, indicates that the area is structurally

controlled.
1. Introduction:

Digital Elevation Model (DEM) is having the infinite sets of application in the areas of
geomorphology, characterisation of watershed, ecology, surface runoff, modelling related to

hydrology, soil erosion potential & agriculture etc. Significance of accurate DEM is mandatory
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ABSTRACT

The study is carried out with changing long-term trend and variation in one of
the significant climatic element. The daily gridded rainfall data of spatial resolution
0.25°x 0.25° for the last 46 years /e, 1970-2015, has been processed for the Asan
watershed located in Doon Valley, Uttarakhand. The non-parametric Mann-Kendall
(MK) test together with Sen's Slope Estimator has been used for the determination of
trend and slope magnitude in the watershed respectively. The gridded statistics of
annual and seasonal precipitation trends have been studied here to achieve the
objective. It has been observed that the magnitude of precipitation in annual and
monsoonal time series are increased for all grids except for grid 6 and 8 which show a
decreasing trend. The Post Monsoon time series shows a decreasing trend in all grids
except for grid 6 which show positive whereas both the summer and winter rainfall show
increasing trend except for grid 6. The Coefficient of variability shows variation for
annual and seasonal rainfall suggesting overall insignificant changes in the area.

Keywords: Statistical trend analysis, Mann-Kendall test, Sen's slope estimator, Rainfall
variability, Watershed

INTRODUCTION

Food production, conservation and management of water resources are a prime and
significant concern of any development and planning. Change in climatic conditions with time
is responsible for the loss of freshwater availability. IPCC (2007), revealed that in the mid of
218 century, 10-30% of the water present in the earth will project up and also fall in annual
average rainfall. Precipitation is important for the nourishment of vegetation and agriculture.
Particularly in developing countries, the adverse effect of change in climate on small farmers is
emphasized, as they are mostly dependent on natural and traditional methods of cultivating crops
(UNDP, 2014). Also, it plays an important role in shaping hydrology and water quality. Rainfall
together with temperature affects the variability of weather to a |large extent to determine the
crop cultivation in a different region of the world.

Climate change with reference to rainfall variability also discussed by various
researchers viz., Asfaw et al. (2018), Pandey et al. (2001), Gajbhiye et al. (2015; 2016),
Longobardi et al. (2009), Hamilton ef al. (2001), Birsan et al. (2005), Jhajharia et al. (2009,
2012, 2014 a, b), Kumar et al. (2010), Krishan et al. (2016; 2018), Xu et al. (2007), Modarres
et al. (2007).

Please cite this article as: Sharma, Ankita, Nikam, Bhaskar R., Bagri, D.S. and Kumar, Deepak (2020) Trend
analysis of annual and seasonal time series over the last 46 Years in Asan Watershed, Doon Valley based on
gridded data set: v. 13 (1), pp. 8-19 https.//doi.org/10.31870/ES1.13.1.2020.2
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Knowledge of the sedimentary thickness and configuration of the basement structure are important to
estimate the seismic hazards in active foreland basin. We present sedimentary thickness of the northern
Indo-Gangetic plain estimated from impedance tensors of 12 magnetotelluric sites. Occam’s one dimen-
sional inversion scheme was applied to invariant of the magnetotellurice tensors for the period range of
0.001-1 sec at each site. Inverted one dimeunsional model corroborates north-easterly dipping Indian
basement and accordingly increased thickness of the sedimentary column towards north and east
direction. The top sedimentary layers of varying thickness and resistivity are correlated with the known
borewell logs and previous geophysical studies around tle study area. Significant difference is observed in
thie resistivity of the Indian basement and thickness of the sedimentary colunn across the Delhi Hardwar
Ridge. The difference in resistivity may be an indicative of variation in compactness aud degree of
saturation of the sedimentary cover and the narure of the Indian basement rock across the Delhi Haridwar
Ridge.

Keywords. Indo-Gangetic plain; Himalaya: resistivity: magnetotelluric; 1D inversion; dimensionality.

1. Introduction intermediate sea was folded. faulted. thrusted and

uplifted along with its basement in Cenozoic period

The sediments of the Indo-Gangetic plain (IGP) (Burbank et al. 1996; Najman et al. 2004). From

have varying thickness of ~1-6 km (Lyon-Caen
and Molnar 1985; Borah et al. 2015). These sedi-
ments have been deposited over a deep trough
formed by solid rocks of the Indian crust (Sastri
et al. 1971; Rao 1973: Singh 1996). Geology and
tectonic setting of the IGP. is closely related to the
formation of the Himalayan orogeny. Neo-tectoni-
cally active IGP was formed in response of the
Himalavan uplift after the collision of India and
Eurasia continental plates (Dewey and Bird 1970:
Pati et al. 2015). Due to the collision and siubse-
quent thrusting, the old sedimentary prism of an

Published online: 15 July 2020

north to south, these fault lines are named as Indo-
Tsangpo suture zone (ITSZ), South Tibetan
Detachment (STD), Main Central Thrust (MCT),
Main Boundary Thrust (MBT). Himalayan Fron-
tal Thrust (HEF'T) (Gansser 1964: Ni and Barazangi
1984: Yin 2006: Jain ef al. 2016: Thakur et al
2018). Further south of the HFT, a fexure was
developed on the Indian plate due to collision and
partial subduction below the overriding Eurasian
plate. Later, the debris of the Himalayan sediments
brought by the major perennial rivers namely,
Indus. Ganga. and Brahmaputra along with their
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ABSTRACT

Dissolved Oxygen is one of the most crucial component that determines the holiness of any water
body. Rivers has been the lifeline for many civilizations they pass by, and the present scenario too
shows the huge dependency of humans in the rivers for one or many reasons. These dependencies in
the rivers has huge impact in the quality of rivers and their health. Creation of manmade reservoirs for
the power generation in the Himalayan Rivers, has been a common trend. The reservoirs convert the
riverine form of the water to the lacustrine one. In the present study the impact of man-made reservoir
in the dissolved oxygen of the river has been worked out in pre and post monsoon seasons. The
dissolved oxygen within the reservoirs has depleted compared to the upstream and the downstream of
reservoir in both the seasons. The DO within the reservoir in pre-post monsoon seasons is 5.1 & 4.55
respectively, which is low compared to the upstream values of 5.53 and 5.85 respectively in the said
seasons. The downstream DO values also shows the better conditions of 6.5 and 7.15 respectively.
Thus, the study suggests that the Srinagar reservoir has the capability to deviate the nature of the
flowing water,

Keywords:

Dissolved oxygen; Himalayan River; Water Quality: Reservoirs.

1. Introduction

Dams are physical barriers in river systems, and they and their associated impoundment water can
result in changes to the natural flow regime, which in turn may change the physico-chemical
parameters associated with the water Palmer et al. (1990). Ward & Stanford (1983) suggests that the
dams and their reservoirs has the ability to shift the parameters longitudinally upstream or downstream.
Similar to wetlands and larger reservoirs, small reservoirs temporarily store storm-water that is
gradually released, thus delaying and mitigating peak flows (Larm, 2000; Guo, 2001; Ravazzani et al.,
2014).Dissolved oxygen being a very sensitive aspect of a river can vary within the reservoir
depending on whether reservoir releases occur from the surface or near the bottom of the water column
(Willey et al., 1996; Neumann et al., 2006). This study focuses on the effects of a small reservoir in
the dissolved oxygen of pristine river of Himalaya viz. Alaknanda and how the conversion of the free
flowing river water to a different continuum i.e, reservoir makes the river to behave in a very different
manner that is manifested in its parameters.
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Abstract

Drainage basin dynamics of any river is controlled by geomorphic attributes which include both surface and subsurface
characteristics of a watershed. These characteristics comprise erosional and deformational processes affecting the hydro-
logical and morphological conditions of the watershed. Similarly, the tectonic setup of the watershed influences the ter-
rain topography and geomorphology as well. The paper deals with the evaluation of DEM-derived parameters related to
morphometry and tectonic selup in the Asan watershed, Doon Valley, Uttarakhand. The assessment of active tectonics in
the study area is based on the parameters related to the morphometry and morphotectonic characters of the watershed.

These terrain attributes are determined using Cartosat-1 DEM (10 m) using GIS to investigate the structural setting. The
parametric evaluation concerning morphometric analysis helps to understand their significance in watershed prioritization

and management while the tectonic analysis helps to determine the structural setup and identifying the hazard-prone area,
if persists, in the watershed. The study area falls downhill of tectonically active Lesser Himalaya and Siwaliks, make it an
ideal location to determine the degree of relative tectonic activity in the area. The average of measured attributes is used to
evaluate the combined classification of the Relative Active Tectonic Index (R,). The outcome reveals that the watershed is
tectonically active that experienced a differential rate of tectonism and have a consistence relationship between structural

disturbances and basin geometry.

Keywords Morphometry - Geomorphic indices - Watershed - DEM - GIS - Relative active tectonic index

Introduction

The active Himalayan mountain chain is subjected to various
deformational processes because of tectonic uplift, weather-
ing and denudational processes (Valdiya 2003; Perez-Pena
et al. 2010). The geomorphological setup of a particular
watershed is strongly affected by the deformational pro-
sesses occurring within them. It is strongly dependent upon
he tectonic activities occurring into it, which influences the
Irainage system, terrain topography and landscape devel-
pment. Tectonic geomorphology describes the formation
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Hemvati Nandan Bahuguna Garhwal University/[IRS-ISRO
Dehradun, India
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of geomorphic features which is the results of the relation-
ship between the tectonic and surficial processes (Burbank
and Anderson 2001). In controlling river behaviour and the
development of drainage network, tectonism plays a signifi-
cant part (Holbrook and Schumm 1999; Sinha-Roy 2001;
Valdiya and Narayana 2007). This can be described both
qualitatively and quantitatively (Hare and Gardner 1985:
Keller and Pinter 2002). The drainage network in active
regions is susceptible to teclonic features viz., faults, folding
and tilting. River and streams are the significant landforms
that are very sensitive to tectonic movement as these affected
by incision, diversion and asymmetry in a tectonic environ-
ment (Cox 1994). Watersheds behave as the fundamental
unit of the fluvial landforms and act as an ideal entity to
understand the tectonic activity in the area (Strahler 1964),
Geomorphological quantitative studies of the basin relate
with the study of morphometric and morphotectonic attrib-
utes of tectonic geomorphology. The geomorphic feature
gives quantitative information about the tectonic processes

@ Springer
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ABSTRACT

A flash flood that originated from Raunthi Gad-a tributary of
the Rishi Ganga river, in Garhwal Himalaya, caused unprecedented
loss to lives and damaged two hydropower projects on 7' Februray
2021. In order to asses the flood magnitude, the flow parameters
of the flood were calculated using the super-elevation of the flood
marks preserved in the flood affected valleys.

The textural characteristics of the flood deposits in the upper
reaches of the valleys indicate dominance of debris flows. The peak
discharge upstream of the confluence of Rishi Ganga and Dhauli
Ganga was around 1.1x10° m¥/s, which was four order of
magnitiude higher than the normal peak discharge (~ 3 m¥s). The
flow achieved a velocity of 30+3 m/s. An exponential reduction in
the flow velocity (from ~37 to 2 m/s) with distance is observed. For
which the river gradient and increase in sediment load is implied
flow that along its entrained way downstream between Raini and
Tapovan. Considering the sensitivity of paraglacial zones to climate
change, the paper calls for detailed studies pertaining to the
response of paraglacial zones to extreme weather events.
Importnatly, it is necessary to have more hydrological data covering
multiple valleys for predictive model simulation of the nature and
magnitude of such disasters in future.

INTRODUCTION

India stands among the six most flood-affected countries in the
world (Luo et al., 2015). Floods in Himalaya are generally produced
by extreme precipitation events (e.g. Sah et al., 2003; 2010; Juyal,
2010: Rana et al., 2012), landslide lake outburst floods (LLOFs)
(Wasson et al., 2013; Rana et al., 2013). and the glacier lake outburst
floods (GLOFs) (Korup et al.. 2006) or due to the meteorological
disturbances (Srivastava et al., 2017: Kale, 2004: Ziegleretal., 2014)
or the combination of the above factors. The June 2013 Kedarnath
flash-flood was triggered by a combination of high rainfall, snowmelt
and subsequent Chorabari lake outburst (Sati and Gahalaut, 2013;
Ranaetal., 2013; Doval et al., 2013). It has been observed that debris
flow triggered by high intensity rainfall events from paraglacier zones
are one of the major factors responsible for devastating the
infrastructures in the Higher Himalaya (Sundriyal et al., 2015)

The upper Alaknanda river catchment is dominated by the
glacial and paraglacial processes in which the Rishi Ganga, a tributary
of Dhauli Ganga, contains the largest concentrations of glaciers.

0016-7622/2021-97-8-827/$ 1.00 © GEOL. SOC. INDIA |

(Fig. 1). On 7" February 2021, at around 10:30 a.m. a debris laden
flash flood originated from Raunthi Gad -a tributary of Rishi Ganga.
The flood water devastated a 13.2 MW hydropower project at Raini
village taking at least 80 lives. Further downstream. in the Dhauli
Ganga valley, it destroyed an under-construction barrage of 520 MW
hydropower project and killed nearly 150 people (either swept away
or buried/trapped in the tunnel).

From future risk assessment point of view, this flood raised two
important questions: (i) what was the process responsible for the
genesis of the debris-laden flash flood from a small stream? (ii) What
determined the pattern of damage in the valley? To address these
questions, hydrological parameters are employed for determining the
magnitude and characteristic of this flood as it moved down valley.
The geomorphic imprints left behind by the flood are documented
by using the total station to reconstruct pre- and post-flood scenarios
with respet to channel geometry. Further, the hydrological
characterization of the flood was done using empirical methods (for
caleulating flood velocity and discharge).

STUDY AREA

The Rishi Ganga catchment (area ~690 km?) is located in the
Garhwal region of Central Himalaya, India (Fig.1). The Rishi Ganga
river, a sub-tributary of the Alaknanda river, emanates from the group
of glaciers in the Nanda Devi Biosphere Reserve (NDBR) and joins
Dhauli Ganga river near Raini village. The elevation in the catchment
ranges from ~1930 m above mean sea level (a.m.s.1.) at the confluence
10 7817 m a.m.s.l (Nanda Devi). The glaciers cover ~25 % of the total
area of this basin. It hosts seven major valley glaciers of varying
length ranging from 5 to 10 km (Kumar et al., 2020) including a few
hanging glaciers and cirques (Fig.1). According to glacier inventory
(RGI Consortium, 2017), ~74 glaciers having areas from 0.02 km? to
33.5 km*(with an average area of 2.3 km?) are located in this basin.
Among these eight large glaciers (area>5 km?) cover 72% of total
glaciated area. The major concentration of the glaciers feed the east-
weslt flowing stream, while the Raunthi (Bank) glaciers contribute to
the northward-flowing Raunthi Gad (Gad - stream).

The Rishi Ganga valley is characterized by recent glacial deposits
in the form of moraines, Apart from the moraincs, significant amount
of debris is available in the form of scree cones emerging from the
cirques and slope failures (Fig.1). The channel gradient is steep
(10™"), to moderate (102) and the average hill slopes ranges from

DOL: 10.1007/512594-021-1781-4
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OPEN Relationship of isotopic
variations with spring density
in the structurally controlled
springs and related geosystem
services in Alaknanda Valley,
Garhwal Himalaya, India
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As a traditional water source, springs are vital for Himalayan communities and it is essential to
consciously focus on springs conservation. We report oxygen isotopes (5'°0) of spring water before,
within, and after the tectonically active zones of the Alaknanda Valley, Uttarakhand. Higher variation
of §**0 in the spring waters is found in highly tectonically disturbed zone i.e., Zone-2 with §'*0

range - 4.9%o to - 9.0%o compared to tectonically less disturbed zones: Zone-1and Zone-3 with §%0
value range - 7.9%o to - 9.9%c and - 7.4 to - 10.2%: respectively. We hypothesize that the highly active
thrust zones (Zone-2) with increased permeability compared to other Zones, manifested as greater
spring density, results in higher water recharge in Zone-2. Very high to high spring density stretches
are dominantin Zone-2 compared to Zone-1 and Zone-3. Stretches in Zone-2 with high spring density
formed due to its highly tectonically active nature leads to the higher isotopic variation in Zone-2. The
study also identifies the geosystem services provided by thrust zones as water resources to the local
people and need of conservation modalities to manage the spring water resources in the thrust zones.

Many accounts associated with the earthquake-induced permeability enhancements and subsequent release
of the new water sources have been documented worldwide'-, Further, the coseismic hydrological changes
propose the groundwater mixing among different aquifers through new cracks?, which is the manifestation of
the enhanced permeability due to the earthquakes. Stable isotopes of water have been used as proxy” to show
that that earthquake enhanced permeability and release water from mountains as a subsurface hydrogeological
response to the 2016 Mw 7.0 Kumamoto carthquake. The stable isotopic variations have been used as a direct
fingerprinting tool to examine the changes in between before and after earthquakes***, On the other hand,
the variation in the isotopic ratios ('*0/%0) of oxygen has generally been attributed to evaporation of mete-
oric water’, together with '*Q-shift by the water-rock interaction® and changes of the oxygen isotopes before
earthquakes™ "', Also, the isotopic variation with altitude has been worked out by'*'*. This progressive depletion
of the heavier isotope in rain with altitude, as the cloud ascends, is often referred to as the “altitude effect” Thus,
most of the studies are focused either on the earthquake or altitude-regulated isotopic variations (altitude effect)
or due to the other fractionation processes. Other factors like the very high abundance of springs sources or
very high spring density in some stretches and the presence of active thrust zones may also also bring changes
in the stable water isotopes giving the indication of water recharge in the zone. As the stable isotopes of oxygen
indicate the recharge sources of the water'"-'6, the present work has been carried out to understand the impact
of tectonics on isotopic composition of spring water.

In the present work, we tried to decipher the first account of the thrust-controlled stable OXygen isotope vari-
ation in the spring waters of Alaknanda valley located in Garhwal Himalayas, Uttarakhand, India.

*Department of Geology, Hemvati Nandan Bahuguna Garhwal University, Srinagar Garhwal, Uttarakhand,
India. *National Institute of Hydrology, Roorkee, Uttarakhand, India. *Wildlife Institute of India, Chandrabani,
Dehradun, Uttarakhand, India. “email: aakashrawat4444@gmail.com
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Identifying potential hotspots of land use/land cover change in the last 3
decades, Uttarakhand, NW Himalaya
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ABSTRACT

Uttarakhand region in the NW Himalaya has experienced two extreme climatic-geomorphic
events within last 10 years that killed more than 6000 people. Though these events, like many
others in the Himalaya, have been attributed to climate-change and anthropogenic
disturbances, identification of potential hotspots of land use/land cover change is rarely
attempted to make future inferences for disaster risk reduction. An evaluation of spatio-
temporal changes in land use/land cover can be used to identify such hotspots. Therefore, we
analysed the spatio-temporal changes in a climatically sensitive and natural disaster-prone
area (~28856 km?) of Uttarakhand (NW Himalaya), India, by comparing the satellite data of
years 1991-2020 for ten land use/land cover elements to track the spatio-temporal changes
over these years. Results revealed the formation of two hotspots exhibiting relatively more
changes in land use/land cover pattern. Though the anthropogenic influence is observed in
both hotspots, the influence of spatio-temporally changing climatic parametres is also noted.
In view of frequent extreme climatic-geomorphic events, temporally increasing population
and tourist pressure, and temporally changing climatic conditions, it is vital to identify

hotspots having dominant changes in land use/land cover to understand the possible source of

potential disasters.

Keywords: Land use/Land cover; Uttarakhand; Himalaya; Climate: Anthropogenic action.

1.0 INTRODUCTION

The present pattern of infrastructural development and subsequent population increase in the
fragile ecosystem in mountain ranges have resulted in increased stress on environment in the
form of land use/land cover changes (Paudel et al. 2016). The studies pertaining to the land
use/land cover refer to extracting the information about physical characteristics of the earth
surface features along with the patterns of their utilization in time and space (Rawat &

Kumar, 2015). Change in the land use/land cover is the primary variable that affects a wide
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Nature and composition of interbedded marine basaltic
pumice in the ~52—-50 Ma Vastan lignite sequence,
western India: Implication for Early Eocene MORB
volcanism offshore Arabian Sea
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The recognition of pyroclasts preserved in sedimentary environments far from its source is uncommon.
We here describe oceurrences of several centimetres-thick discontinuons basaltic pumice lenses occurring
within the Early Eocene Vastan lignite mine sedimentary sequence, western India at two different levels —
one at ~5 m and the other at 10 m above a biostratigraphically constrained 52 Ma old marker level post-
dating the Deccan Voleanism. These sections have received global attention as they record mammalian
and plant radiations. We infer the repetitive occurrence of pumice have been sourced from a ~52-5(0
Ma MORB related to sea-floor spreading in the western Arabian Sea, most plansibly along the Carls-
berg Ridge. Pyroclasts have skeletal plagioclase with horsetail morphologies + pyroxene £ Fe-Ti oxide
enhedral crystals, and typically comprise of circular polymodal (radii <10 to =30 pm), non-coalescing
microvesicles | >40-60% ). The pumice have undergone considerable syngenetic alteration during oceanic
transport and post-burial digenesis, and are a composite mixture of Fe—Mn-rich clay and hydrated altered
basaltic glass (palagonite). The Fe-Mn-rich clay is extremely low in 5i0;, AlLO,, Ti0,, MgO, alkalies
and REE, but very high in Fe;00;. Mn(Q), P, Ba, Sr contents, and palagonitization involved significant
loss of 5i0dy, AlyOy, Mg() and variable gain in Fey(Oy, Ti(d,, Ni, V. Zr, Zn and REE. Bubble initiation
to growth in the ascending basaltic magma (liguidus ~1200-1250°C) may have occured in ~3 hr. Short-
distance transport, non-connected vesicles, deposition in inner shelf to more confined lagoonal condition
in the Early Eocene and quick burial helped preservation of the pumice in Vastan. Early Eocene Ara-
bian Sea volcanism thus might have been an additional source to marginal sediments along the passive
margin of western India.

1. Introduction in the geologic record (e.g., Carey et al. 2001; Risso

et al. 2002). Wadia (1944) was one of the first to

The record of millimetre to centimetre-sized small  identify abundant pumice fragments in coastal Sri
pyroclastic detritus, preserved in sedimentary envi- Lanka, an island where no inland voleanic erup-
ronments far from its source is largely unrecognized  tions have oceurred. Records of submarine voleanism

Keywords. Pumice; basalt; sea rafting; Eocene; Carlsherg Ridge:; Vastan lignite mine; India.
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A GYMNODONT FISH JAW WITH REMARKABLE MOLARIFORM TEETH FROM THE EARLY
EOQOCENE OF GUJARAT, INDIA (TELEOSTEL TETRAODONTIFORMES)
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ABSTRACT—The lower jaw of a gymnodont fish collected from the lower Eocene Cambay Shale Formation in Gujarat
Province, western India, has fused dentaries without a beak and a remarkable series of teeth that are unique among all known
fossil and living Tetraodontiformes. The teeth are molariform, with raised spokes radiating inward from the emarginated
peripheral edge of the crown. Tooth development is infraosseows, with new teeth developing in spongy bone hefore they
erupt and attach to the dentary by pedicels. Although many of the 110 tooth loci in the fossil have lost their teeth, in life the
tecth would have grown to fit tightly together to form a broad and continwous crushing surface. The estimated age of the
Cambay Shale vertebrate fauna is ca. 5345 Ma, making the jaw the second oldest confirmed gymnodont fossil. Preliminary
comparisons with extant taxa of gymnodonts with fused dentaries (e.g., Diodon, Chilowiyerers, and Molz) show detailed
similarities in jaw structure, but further study of the dentition is needed to better understand the evolutionary position of the
new fosail. We describe the new gymnodont as fAvireplecs moderis, gen. et sp. nov., in f Avitoplectidae, fam. nov., and place
the family as incenae sedis within Gymnodontes.

hnpeizoohank. org/um: ksid:zoobank.org: pabed SBFTCR5-224 1 -4 BA9- BOAR-6 DOET21CDIFD
Citation for this article: Bemis, K. E., 1. C. Tyler, W. E. Bemis, K. Kumnar, B. 8. Rana, and T. Smith. 20017. A gymnodont fish

jaw with remarkable molariform teeth from the early Eocene of Gujarat, India (Teleostei, Tetraodontiformes). Journal of
Vertebrate Paleontology. DMOT: 10, 1082 724634, 201 7. 1369422

INTRODUCTION *

Excavations during 2015 at a channel deposit in the early
Eocene (ca. 545 Ma) Tadkeshwar open-cast lignite mine in
Gujarat Province, western India, yielded terrestrial mammals,
lizards, snakes. frogs. and birds as well as assorted marine and
brackish-water animals, including shark and ray teeth and echi-
noderm spines (Smith et al., 2016). Among these is the lower jaw
of a gymnodont tetraodontiform fish, initially reported by Smith
et al. (2006:976, fig. 7D, E), in which the dentanies are fully and
indistinguishably fused across the midline, as in many other
fossil and extant ts (ie., trindontids, $Zignoichiys,
tBalkaria, diodontids, and molids; see Tyler, 1980; Tyler and
Santini, 2002; Bannikov et al., 2006; Close et al., 2006). The den-
tition of the fossil, however, differs from all other gymnodonts

*Corresponding author.

'Current address: Department of Fisheries Science, Virginia Institute
of Marine Science, College of William and Mary, 1357 Greate Road,
Gloucester Point, Virginia 23062, US A kebemis@vimsedu.

Caolor versions of one or more of the figures in the article can be found
online at wow. tandfonline. com/ujvp.

{and all other tetracdontiforms) in the remarkable structure of
its teeth. It lacks a beak (as present in, e.g., {Batkaria, Diodon,
and Mala), and the teeth are molariform. The occlusal surfaces
of most teeth have enameloid spokes that radiate inward from
the emarginated peripheral edge of the crown, forming a basin at
the center of each tooth. The teeth are also distinct from those of
mast other actinopterygians. In those groups with superficially
similar teeth (characins, such as Alestes, and fpyenodontids), the
dentaries are not fused across the midline as they are in most
gymnodont families.

There is a nich literature on fossil gymnodonts, the oldest of
which is tBalkaria histiopterygia from the earliest Eocene of the
north Cawcasus of Russia (ca. 55.8 Ma; Bannikov et al., 2016).
Almost as old is {Cremoplectus willimmsi, described from the middle
early Eocene London Clay (ca. 53 Ma; Close et al., 2016). Most
other early gymnodont fossils are from the late early Eocene (ca
50 Ma) and are inent in the ichthyofauna of Monte Bolca,
Italy (Tyler and Santini, 2002). A diodontid jaw described by Gallo
et al. (2009) was tentatively attributed to the Upper Cretaceous of
Bragil, but it remains of questionable age (Domburg et al., 2014;
Bannikov et al., 2016). Bavesian total-evidence tip-dating suggests
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ABSTRACT —The anatomy of Cambaythierinm, a primitive, perissodactyl-like mammal from the lower Eocene Cambay Shale
Formation of Gujarat, India, is described in detail on the basis of more than 350 specimens that represent almost the entire
dentition and the skeleton. Cambaytherium combines plesiomorphic traits typical of archaic ungulates such as
phenacodontids with derived traits characteristic of early perissodactyls. Camibaytherfion was a subcursorial animal better
adapted for running than phenacodontids but less specialized than early perissodactyls The cheek teeth are bunodom with
large upper molar conules, not lophodont as in early perissodactyls; like perissodactyls, however, the lower molars have
twinned metaconids and m3 has an extended hypoconulid lobe, A steep wear gradient with heavy wear in the middle of the
tooth row suggests an abrasive herbivorous diet. Three species of Cambaytherium are recognized: O thewissi (~23 kg),
C gracilis (=10 kg), and C marines (-9 kg). Body masses were estimated from tooth size and bong bone dimensions.
Biostratigraphic and isotopic evidence indicates an age of ca. 54.5 Ma for the Cambay Shale vertebrate fauna, the oldest
Cenozoic continental vertebrate assemblage from India, near or prios to the initial collision with Asia. Camhbaythenidae
(also including Makuesia and Perissobune) and Anthracobunidae are sister taxa, constituting the clade Anthracobunia, which
is sister to Perissodactyla. We unite them in a new higher taxon, Perissodactylamorpha. The antiquity and ocourrence of
Cambaytherium —the most primitive known perissodactylamorph—in India near or before its collision with Asia suggest
that Perissodactyla evolved during the Paleocene on the Indian Plate or in peripheral areas of southern or southwestern Asia.

Citation for this article: Rose, K. D., L. T. Holbrook, K. Bumar, B. 8. Rana, H. E. Ahrens, B H. Dunn, A. Folie, K. E. Jones, and
T. Smith. 2020. Anatomy, relationships, and palecbiology of Cemibaytherium (Mammalia, Perissodactylamorpha,
Anthracobunia) from the lower Eocene of western India. Society of Vertebrate Paleontology Memoir 200 Joumnal of

Vertebrate Paleontology 3906, Supplement). DO 100108003 724634 7020, 1T61370.

INTRODLUCTION

Cambaytheriom is a medivm-sized, bunodont, perissodactyl-
like mammal from the lower Eocene Cambay Shale Formation
of Gujarat, India. Initially based primarily on lower dentitions,
the genus was described as a perissodactyl by Bajpai et al
(2005a), who remarked on is  bunodonty. Soon  after
Cambaytherium was named, Rose et al (2006) described
Indobune vastanensis, based on bunodont upper teeth, and
assigned it to the family Anthracobunidae, then considered 1o
be stem tethytheres or basal proboscideans (Gheerbrant et al,
2005b). Additional specimens demonstrated that these two
genera were synonymous, with Cambayvtheriom having priority.
However, neither of these earlier reports recognized the

"Cormesponding author.
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phylogenetic  and  paleobiogeographic  significance  of
Cambaytherium: and were it not for subsequent discoveries of
maost of the skeleton, the taxon might have been relegated to com-
parative obscurity as an endemic taxon of little relevance o pla-
centals outside of India. The present study provides a detailed
account of the dental and skeletal anatomy of Cambaytherium
and demonsirates that it ooccupies a key phylogenetic position
with respect to the origin and relationships of the order Perisso-
dactyla. Iis phylogenstic relatonships in turn have significant
paleobiogeographic implications for the origin of the order Peri-
ssodactyla and the early diversification of Evungulata.

Initial comparson of ndobune upper teeth with those of the
supposed anthracobunid Nakusio shahrigensis from the lower
Eocene Ghazij Formation of Pakistan (Ginsburg et al., 1999) indi-
cated a close relationship and was part of the evidence cited to
support allocation of fodobune to Anthracobunidae. In the
19805 and 1990, anthracobunids—a group apparently confined



[Palaeontology, 2020, pp. 1-8]

RAPID COMMUNICATION

CHEMICAL EVIDENCE OF PRESERVED COLLAGEN
IN 54-MILLION-YEAR-OLD FISH VERTEBRAE

by SURYENDU DUTTA'

, SUMIT KUMAR', HUKAM SINGH?,

MAHASIN A, KHAN?, AMLAN BARAI®, ANURADHA TEWARI',
RAJENDRA S. RANA®, SUBIR BERA®, SHAMIK SEN* and ASHOK SAHNI’

'Drepartment of Earth Sciences, Indian Institute of Technology Bombay, Mumbai 400076, India; s.dutaiiith.acin
“Birtal Sahni Institute of Palaecsciences, 53-University Boad, Lucknow 226 007, India

‘Department of Botany, Sidho-Kanko-Birsha University, Ranchi Rozd, Purulia 7213104, India

*Biasciences & Bioengineering Department, Indian Institute of Technology Bombay, Mumbai 400076, India
:J)cparr.rn.eru of Geology, Hemmvati Nandan Bahuguna Garbaeal Undversity, Srinagar, Uttarakband 2461, India
“Cenire of Advanced Study, Department of Botary, University of Calostta, 35, B.C. Road, Kolkata, 700019, India

"Drepartment of Geology, Panjeh University, Chandigarh, 160014, India

Typescript received 9 Awugust 2019; accepted im revised form 21 November 2019

Abstract: Collagens are the most abundant proteins in
the animal kingdom. They form the structural framework
of connective tissues such as bones, tendons and skin, and
play an mmportant biomechanical role in supporting tissue
functions. The preservation of collagen in deep time is a
topic of intense debate. Here we provide indisputable
evidence for the presence of collagen in early Eocene fish
vertebrae using online pyrolysis comprehensive two dimen-
sional gas chromatography time-of-flight mass spectrometry
(py-GC=xGC-TOFMS)
The presence of cyclic dipeptides such as diketodipyrrole,

and immunofluorescence  analysis.

2,5-diketopiperazine of proling-proling and 2,5-diketopiper-
azing of proline-glycine along with other nitrogen-bearing

molecules in the pyrolysis products of the studied fossils
unequivocally demonstrate that collagen can  withstand
degradation and diagenetic alteration. Immunofluorescence
study also confirms the presence of collagen-l in the fos-
silized fish vertebrae. Contrary to common opinion, the
present findings suggest that the preservation of collagen in
fossilized soft tissues is not rare. We propose that one of
the essential factors controlling the preservation of collagen
is the establishment of a suitable microenvironment within
the fossil, inhibiting diagenetic alteration including micro-

bial decay.

Key words: collagen, fish vertebrae, Eocene.

Covrracess are the most abundant protein in the
extracellular  matrix and in connective tissue of
vertebrates (Shoulders & Raines 2009). In vertchrates,
collagens are found in skin, bones, cartilage, tendons
and corneas (Wess 2005). This structural protein fam-
ily provides tensile strength, torsional stiffness and
prevents mechanical failure of tissues (Ferraro er al
2017). The fossil record of soft tissues provides invalu-
able insights into their evolutionary biology (Lindgren
et al. 2014). Animal soft tissues are charactenzed by
nitrogen-bearing macromolecules which are labile and
prone to diagenctic alterations (Briggs & Summons
2014; Parry et al 2018). There are several biological
and chemical factors that influence the exceptional
preservation of soft tissues in deep time (Schweitzer
2011). The mechanisms of soft tissue preservation

& The Palaeontological Association

often include entombment in concretions of carbonate
or amber, or rapid cementation just after deposition
of organic remains (Schweitzer 2011; Melendez et al
2013; Grice er al. 2019). Collagen has been detected in
dinosaur bones of Cretaccous age (Schweltzer e al
2005; Asara et al  2007; Schroeter etal  2017).
However, these findings have been widely disputed
(Pevzner et al. 2008; Manning er al 2009 Buckley
et al. 2017). The common perception is that collagen
cannot survive diagenetic alteration  (Service 2017;
Saitta et al. 2018). Here we demonstrate unequivocally,
using online pyrolysis-comprehensive two-dimensional
gas chromatography coupled to time-of-flight mass
spectrometry  {py-GCxGC-TOFMS) and immunofluo-
rescence analysis, that collagen is preserved in Early
Eocene fish vertebrae.

daol: 10.1111/pala. 12469 1
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An orb-weaver spider (Araneae, Araneidae) from the early Eocene of India
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Abstract.—A new fossil spider is described from the early Eocene (Y presian) Palana Formation (534 to 57 Ma) at the
Gurha opencast lignite mine, near Bikaner, western Rajasthan, India. It is the first report of a nonamber fossil spider
from India. The fossil is referred (o the modern genus Nephila Leach, 1815, but with hesitation because, while its
habitus is similar to that genus, it lacks the behavioral synapomorphies that distinguish the genus.

Introduction

The golden orb-weaver genus Nephila Leach, 1815 is renowned
for its enormous orb webs constructed with distinctive gold-
colored silk, for its extreme sexual size dimorphism (females are
gigantic compared o the males), and for being a conspicuous
inhabitant of tropical forests (Kuntner et al., 2013). Some two
dozen species are recognized in the genus, together with several
subspecies (World Spider Catalog, 2018). Golden orb weavers
inhabit tropical and subtropical regions throughout the world,
and the enormous, permanent webs of the females serve as
microecosystems for a variety of Kleptoparasites and other
cohabitants (Wollrath, 1987: Tso and Severinghaus, [1998;
Agnarsson, 2003, 2010; Harvey et al.. 2007).

Nephila and related genera (presently including Clitaetra
Simon, 1889, Herennia Thorell, 1877, Nephilengvs Koch, 1872,
and Nephilingis Kuntner in Kuntner et al., 2013) were placed in
the family Araneidae Clerck, 1757 by Simon (1894), wogether
with other orb weavers, and close o the tetragnathines (Kuntner
el al., 2008). They remained in Araneidae uniil Levi (1986).
with doubt, and then Coddington (1990} transferred the nephi-
lines and tetragnathines into the family Tetragnathidae Menge.
1866. The nephiline genera were raised to family status
(MNephilidae Simon, 1894) in the work of Kuntner (2006), where
they remained (but closer o araneids than tetragnathids, e.g.,
Pan et al., 2004; Alvarez-Padilla and Hormiga, 2011; Su eral.,
2001 until Dimitrov et al. (2017) returned these genera to the
family Araneidse as subfamily Nephilinae, a result also sup-
ported by Wheeler et al. (2017).

Despite the large size of the females, most fossil nephilines
described are males in amber, mainly because of the need of
adult males to wander from their webs 1o seek out the sedentary
females. The youngest fossil nepheline described is Mimu-
trgeis silvesteis Wunderlich, 2011, a male in Quaternary
Madagascan copal. Miocene Dominican amber contains five
species of Nephila, all males, described by Wunderlich (1982,

98

1986), and Wunderlich {2004) described nine male nephilines
from Eocene Baltic and Bitterfeld amber, which he referred o
three new genera: Eonephila Wunderlich, 2004, Liarionephila
Wunderlich, 2004, and Palaeonephila Wunderlich, 2004. The
only female nephiline known hitherto from the Cenozoic Era is
Nephila pennatipes Scodder, 1883, from Eocene beds at Flor-
issant, Colorado. This species most closely resembles the one
described here in size and geological age. Mesozoic nephilines
include the males Cretaranens vilaltae Selden, 1990 from the
Early Cretaceous of Spain, Geratonephila burmanica (Poinar in
Poinar and Buckley, 2012) from mid-Cretaceous Burmese
amber, C. ligoningensis Cheng, Meng, and Wang in Cheng
et al., 2008 from the Early Cretaceous of China, and C. mar-
fensnetod Mesquita, 1996 from the Early Cretaceous of Brazil.
However, the age of Geratonephila was disputed by Wunder-
lich {2013), who synonymized the genus with Nephila. From his
long experience of working with Burmese amber, during which
time he had never seen a nephiline in the deposit, Wunderlich
(2015) considered that Geratonephila was more likely from the
Dominican Republic, of Miocene age. in which deposit the
modern genus is quite common; he suggested it might belong o
Nephila tenuis Wunderlich, 1986, Similarly. the two spiders
from the Early Cretaceous of China and Brazil are most likely
not nephilines but were placed in the genus Cretaranens
becaupse of their Cretaceous age.

The only female Cretaceous nephilines Known are several
large, undescribed specimens from the Early Cretaceous Crato
Formation of Brazil, one of which was figured by Dunlop and
Penney (2012, fig. 93). A giant female spider from the mid-
Jurassic Daohugou Fossil-Lagerstinte of China was originally
described as Nephila jurassica Selden, Shih, and Ren, 2011
However, shorily afier its description, a giant male was dis-
covered in the same beds, which was considered o be con-
specific with N. jurassica; the species was placed in the new
genus Mongolarachne Selden, Shih, and Ren, 2013 and
removed from MNephilinae. Kuntner et al. (2013) had already
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We describe the first two Blattodea from the early Eocene Palana Formation of the Gurha opencast lignite mine, western
Rajasthan, India. Although it is not possible to attribute them to a precise family, these large wings suggest a warm and
humid paleoclimate fior the area at that time.
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Dietyoptera are rather frequent in the fossil record since the late Carboniferous, they are mainly known from Europe,
Morth and South America, and Northern and South-Eastern Asia (Siberia, China, Myanmar). They are clearly less fre-
quent from the sub-continent of India, with few Permian and Mesozoic fossils (Fletcher, 1920; Rao & Shah, 1959; Verma,
1967, Dutt, 1977; Srivastava, 1988; Pinto ef al, 1992; Kapoor er al., 1993; Engel & Pérez-de La Fuente, 2012, Arya &
al., 2005). Indeed, fossil insects are rarely recorded from India, even if it since a long time ago (Hislop & Hunter, 1855,
Hislop, 1860}, but with the recent exception of those from the early Eocene Cambay amber (see Rust ef al, 20010).

Here we describe the first two cockroach’s wings from the early Eocene Palana Formation of the Gurha opencast
lignite mine, western Rajasthan, India. Shukla er af. (2014) already indicated the presence of insects from this mine_ Patel
et al. (2019a) recently described an orb-weaver spider {Araneae, Araneidae) and reported only insects like Formica sp.,
mayfly naiad, etc. (Patel er af., 2019b) from the same formation, otherwise known for their fossil pollen, leaves, flowers,
fruits (Shukla e af_, 2014; 201%; Shukla & Mehrotra, 20019).

The sample site, also known as Gurha opencast lignite mine (72.52269°E, 27 3229°N), is located at 70 km from Bi-
kaner (Fig. la). For the general peology of the subsurface Gurha lignite opencast mine, see Fig. 1b. The site is comprised
of multiple layers starting from the pebbly ash bed in the basement, followed by the Palana Formation. [t consists of
various layers with variable thicknesses, including the base of lignite (4.5 m). A (3.8 m) carbonaceous shale intercalated
with a thin band of dirty maroon sandstone (12,0 cm), varegated clay (6.0 m), carbonaceous shale, (3.7 m), variegated
shale (3.5 m), and maroon shale (3.0 m), respectively. The Palana Formation is overlaid by the Kolayat Formation, which
consists of variegated clays or fuller's earth (9.5 m), also overlaid by yellow ferruginous sandstones with lenses of clay
and sandy shales (5.5 m), gritty sandstones, lime kankar (7.5 m) of the Jogira Formation, with recent alluvium and soil at
the top (3.88 m).

The sedimentological and paleontological data, with plant leaves, rare fishes, and invertebrates, support a fluvio-
lacustrine environment with the influence of volcanism at the base for the Palana Formation. The pollen assemblages
indicate an early Eocene (Ypresian) age (Shukla e al., 2014).

The specimens were recovered by hand picking from the thin, laminated, carbonaceous, and maroon shale beds of the
Palana Formation exposed in the Gurha opencast lignite mine Bikaner District, Rajasthan, India. They were studied using
a Leica MZ-6 microscope. Photographs were taken using a Nikon D5500 DSLR camera and Olympus digital micropad
777 microscope. Specimens were at times treated with ethanol (95 %o) on the surface to create greater contrast between the
fossil and the surrounding matrix. The venation patterns were determined from composite line drawings of the part and
counterpart, improved by using Corel draw X7 software. We follow the wing venation terminology of Snodgrass (1935)
and Schubnel e af (2020).
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ARTICLE INFO ABSTRACT

Article history: Although Asia shows moderate species richness of mulberry {Morus L) today, unformunately no mulberry fossil
Received 3 April 221 has been reported from the Cenozoic sediments of this continent to date. Here, we report for the first time the
h";ﬁ%’m&;‘“ 23 May 2021 occurrence of leaf remains (both impression and compression) having similarity with modern leaves of Morus

from the early Escene sedimentary sequences of the Curha opencast lignite Mine, western Rajasthan, India.
The fossil specimens characterized by a heart-shaped ovate lamina, cordate base, long petiole, crenate-serrate
margin, actinodromous nabure of primary veins and craspedodromous type of secondany venation pattern are

Aveailable online 27 May 2021

EJ;:{:;E recognized as Morus asimior Patel, Rana and Khan sp. nov. This record suggests that mulberry was an important
Extinction component of trepical-subtropécal evergreen forests growing in a warm humid climate in the area of north-
Fussil leaves western India during the Eocene. This taxon subsequently dedined from the local present-day dry and desertic
Maorus vegetation probably because of the drastic climate and latitudinal change in the area, related to the Himalayan
Faleoclimale Orogeny and rainfall seasonality since the Eocene,

Fajastfun © 2021 Elsevier BV, All rights reserved.
1. Introduction also beneficial as food, fodder, fuel, and fiber. Morus fruit is also used to

The mulberry, a group of angiosperms allied to Moraceae comprising
of 40 genera and 1400 species, are cosmopalitan in distribution with the
majority of species occurring in the Dld-Warld tropics, particularly Asia
and the Indo-Pacific Islands (Watson and Dallwitz, 1992; Rohwer and
Berg, 1993; Berg, 2001 ; Berg, 2005a, 2005b ). The family Moraceae is cur-
rently placed under order Rosales with six tribes namely, Artocarpeae,
Moreae, Maclureae, Dorstenieae, Castilleae and Ficeae (Ribeiro, 2007
Clement and Weiblen, 2009; Chase et al, 2016; Milliken et al, 2009
onwards) and the genus Morus placed under tribe Moreac.

The tribe Moreae comprising of 10 genera and 80 species are widely
distributed in the temperate, subtropical, or tropical regions of the
world and can grow in a wide range of climatic, topographical, and soil
conditions (Krishna et al, 2018; Rohela et al, 2020). Based on the Plants
of the world online database, Morus comprises of 20 species with a world-
wide cosmopelitan distribution. The majority of the species oocur in sub-
tropical to tropical climatic zones. In India, this genus is represented by
five species such as Morus alba, M. indica, M. macroura, M. sermata and
M. nigra. Historically, this genus has been used in sericulture throughout
the world {Natic et al, 2015) and is famous for its nutritional benefits
and medicinal values [Priva, 2012; Krishna et al, 2018). Apart from
being the sole food plant of mulberry silkworm (Bornbyx mori), Morus is
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treat weakness, dizziness, tinnitus, fatigue, anemia, and incontinence
{ Tikader and Vijayan, 2010; Pham et al, 2017; Krishna et al 2018).

The fossil record of Moraceae, based on pollens, fruits, wood re-
mains, and leaves, has a long geological history, with the diverse and
abundant record from the Cenozoic sediments of Asia (Prasad, 1990;
Li and Zheng, 1995; Li and Zheng, 1995; Sun et al., 1995; Prasad and
Awasthi, 1996; Konomatsu and Awasthi, 1999; Singh and Prasad,
2008; Srivastava et al_, 2011; Prasad et al., 2013; Huang et al_, 2018).
However, to date, no fossil Morus has been reported from Asia. The
lack of fossil evidence limits the understanding of the diversification
and evolution of Morus in Asia. Leal and fruit remains of Morus have
been reported only from the Paleocene and Oligocene sediments of
USA, Marth America (MacGinitie, 1953; Brown, 1962; Becker, 1960,
1961; Taylor, 1990, From this point of view, our discovery of Morus
leal remains from the early Eocene of India is remarkable and consti-
tutes the first recognition of this mulberry genus from the Cenozoic
sediments of Asia. Our retrieved fossil specimens from Gurha lignite
mine represent that Morus, the comparable modern form of fossil
specimens, was once widespread in the area. Mevertheless, this
genus is now extinet in the vicinity of the fossil locality and is restricted
to other distant dimatologically favorable areas of India. We aim to de-
termine the dimatic changes that have drastic effects on the vegeta-
tion cover of the region in time and space and discuss the possible
causes of the disappearance of this taxon from the present-day veseta-
tion of the fossil locality.
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A new species of Indian kino tree
from the Early Eocene forests of
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Two impressed leaflet remains described here as a new
species Prerocarpus emarginaticus Patel, Rana and Khan
sp. nov., showing close resemblance with the extant leaf-
lets of Prerocarpus marsupivm Roxb. (Fabaceae), com-
maonly known as the Indian Kino tree, have been recorded
from the Early Cenozoic sedimentary sequences of the
Gurha opencast lignite mine (Early Eocene, Palana
Formation), Rajasthan, northwestern India. The diag-
nostic macromorphological characteristics of the fossil
leaflets are elliptical to obovate shape, microphyll size,
acute base, characteristic emarginate apex, pulvinate peti-
olile, entire margin, brochidodromots secondary veins,
presence of thin intersecondary veins and reticulate ter-
tiary veins. This is reliable fossil evidence of leaflets simi-
lar to modern P. marsupinm from India and abroad. The
occurrence of this species and the earlier reported angio-
sperm, including Fabaceae taxa from the same formation,
suggest the existence of a tropical, warm and humid
climate during deposition.

Keywords: Fossil leaflets, opencast mine, Plerocarpus
emarginaticus, Plerocarpus marsupium, sedimentary sequen-
ces.

PTERGCARPUS Jacg. is a pantropical tree belonging to the
family Fabaceae, subfamily Papilionoideae and tribe Dalber-
gieae'”. The genus is subdivided into two groups based on
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ABSTRACT

Here we report a record of well preserved and diversified fossil keaves and insect mmpressions which was
previous by unknown from the earby-Eocene sedimentary sequences of Gurha Lignite Mine, Western Rajsthan, India.
A detailed morphotaxonomical study on these fossil leaves revealed the occurrence of a variety of fioral assemblages
consisting of several phytogeographically and pabeoclimatically significant taxa such as Classena (Rutaceae), Ficns
{Moraceae), Grewia (Malveceae), Eugenia (Myrtaceae), Ziziphus (Rhamnaceac). Mangifera (Anacardiaceac) and
Lagerstroemia (Lythraceeae). The overall flioral assemblage suggests the prevalence of tropical warm and hurmid
chmate durmg the deposition of the sediments which was susable for the existence of most deciduous to evergreen
forests. Certam fossil msect mpressions have ako been reported for the first time such as Ephemeroptera ( Mayfhy
naiad), Baetidae (wing) and Hymenoptera (Formica) from Western Rajasthan. These insects aim to achieve higher
temperature for their survival, suggestimg prevalence of a tropical and warm environmental condition during the earhy-
Eocene. Such fioral and faunal clements mdicate co-existence and abundance of the biota in ths bcality.

Keyv-words: Fossil flora and fauna, Gurha mine, Rajasthan, Early Eocene, palacoecology, bogeography

INTRODUCTION

Among all the Paleocene-Eocene sedimentary
sequences occurting in various localities of India, the
Palacocene-Eocene Palana Formation & itself unique
for its highly diversified floral records. The recovered
floral assemblages are of great interest, particularly for
terresirial plant fossil records. The studied Gurha open-
cast lignite mine is simated about 70 km southwest of
Bikaner (72°.52710.38" E, 27°52732.06" N).
Previously, a good amount of plant fossils comprising
fossil leaves, fruits and macro and micro floral
assemblages havebeen recorded from the Gurha open

cast lignite mine (Shukla ef al , 2014b, Kumaret al,
2016). Vertebrate fishes as wellas impressions of the
certain insects (spider, mayfly, etc) in the shale
sedimentary section have also been reported (Patel &
al., 2018). In view oftheir biostratigraphic implications
and their thermal power generation these deposits of
the lignite associated sedimentary sequences are highly
significant. The lignite deposit ofthe Gurha open cast
mine comes under the Palana Formation of Early
Eocene age.

Prior to this work, palacobotanical studies have
been done by Shukla er al (2014 a, 2014b, 2014c,
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A partial skull of Equus cf. sivalensis is recovered
from the medium to coarse grain, compact sandstone
bed of Tatrot Formation (Saketi Formation, Upper
Pliocene) of the Upper Siwalik, Jhil-Bankabara area
(77°25°09.72" and 30°28°27.07") of Sirmaur district,
Himachal PradesH, India during the field work in March,
2017 (Fig. 1). The materials consist of well-preserved
partial portion of skull along with left and right maxilla
having P’ to M" dentition. The P' is absent in right maxilla
(Fig. 2). The check teeth are slightly curved hypsodont,
well preserved with thick enamel pattern and well
silicified. The P' is oriented parallel to the anterio - lingual
side of P? and is simple without cusp. The P* and M are
triangular in shape and P to M? are squarish shape. The
protocone is not isolated in all cheek teeth as in Hipparion
Species. P is the largest tooth and having smallest, broad
and sub triangular protocone. The other cheek teeth have
Sub elliptical (P%, P, M' and M?) and lanceolate (P*)
shape of protocone. M* has longest protocone followed
by P, M?, M' and P*. The pli-caballin is well preserved
with well distinct enamel boundary, bilobed except P*

which have multilobed. The pre-fossette and post-
fossette are variable shape and size in each tooth and
have complete boundary. The posterior enamel boundary
of pre-fossette in P, P, M' and M? are multilobed while
in P? and M’ have bilobed. The anterior and posterior
enamel boundary of post-fossette is bilobed in all check
teeth (Fig. 2). The paracone and metacone are well
developed, deep, broad, small and distinct in molars but
in premolar, they are shallow and clongated. The
hypoconal groove is also distinct in all cheek teeth. The
anterior and posterior interstylar faces are concave in
all premolar while anterior interstylar faces are concave
and posterior interstylar faces are slightly convex in M'
and M? and M" have nearly straight. The present species
E. cf. Sivalensis in general have close morphological
affinity Equus sivalensis and E. namadicus except in
size but on detail comparison with the occlusal view
and enamel pattern in the present species differs from
E. sivalensis by protocone, pre-fossette and post-
fossette shape and borders are more complex; anterior

Fig .1 Location and geological map
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Limb elements of Cervus sp- from "ower Karewa Formation of
Jammu and Kashmir, India, comments on functional morphology
and palaeobiogeography
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Limb bones of Cervas ap. have been recovered for the first time from the lower Karewa Formation (Hirpur
Formeation) exposed along the River Romushi, Khaigam, Pakharpora, Budgam District, Jammu and Kashemirn,
India. The 28 main morphological characters of present foasil tibia, asiragalus, calcaneus, cubionavicular,
ectomesocueifonm and metatarsal have been selected to compare with the fossils and recent limb bones of eleven
species of Cervidae, including Cenm elophus (red deer), Odocoilens henviories (mule deer), O virginianus
(white-1ail deer), Dama dama (fallow deer), Copreoies eaprealics (noe deer), Wuriaews reevesi (Reeve's muntjia),
Hydropores inermis (Chinese water deer), Alces alees (moose deer), Wegalocerms gigamens (Irish elk deer),
Cervalees sp. (Elkmoose deer), drvernocnnes arded, and three outgroup taxa, such as Giraffidae, Bovidae and
Camelidae. It shows that the maximum characters.of limb bomes have close affinities with the Cervas efaphuc and
presumably, these bones refer to Cenaes ap. The stsdy also suggests that the Cervidase originated from Eastern

Euragia’ Asia in o]
the W1 dle Mioo

& (Migocene or
The functiomal .o Lwology (scomorphology) of limb bones supponts the hypothesis that

Miocene and migrated to Europe and the Indian subcontinent during

the ars ap. lave had & cursorial habitat and lived in an open forest (forest and grassland).
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INTRODUCTION

The Kashmir Valley is bounded in the north by the Main
Great Himalayan Range and the southern sides by the Pir
Panjal Range, which evolved during the late Cenozoic time
uplift of the Pir Panjal Range. The ancient drainage system
has been blocked due to the uplift of the Pir Panjal Range,
resulting in the development of a large basin { Karewa Basin).
The basin received by the thick sequence of glaciolacustrine
sediments of the Karewa Group, which came from the higher
Himalayan ranges (Godwin-Austin, 1359; Wadia, 1941;
Farooqui and Desai, 1974; Burbank and Johnson, 1982,
Agrawal ¢ o', 1985, 1989; Kusumgar ¢ o, 1985; Agrawal
and Agraw .| 1005).

The initial geological investigation was done by De Terra
and Paterson, 1939, followed by several workers and divided
Karewa into two lithological units, which are lower Karewa
{Hirpur Formation) and Upper Karewa (Nagum Formation),
separated by an angular unconformity (Bhatt, 1976; Singh,
1982; Burbank and Johnson, 1982, 1983; Pant ool 197%;
Burbank, 1983; Agrawal es-=!  1989). Later, 1.2t (1989)
divided the Karewa Grou). o three formations: Hirpur,

rarhwal Umiversiry, Sréinagar Crarvwad, Unerakhand, frca
I: Rayemdra Singh Rena _rojendre rane! (@ gmail. com

Nagum, and Dilpur | rmations. The Hirpur Formation
consists of green to budish grey mud, light grey sandy clay,
fine to coarse-grained sand, conglomerate, thin bands of
lignite and lignitic clay. The Nagum Formation is made up
of fine to coarse-grained sand and ochre sandy clay, ochre
and cream coloured marl and gravel. The Dilpur Formation
mainly consists of a brown silt (Fig. 1).

De Terra reported the initial vertebrate fauna from the
Karewa Group, 1934 (in Pasco, 1973) followed by others
Hora, 1937; Badam, 1968, 1972; Tripathi and Chandra
1972; Tiwari and Kachroo, 1977; Sahni, 1982; Bh ([ 082,
Sahni and Kotlia, 1985; Kotlia, 1990; Kotliaper 982,
The invertebrate fauna, such as ostracodes, b alve and
gastropods, as well as the plant fossils such as charophytes,
pollens, spores and diatoms, were described by several
workers (Bhargava, 2015, reference therein).

The age of the Hirpur Formation has been suggested to
be early Pliocene-Pleistocene by Bhatia et al. (1998) based
on diagnostic charophyte flora such as Nitelopsis megarensis,
Lychnothammus brbatus, Chara globularis, and C. vulgaris.
The palacomagnetic and fission track dating of volcanic ash
beds of different sections have carred out by several workers
and suggested an age of 2.4+ 0.3 Ma (Burbank and Johnson,
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A new basal raoellid artiodactyl (Mammalia) from the middle Eocene
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A new artiodactyl of moderate size, Rgjourie gunnelli nov. gen., nov. sp, is described on the basis of several
dentaries, maxillae and isolated teeth from the middle Eocene Subathu Group of the Kalakot area, Rajouri
District, Jammu and Kashmir, India. Despite its general resemblance with the family Dichobunidae by the
retention of a paraconid on m1-2 and a simple P4 where endocristids do not form an anterior loph, this

taxon shares with Raoellidae bwo unambiguous characters: the presence of a hypoconid on pd, and an

asymmetrical M. The phylegenetic position of the new taxon within the Cetacea-Racellidae clade is

m strongly supported by seven non ambiguous synapomorphies, among which a cristid obligua on lower
Artiodactyla mexlars anteriorly pointing towards the postectoprotocristid, and a P3 with only two roots. The presence
Cubathu of a new basal racellid in the middle Eocene Subathu Group sheds new light on the phylogeny and pale-
Iolia ohiogeography of racellid artiedactyls.

Phylogenetic analysis @ 2021 Elsevier Masson SAS. All rights reserved.
Micro-LT scan

1. Introduction In this paper, we describe a new medium size racellid artio-

Artiodactyls are the most common medium-sized mammals in
the middie Eocene of the Indian subcontinent and Southeast Asia.
The middle Eocene Subathu Group in northwest Himalaya is one
of the most important geological units in India that s known for
artiodactyls, especially Raoellidae. This family is important in the
evolutionary history of cetartiodactyls because it is closely related
to Cetacea (Thewissen et al, 2007) So far, racellids have been
described by several authors from localities such as Kalakot, Sind-
kharuti, Chenpur, Tatapani, West Babbian Gala, East Babbian Gala,
Moghala {or Moghla or Mougla), all in Rajouri [or Rajauri) District
of Jammu and Kashmir and from the type area of Subathu in Hima-
chal Pradesh (Ranga Rao, 1971; 1972; 1973; Sahni and Khare,
1971; Kumar and Sahni, 1985; Thewissen et al., 2007). They have
been first related to different families of artiodactyls before they
were given their own familial status by Sahni et al. (1981). Pre-
sently, raoellids are represented by four senera: Indohyus,
Khirtharia, Kunmunella, and Metkatius (Kumar and Sahni, 1985)

* Corresponding editor: Gilles Escarguel,
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E-mail oddress: thierry smith@naturaliciences be (T, Smith]

hatps:|fdoi.oeg/ 1001016/ gechios 2020.12.003
001 6-6905{ e 2021 Elsevier Masson SAS. Al rights reserved.

dactyl on the basis of nearly complete upper and lower dentition,
recovered from a new fossil locality located near the village of Aiji,
Rajouri District, Jammu & Kashmir. The new locality, named East
Adji-2 (see Wagas and Rana, 2020), was discovered in 2017 by
one of us (MW) ca. 2 km away from East Babbian Gala (Fig. 1). It
yielded racellid skulls, dentanes, maxillae, posteranial elements,
and numerous isolated teeth.

Racellidae are mainly documented from the middle Eocene of
India. However, they are also known from the Kuldana Fm. in Lam-
midhan and Ganda Kas [Punjab Province) and Chorlakki (Kohat
District, North-West Frontier Province) in Pakistan (Dehm and
Oettingen-Spielberg. 1958; West, 1980; Thewissen et al, 1987),
and from Shanghuang fissure B, Jiangsu Province in China
(Metais et al, 2008, Orliac and Ducrocg, 2012). The well-
preserved remains of the new raoellid from the Kalakot area pro-
vides new information on the morphological characters, phy-
logeny, and paleobiogeographic implications of the family.

2. Geological setting

The geology of the Subathu Group of the Kalakot area, north-
west Himalaya has been described and discussed since nearly
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Abstract: Isolated elasmobranch teeth (sharks and ravs) from the middle Eocene {Bartoman) Bandah Formation 1n the Jaisalmer
Distnict of Rajasthan, India are described. The remams improve our knowledge of the environment represented by ths ithostratgraphic
unit and the ecology preserved therein. Seventeen unequivocal taxa were identified, including Nebrius sp., Striatolamio aff. 5
macrota, Brackyearcharias atlasi, B levichei, of Jaekelotodus sp., Carcharkinus mancinge, Rhizoprionodon sp., Physogalens
sp., Graleocerdo clarkensis, G eaglesomei, Odontorintis aff. O heimi, “Rhinobatos” sp., “Dasyaris™ sp., Coupatezia sp.,
“Aetomylaeus” sp., “Rhinopiera” sp., and Ouledia aff. €. lacune. OF these, “defomylaeus™ sp., 8. atlasi, C. mancinge, . clarkensis,
G eaglesomei, cf. Jaekelotodus sp., Nebrins sp., Odontariytis aff. (. pappenheimi, Cwledia aff. O facuna, and “Rhinopera™
sp. are reported from the middle Eocene of India for the first time. The Bandah Formation elasmobranch palacofauna has close
affinities to the Palacocene-Eocene Tethvan/Paratethyan faunas of Africa, Madagascar, Asia, and Furope, and some taxa indicate
a western hemisphere influence from Morth America. The Bandah Formation palacofauna indicates that deposition occurred in a
moderately shallow marine environment. The Bartonian age is primarily based on foraminifera but is corroborated by the presence

of elasmobranch taxa that alse occur in contemporaneous

Palacogens, and our study indicates that the sea completely wi

sits elsewhere. The marine regression started during the earl

from the Jaisalmer Basin after the deposition of the H\B.III.BEI’

Formation. This event may have been synchronous with the middle Eocene uplift of the Himalayan-Tibetan Flateau.

Kevwords: Palaeogens, Chondrichthyes, Elasmobranchii, South Asia, Indian Ocean
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INTRODUCTION

The Palacogene basin of the Jaisalmer District in Rajasthan,
India has long been recognized for its rich diversity of fossil
mvertehrates, but wvertebrate fossils from the region are
comparatively poorly known (Kumar et al., 2007; Pandey er
al., 2018; Kumar et al_, 2007; Kumar e al., 2020). The paucity
of studies on the vertebrate fossils in this region 15 due to a
combination of factors, one being the poor state of preservation
of much of the matenal. Of the few published studies on fossil
vertebrates from the Jaisalmer District, Kumar e af. {201 7) and
Kumar er al. {2020} described small vertebrate faunas from the
middle Eocens Bandah Formation in Rajasthan. Komar et al.
(2017) wdentified tecth as fnwrus sp, Lamna sp., Striatolamia
sp. and (falescende sp., and Kumar ef al. (2020) reported

e occurrence of fsurus of [ axyrhinchus, Carcharias cf.
C. rricuspidatus, Galeocerdo sp., and Mwliohatis sp. These
preliminary reports are of interest because the fossils were
obtained from the same locality and formation as the present
study, but the material was surface collected from a different
outcrop where the lithologic beds are more difficult to discem.

Outside of the Jasalmer Iistrict, several Palacogene
elasmobranch faunas have been reported from the Indian

subcontinent, the oldest of which occur in upper Palacocens

{Thanetian) to lower Eocene {Ypresian) sirata of the Akl and
K.apurdi formations in the Barmer District of Rajasthan (Rana er
al., 2005, 2006; Rajkuman & Prasad, 2020), and the similariy-

Kakara Formation of the Shimla District in Himachal
Pradesh (Gupta & Kumar, 2013). Early Eocene elasmobranch
faunas have been documented from the Cambay Shale of the
Surat District { Rana e af., 2004, the Subathu Formation of the
Solan District of Himachal Pradesh ( Sahm ef afl, 1984; Kumar
& Lovyal, 1987), Milkanth of the Paun District of Uttarakhand
(Kumar, 198%) and Rajoun [Mstnct of Jammu and Kashmir
{Khare, 1976). Additonal selachian faunas were described by
Sahmi & Mishra (1975) from vanous Eocene units in the Kutch
Dustrict in Grujarat.

Herein we describe a collection of 1solated elasmobranch
teeth recovered in sif from the Bandah Formation i the
Jaisalmer District of Rajasthan that were obtained during a field
investigation in the region in February 2020, These specimens
are described in detail, and we provide a re-evaluation of the
elasmobranch remains previously rted from the locality
by Kumar e al. (2017) and Kumar et al_ (2020). Additionally,
we discuss taxonomic issues and the palacoblogeographic
distributions of the species we dentified, and we provide
a palacoenvironmental 1 won for the fossiliferous
horzon based on the fossils that have been collecied.
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New fossils from Tadkeshwar Mine (Gujarat, India) increase primate
diversity from the early Eocene Cambay Shale
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Several new Fossil specimens from the Cambay Shale Formation st Tadkeshwear Lignite Mine in Guojarat
document the presence of two previously unknown early Eocene primate species from India. A new
species of Asiodapis s named based on a jaw Fragment preserving premolars similar in morphology to
thote of A. comboyenss but substantially langer. Also described i< an exceptionally preserved edentulous
dentary (designated of. Asiodapes, unnamed sp. now) that is slightly larger and muoch more robust than

deywars: previoushy known Cambay Shale primates. s anatomy most closely resembles that of Eocene adapoids,
l::m“mmus and the dental formula is the same a5 in A cambayensis, A femur and calcamews are tentatively allocated
mma to the same taxon Althowgh the dentition is unknown, exquisite preservation of the dentary of of

Asindapis sp. nov. enables an assessment of mastcatory muscalature, function, and gape adaptations, as
well 2 comparizon with an equally well-preserved dentary of the asiadapid Marcgodinotius indicus, also
from Tadkeshwar. The new M indicus specimen shows significant gape adaptations but was probably
capable of only weak bite force, whereas of. Asiodnpis <p_ now. probably used relatively smaller gapes but
could generate relatrvely greater bite forces.

Masticatory function

@ 2018 Elsevier Lid All rights reserved.

1. Introduction and of. Astadapis cambayensis (an edentulous dentary ). Motably, one

of the jaws of M. indicus comes from the lower level, stram-

The early Eocene primate fauna of India is known so far only
from the Cambay Shale Formation, which is exposed in open-cast
lignite mines in Gujarat, west central India. Our understanding of
these Indian primates has been based almost entirely on the
extensive sample from Vastan Lignite Mine, which includes about
100 specimens (dental and postcranial) representing at least four
taxa—the asiadapid adapoids Marcgodinonius indicus and Asiedapis
cambayensis, and the omomyids Vastenomys gracilis and V. major
(Bajpal et al, 2005; KHose et al, 2007, 2009; Dunn et al, !L'I'Illi].
Recently we reported a small number of primates from the Cambay
Shale at Tadkeshwar Lignite Mine, about 10 km southwest of Vastan
Mine (Smith et al, 2016). These fossils, from two stratigraphic
levels, were referred to M. indicus (two tooth-bearing dentaries)

* Comespanding auther.
E-muail odaress” kdrmse@himiedu [K.D. Rose)

hitpes [ dolorg) 10.00&/ | jhewal 2018 05,006
D047-2484/0 2018 Elsewier Lid All rights resened

graphically slightly higher and thus probably slightly younger than
the Vastan fossils, whereas the second comes from the higher level,
about 12 m above the lower level and therefore certainly younger,
although how much younger is still unknown and controversial.
Both specimens of Marceedinodius are close enough morpholoegi-
cally to the Vastan sample to justify allocation to the same species,
although the higher specimen is derived in showing slight
compression and a possible reduction in number of anterior
premolars,

Here we describe several new primate specimens from Tad-
keshwar mine, which indicate the presence of nwo previously un-
recognized primate species from the Cambay Shale. This increase in
diversity is further evidence that India played an important role in
the evolution of primates early in their history.

Please cite this article in press as: Rose, K.0_, et al. New fossils from Tadkeshwar Mine (Gujarat, India) increase primate diversity from the early
Eocene Cambay Shale, journal of Human Evolution (2018], https:|[dolorg/10.1016]] jhewel 2018 .05.006



JGSR

Sewirrvial of Geosciences Research

Fol. 2, Nol, Jarweary, 2007
A2

N

" By
WWW. IS NASPULOTE

Palaeogene Fish Otoliths from Lignite Associated Succession
(Cambay Formation) Khadsaliya, Bhavnagar, Gujarat, India
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Abstract

Ten genera and seventeen species of teletostean taxa of otoliths were recovered from the Khadsaliya clays (Cambay Formation ) exposed
in Khadsaliya open cast lignite mine, Bhavnagar, Gujarat. This was done by screening and washing of ~500kg rock matrix of which ten species
arc new viz. Palaeogadus elongatus sp. nov., P lanceclatei sp. nov., dmpheristus bhavagarensis sp. nov., “genus Batrachiodidarum
eacenous sp. nov.,” genus Opisthognathid ™ sahinii sp. noZ 28y, “genus (. khadsalivensis sp_nov., Apogon nolfi sp. nov., A. closeostivmus sp.
nov., A. cambayenensis sp. nov. and “genus Uranoscopidarum * ellipticus sp. nov. The present day relative of these represented taxa oceurs in
the marine realm while some of them penetraie into fresh water such as pristigasterids, atherinids, centropomids, ambassids and ophidiids but
the primary freshwater fishes are absent. The present taxa are mainly confined to tropical, subtropical, very shallow, near shore habitat and the
mesopelagic and deep water bottom fishes are also absent. In general, the present fish taxa suggests a protected shallow marine environment and
not widely exposed ocean realm and may be regular influx of fresh water or may be estuarine of protected bay.

Keyword: Otoliths, Teleost, Palacogene, Maceration, Bhavnagar, India.

Introduction

The work on Palaeogene fish otoliths from India is
extremely poor and the pioneer studies on the Indian and south
Asiatic realm were started by Sahni and Saxena (1982) from
the middle Eocene of Kutch. Nolf (991) reported otoliths from
the middle to late Eocene Khirtar Formation of Pakistan,
followed by a more substantial work on middle Eocene
otoliths from India and Java (Nolfand Bajpai, 1992). Samant
and Bajpai (2001) tentatively documented six taxa of otoliths
at the familial or sub-ordinal level from the early Eocene of
Cambay Formation, Gujarat. Bajpai and Kapur (2004)
described two species of gobioids otoliths from Cambay
Formation at the Vastan lignite mine. Nolf er al. (2006) carried
out detailed studies on otoliths from the Cambay Formation of
Wastan and described 20 species of otoliths.

The Saurashtra peninsula iz mainly covered by
Deccan Trap basaltic lava flows, which is overlyving
Mesozoic sediments in the north and underlain by the
Tertiary and Quaternary sediments at the coasial fringe. The
southemn part of Saurashtra peninsula is bounded by sea except
north east, where it is flanked by alluvium plain and the
formations are ranging in age from Cretaceous to Recent

coastal deposits (Fig. 1). Deccan Trap formed the basement
for the deposition of Palaeogene and Neogene sedimenis,
which have mainly subsurface exposure. But at some places in
the basin, it is found in thin strips, on the west coast near
Gogha and Khadsaliva and on the east side of gulf at
Vagadkhol/Olpad over the Deccan traps and comprizes the
oldest sediments (Paleocene-lower Eocene). It is overlain by
thick sequence of clays comprising whitish-grey clay and
ereenish-grey shale/clay with lignite seams. The lignite
bearing shale/clay is referred as Khadsaliva clays
(Srivastava, 1963; GHCL, 2008; Thakur et af_, 2010), which is
equivalent to the Cambay Formation of the tvpe area Cambay
Basin.

Palasontological investigation of Khadsaliva clays was
carried out in 2008 and otolith fauna was recovered from the
greenish-grey shale bed of Khadsaliva clays lying above the
top coal seam. Garg e al. (2014) reported dinoflagilate cyst
assemblages like Homoirvb{ivm tenuwispinosum,
Cardosphaeridium  fibrospinosum, C. exilimurum  and
Muratodinium fimbrigtum from the greenish-grey shale lying
above the top coal seam and suggested Thanetian to Yepresian
age for the greenish-grey shale bed, but not vounger than
middle Lutetian.
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Mastication and enamel microstructure in Cambaytherium,
a perissodactyl-like ungulate from the early Eocene of India
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Abstract

The dentition of Canbaytherinm was investigated in terms of dental wear, tooth replacement and enamel microstructure. The
postcanine tooth row shows a significant wear gradient, with flattened premolars and anterior molars at a time when the last
molars are only little worn. This wear gradient, which is more intensive in Cambaytherium thewissi than in Cambayvtherium
gracilis, and the resulting flattened occlusal surfaces, may indicate a preference for a durophagous diet. The tooth replace-
ment (known only in C. thewissi) shows an early eruption of the permanent premolars. They are in function before the third
molars are fully erupted. During the dominant phase I of the chewing cycle the jaw movement is very steep, almost orthal,
with a slight mesiolingual direction and changes into a horizontal movement during phase I1. The enamel microstruciure
shows Hunter-Schreger-bands (HSB) in the inner zone of the enamel. In some teeth the transverse orientation of the HSB 1=

modified into a zig-zag pattern, possibly an additional indicator of a durophagous diet.

Keywords Cambaytherium - India - Eocene - Early perissodactyla - Tooth wear - Tooth replacement - Wear gradient -

Humnter-Schreger bands - Durophagy - Zig-zag enamel

Introduction

Cambaytherium is an early Eocene ungulate from the Cam-
bay Shale Formation of Gujarat, India (Bajpai et al. 2005,
2006; Rose et al. 2006, 2014). It is characterized by a full
placental dental formula (3-1-4-3/3-1-4-3) and bunodont
molars that often have accessory cuspules but little crest
development. The incisors are small and relatively spatulate,
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the canines unreduced, and the premolars relatively simple,
except for p4, which is variably semimolariform. A number
of features, including the distinctive saddle-shaped navicular
facet of the astragalus (Radinsky 1966), indicate affinity with
perissodactyls, but many features are more primitive than in
any known perissodactyl, and phylogenetic analyses place
cambaytheriids as the sister group of Perissodactyla (Rose
et al. 2014).

Because of its pivotal phylogenetic position and its
unexpected occurrence on the drifting Indian subcontinent
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New Raoellidae (Artiodactyla) from the Subathu Group (Middle Eocene),
Rajouri District, Jammu and Kashmir, India and their significance
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Abstract: Two species of racellid artiodactyls Merkatius babbiangalensis sp. nov. and Khkirtharia of. dayi are reported on
the basis of upper and lower molars recovered from the red-maroon-grey shale bed of Subathu Group, Rajoun Distnct of
Jammuo and Kashmir. M. babbiangalensis sp. nov. is characterised by metaconid placed slightly higher than protoconid and
hypoconulid being the smallest cusp mn the talonid basin. The prehvpoenstid (cnstid obliqua) is directed towards
postectoprotocristid at the protoconid base and the anterior cingulum is well developed. The upper molars are squarish,
paraconule feebly developed, endometacristule and postmetacristule faintly developed and endometacristule and
endometacrista form transverse crest but the premetacnistule is absent. Khirtharia of. dayi is charactenised by reduced
hypoconulid lobe inm3; low bulbous bunodont cusps; smooth enamel surface, moderate size, wider trigonid basin, distinct
cristid and cristids outline as squarish as in Khirtharia dayi. The upper molars are famntly developed: reduced metacone in
M3, which 15 even smaller than metaconule; distally open trigon basin lacking lingual cingulum. The presence of a new
species from Subathu throws light on palacobiogeographic implications during the collision of the Indian and Asian plates.

Keywords: Mammalia, Artiodactyla, Reoellidac, middle Eocene: Subathu Growp; Indea.

INTRODUCTION

In the northwestern region of the Indian Subcontinent, the
middle Eocene sequence of Subathu Group of Kalakot area is
well known for one of the richest and most diverse mammalian
fauna. A number of workers have described the mammalian
fauna from the Subathu sequence of Kalakot region such as;
Ranga Rao 1971b, 1972, 1973; Ranga Rao & Misra 1981;
Ranga Rao & Obergfell 1973; Khan 1973; Sahni & Khare
1971, 1973; Kumar 1991, 1992, 2000; Sahm & Srivastava
1976, 1977, 1978; Kumar & Jolly 1 986; Kumar & Sahm 1985;
Kumar er al. 1997a, b, 2002; Snvastava & Kumar 1996,
Thewissen ef al. 2007, 2009; Cooper ef al. 2014. The known
fossiferous localities in Kalakot area are Bali, Jagni,
Sindkhatuti, Khargala, Chenpur, Tattapani, East and West
Babbian Gala, Moghala, and Tnyath of Rajouri District,
Jammu and Kashmir. The mammalian fauna from the Subathu
Group of Kalakot area is represented by Rodentia, Creodonta,
Primates, Artiodactyla, Cetacea, Perissodactyla and
Paenungulata (Proboscidea). and the artiedactyls are the most
common and diverse mammals, followed by rodents and
perissodactyls. Racellidae is represented by the four genera
and five species, viz., Khirtharia inflatus, Metkatius
kashmiriensis, Kunmunella transversa, Kunmunella
kalakorensis and Indofyus indirae. In Pakistan to the west of
the Kalakot localities, Eocene mammalian fauna is also
known from the Kuldana and Chorlakki Formations of Ganda
Khas and Chorlakki areas (Hussain er all 1978; Gingerich ef
al. 1979, Thewissen 1987 and Thewissen er al. 2001).
Similarly, Raoellidae species have also been reported from the
middle Eocene Shanghuang, China (Métais er all 2008) who
first described itas the oldest suoid but later re-identified itas a
racellid which is the first report of racellids from outside the
Indian subcontinent (Orliac & Ducrocg 2002).

In the present paper, we describe two species (one new) of

Racellidae from a new locality (east Aiji-2; 337 29" 48"N: 74°
29" 04"E) which is situated 3 km north east of earlier known
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locality of East Babbian Gala (Fig. 1) and are represented by
Metkatius babbiangalensis sp. nov. and Khivtharta cf. dayi on
the basis of fragmentary dentary and maxilla. K dawi is
known from Kuldana Formation of Pakistan and in India.
Sahmi & Khare 1973 have also described it from Subathu
sequence of Kalakot. However, later Kumar & Sahni 1983
assigned the Indian species to Khirtharia inflatus. K. of. dayiis
morphologically shightly different from K davi so, we
assigned the specimen as K. cf. dayi. The report of new species
from the Subathu sequence provide new palacoblogeographic
and systematic inferprelations.

The geology of Kalakot region in northwest Himalaya has
been illustrated by various workers (Middlermiss 1929: Wadia
1928; Pascoe 1964:; Bhandan & Agarwal 1966; Karunakaran
& Ranga Rao 1979 and Singh 2000). The general geological
sequence of the area is exposed in the form of three inlier
structures viz. Kalakot, Metka and Moghala of which the
Kalakot is the largest. The basement sequence 15 Sirban
Limestone of Precambrian age which is overlain by the
Subathu sequence and consists of carbonaceous shale
intercalated with sub-anthracitic coal seams, olive-green shale
alternating with thick foraminiferal limestone, grey-red
ossiferous siltstone, shelly limestone, and purple to grey
colour fossiliferous shale. The top of Subathu sequence is
green sandstone which 15 overlain by the lower Murree
Formation. In Kalakot inlier, a thick layer of chert —breccia is
present between Sirban Limestone and Subathu sequence
while its absent in Moghala and Metka inliers (Kumar & Sahm
1985). The present locality falls in the Moghala inlier which
consist of variable colour of shales, claystones, and
sandstones of middle Eocene age and are overlain by lower
Murree Formation of late Oligocene-early Miocene age (Fig.
1). The red, maroon to grey colour shale and siltstone of the
Subathu sequence yields most of the vertebrate fossils. The
age of Subathu Group has been assigned to middle Eocene on
the basis of foraminifera by Mathur er al. 1978,
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Abstract: We report a new genus and species of herbivo-
rous mammal, Pahelia mysteriesa, from the early Eocene
Cambay Shale Formation, Tadkeshwar Lignite Mine, Gujarat,
India. The new taxon, approximately the size of a small
phenacodontid (e.g. Ectocion parvus), is represented by three
mandibular fragments, the most complete of which docu-
ments nearly the entire symphysis and mandibular body plus
Py—M;. Pahelia has ncipiently selenolophodont molars with
strong exodaenodonty, absent paraconids, weak but distinct
entolophids, and prominent ectostylids. Molar size increases
distally, but M, does not develop a prominent third lobe.
Premolars are simple, with prominent protoconids and short
talonids but little development of other trigonid cusps. The
mandibular symphysis is strongly fused, and there is an

enlarged alveolus for an anterior tooth. The combination of
features present in the new taxon does not closely match that
of any known mammal, but there are some similarities to a
diversity of ungulates from Africa, Asia, Europe and North
America. Preserved morphology is insufficient to assess the
affinities of the new taxon with confidence, but a link to
Quettacyonidae, also endemic to the Indian subcontinent, is
morphologically and biogeographically plausible. If this sce-
nario is correct, it suggests that P. mysteriosa could be a part
of the endemic mammalian fauna of India prior to its initial
faunal contact with Asia.

Key words: Mammalia, Eutheria, ungulate, Eocene, Cam-
bay Shale Formation, India.

Tue Cambay Shale Formation has produced the richest,
maost diverse terrestrial vertebrate fauna from the early
Eocene of India. Mammals are particularly well docu-
mented and include the earliest representatives of Artio-
dactyla, Perissodactyla, Primates, Rodentia, Lagomorpha,
Chiroptera, Lipotyphla, Hyaenodonta and Tillodontia
known from the Indian subcontimemt (Bajpai et al.
2005a—r, 2006, 2007, 2008, 2009 Rose et al 2006, 2007,
2008, 2009, b, 2013, 2014 Smith et al. 2007, 2015, 2016
Rana et al. 2008, 2015 Kumar et al. 20010; Kapur & Baj-
par 2015 Dunn et al. 2016; Kapur ef ol 2007a, b).
Diespite India’s lengthy isolation from both Africa and
Eurasia, the level of endemism of the Cambay Shale
fauna, to date, has been relatively modest. While some
groups are distinctive at the family level, particularly cam-
baytheriids, which are endemic to the Indian subconti-
nent (Ginsburg et al. 199% Bajpai et al. 2005z, 2006
Rose et al. 2006, 2014), most groups show evidence for a
relatively close relationship to taxa from North America,

£ The Palaeontological Association

Europe, or mainland Asia, particularly the first two land-
masses (Smith et al. 2007; Rana er al. 2008; Kumar er al.
2010; Rose et al. 2013). Even cambaytheres, although dis-
tinct and endemic, show dear affinities to early Holarctic
perissodactyls (Rose ef al. 2014).

Until recently, Cambay Shale vertebrates were primarily
known from the Vastan Lignite Mine, Surat District,
Gujarat State, India. Smith et al. (2016) recently described
material from two horzons at a second locality, the Tad-
keshwar Lignite Mine. The Tadkeshwar mammal assem-
blage 15 broadly similar to the Vastan fauna, sharing
several species in common; differences include the pres-
ence of at least one pantodont and a small species of the
cambaythere Cambaytherium (Smith et al. 2016).

The present contribution reports a new genus and spe-
cies of a mammal from both horizons at Tadkeshwar
{lower TAD-1, upper TAD-Z). It is represented by three
tooth-bearing lower jaw fragments, the morphology of
which is strongly distinct from that of any previously

dol: 10.1002spp2. 1288 1
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The Ypresian Cambay Shale Formation at Vastan, Mangrol, and Tadkeshwar lignite mines in Gujarat,
western India, has yielded a rich vertebrate fauna including madtsoiid, palaeophiid, booid, and
colubroidean-like snakes. The latter are larly abundant, but their d afﬁn'nies are difficult
to resolve. Here we describe new specimens of the like snake i

mcluduu anterior, lmddle‘ and pmenor trunk venebrae. as well as caudal vertebrae. The combination
of derivi and characters confirms Thaumastophis as

the earliest known stem- snake while P B fmm the same beds, is more derived and

Keywards: i to a crown-C i shares with Renenutet

2’::” 2 enmerwer from the late Eocene of Egypt a unique ination of ch that suggests an

Cambay Shale Formation exchange with Noml Afnca was possible along the southern margin of the Neotethys. We erect the new

Ypresian family Th for and on the basis of their shared derived vertebral
morphology.

© 2020 Elsevier Masson SAS. All rights reserved.

1. Introduction (Bajpai et al., 2005b; Rose et al., 2007, 2009a; Dunn et al, 2016;

The Cambay Shale Formation, exposed at the Vastan, Mangrol,
and Tadkeshwar open cast lignite mines ca. 40 km northeast of
Surat, Gujarat, western India (Fig. 1), is known since 2004 for its
well-preserved diverse fauna of early Eocene terrestrial mammals
as well as other vertebrates (e.g., Rana et al., 2004, 2005; Bajpai
et al,, 2005a; Rose et al., 2006; Sahni et al.,, 2006; Smith et al., 2016).
The mammalian fauna of the Cambay Shale Formation includes the
earliest modern mammals from the Indian subcontinent - with the
highest diversity of early bats (Smith et al, 2007), the oldest

Rose et al., 2018), primitive artiodactyls (Kumar et al., 2010), the
earliest Indian tapiroid (Smith et al.. 2015), endemic perissodactyl-
like cambaytheriid mammals (Bajpai et al., 2005a; Rose et al,
2014) - as well as more archaic groups such as the first Indian
tillodonts (Rose et al., 2009b, 2013) and basal hyaenodontan
carnivorous mammals (Bajpai et al., 2009; Rana et al., 2015). Other
vertebrates include marine and non-marine fish (Rana et al., 2004;
Nolf et al., 2006), the earliest ranid and bombinatorid frogs (Bajpai
and Kapur, 2008; Folie et al., 2013), acrodontan lizards (Prasad and
Ba;pa: 2008; Rana et al., 2013), the oldest birds of the Indian

lagomorph (Rose et al, 2008), the first Asian ail rodent
(Rana et al., 2008), primitive adapoid and id pri

(Mayr et al, 2007, 2010), and a high diversity of

* Corresponding author.
E-mail oddress: bussam zaher@gmail.com (H. Zaher).

https: jdoi.org/10.1016/j geobias.2020.06.009
0016-6995/% 2020 Elsevier Masson SAS. Al rights reserved.

ial and aquatic snakes (Bajpai and Head, 2007: Rage et al,
2008). The latter are particularly abundant and include madtsoiid,

hiid, booid, and colubroid like snakes (Smith et al.,
2016).
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\We present trace-element compositions and rare-earth elements (REEs) analyses of the Cambrian Series
9-Wuliuan (Miaolingian), Kunzam La Formation from the Sumna Valley, Spiti, Tethyan Himalaya, In
order to identify the provenance, tectonic settings and depositional environment in the region. The trace
clemental ratios (Th/Co, Th/Sc, La/Sc, Cr /Th) and REE patterns show compositions similar to the felsic
composition, which are comparable with the upper continental crust, suggesting that the sediments in the
Sumna Valley were derived from a felsic source that possibly lie in the felsic igneous province of the old
Precambrian Indian craton. The elemental discrimination diagrams show deposition of the Sumna Valley
rocks in a passive continental margin tectonic setting. The selected trace-element ratios such as V/Cr.
Ni/Co. Th/U and V/V+Ni as well as positive Ce and negative Eu anomalies indicate oxidising conditions
prevailed during the deposition of the Cambrian Series 2-Wuliuan (Miaolingian) rocks. The concentration
of Y and Rb trace elements indicates continental sediments depositional site was proximal and close 10
Lear-shore environment. Finally, the low REE+Y and selected trace elements (La. Th, Sc. Ni, Cr, V, U,
Rb. Zn. Y) concentration indicate a major transgressive event at the boundary of the Cambrian Series
9-Wulinan (Miaolingian) associated with the Oryctocephalus indicus biozone.

Keywords. Trace and REE elements; Kunzam La Formation; Cambrian Series 2-Wulinan (.\Iiaoliugian):

Sumna Valley; Tethyan Himalaya.
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Abstract
Extraction of water reserve is at risk, especially at several _lpcgpioqsﬁqf north-western India due to tremendous growth in

“poputations and excessive use of E@;hpygr, the decade. It has been evident through this study that several regions im punjab
“uch as Dera Bassi, Landran, Singhpura, and Ambala in Haryana are facing constant depletion of groundwater at the rate
of 46.26 cm/year, 49.16 cm/year, 120.77 cm/year and 237.69 cm/year, respectively, during 2005-2018. Whereas, depleting
trends have also been analysed with derived GRACE gravity anomaly of 12.65 cm/year at respective locations. Although
these areas lie in arid to semiarid zone, with moderate precipitation in the monsoon month of June—August, it does not meet
the requirement of recharging the aquifer to the previous level, hence causing land deformation, which is mostly witness-
ing tensional, compressional and shear cracks with vertical, horizontal and diagonal orientation in nature, which further
deliberated using conventional DInSAR. W@ﬂmted areas, DInSAR was performed
using remotely sensed Sentinal-1 SAR sensor. Additionally, to interpret the seismic consequences around the study area.
~pré-seismic data were examined and categorised medium intensity (in"between 4.5-and 4.9-mb) earthquake, which did not
affect the structures. Therefore, from the study, it was agreeable to manifest that the deformation which took place in the
~—area is due fo massive long-term extraction of groundwater. 1 '

Keywords Groundwater depletion - Land subsidence - GRACE - DInSAR - Building cracks

and subsurface both) due to unsustainable usage and anthro-
pogenic practices leading to depletion, with the rapid and

Introduction

Groundwater is the prime source of freshwater across the
globe, existing beneath the subsurface. The present situation
indicates the diminishing of freshwater resources (surface
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continuous growth of the population and demand globally.

The groundwater level extraction varies globally due t
unsustainable consumption for irrigation. industmialisanon
and other domestic uses. The assessment of the groundwater
availability and consumptions in India is monitored by the
Central Ground Water Board (CGWB) and the State Gov-
ernment agencies (CGWB 2014). Reports suggest that 71%
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Abundant, though moderately well-preserved, specimens of Pageria sp. are recorded along with the pry-
chopariid Xingrenaspis dardapurensis from a new stratigraphic level which lies above the Orycrocephalus
salteri biozone in the Spiti region (Himalaya). This occurrence of Pagetia in a higher stratigraphic level
(higher than the Oryctocephalus salteri biozone) from the Spiti region helps in understanding the distribu-
tion of this taxon in the Cambrian of the Kashmir and Spiti regions of the Himalaya. A Pageria-Xingrenaspis
association from the Kashmir region is already known, the present discovery of a similar associanion in
the Spiti region enables the Wuliuan (Miaolingian) biostratigraphic correlation between the Kashmir
and the Spiti regions. The record of the taxon Pagetia from a higher stratgraphic level in the Spiti region
contradicts the previous assumption that the Pagetia bearing level in Kashmir is equivalent o the Pagena-
Oryctocephalus indicus (0. indicus biozone, Hayden horizon 2) in the lowest part of the Wulivan in the

Spiti region.
© 2021 Elsevier Masson SAS. All nghts reserved.

RESUME

Des spécimens abondants, bien que modérément bien conservés, de Pagetia sp. sont signalés avec le

ptychopariide Xingrenaspis dardapurensis dans un nouveau niveau stratigraphique situé au-dessus de

la biozone Oryctocephalus salteri dans la région de Spiti (Himalaya). Cette occurrence de Pagetia a un
aide a comprendre la distribution de ce taxon

niveau stratigraphique supérieur de la région de Spiti
dans les régions du Cambrien du Cachemire et du Spiti de I'Himalaya. L'association Pagetia-Xingrenaspis
de la région du Cachemire est d€ja connue, la découverte actuelle d'association similaire dans le Spiti

E-mail address: bpsinghpu@gmail.com (B.P. Singh).
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Abstract
The present study identified groundwater depletion—induced land subsidence by spacebome differential interferometric SAR

(DInSAR) technique and assessed the damaging impacts of land subsidence by characterising the cracks on houses in Mohali-
Chandigarh area of India. First, we identified groundwater depletion hot spots using pre-monsoon and post-monsoon ground-

water-level (GWL) data of Central Ground Water Board (CGWB), India, for the period of 2005-2018. Both conventional and
advanced DInSAR techniques were used to identify temporally consistent subsiding areas and measure precise rates of subsi-
dence in and around groundwater depletion hot spots. We studied the damaging impacts of land surface deformation by
characterising the damaging cracks on houses in affected areas. Groundwater depletion and resulting aquifer-system compaction
increase effective stress on confining clay layer which leads to stress build-up at the soil-structure interface and causes damaging
cracks on houses. A variety of damaging cracks on houses were observed at the affected areas such as Sohana, Landran, Kharar
and Kurali localities. We attempted to characterise the damaging cracks on the basis of shape, size, orientation, surface mor-
phology and texture of the cracks; sense of ground movement; and nature of stress build-up at the interface. We identified
tensional cracks, compressional cracks and shear cracks with diverse orientations and separation widths. Finally, a comparative
assessment of groundwater depletion, land subsidence and damaging impacts on houses has been made. Using DInSAR tech-
_nique, we identified land subsidence in and around the groundwater depletion areas in Sohana and Landran m&l City
“area), Kharar and Kurali (in Mohali district outside Mohali City area) and Sectors 27—28 in Chandnoa:h with radar line-of-sight
subsidence rates of ~6—7.5 cm/year, ~5.5-6.5 cm/year, and ~ 4 cm/year respectively. We observed that the houses in and around
LCandran : appears to be worst affected followed by Kharar, Sohana and Kurali. From this study, it appears that the type of

con_s_tiu’ctwﬁhehouses,c g.-prevalence of masonry and reinforced masonry structures is pnmanly respomﬂ)le tor the worst
damagmg impacts of the houses in Landran and Kurali areas besides the magmtude of Iand subsxdence """

Keywords Groundwater depletion - Land subsidence - DInSAR - PSInSAR - Damaging cracks on houses

Introduction
R. S. Chatterjee Different parts of the world such as South and Central Asia,
rsciirs@gmail.com Australia, North America, North Africa, North China, Middle

East and other localised areas are affected by extensive
groundwater depletion (Konikow and Kendy 2005). The main
reason for groundwater depletion is over-extraction of
groundwater for irrigation. Climate change in terms of irreg-

' Indian Institute of Remote Sensing, ISRO, Dehradun, India
2 DBS. (P.G.) College, H.N.B. Garhwal University, Dehradun, India

3 ; s ;
Indian Institite of Technology, Rootkee, India ular rainfall pattern and significant reduction in the number of

¥ Central Ground Water Board, Faridabad, India rainy days during monsoon potentially exacerbate groundwa-
> H.N.B. Garhwal University, Srinagar, Garhwal, India ter depletion in some regions. The impacts on groundwater
6 Indian Institute of Technology (Indian School of Mines), resources are more evident in agriculture-dominated regions
Dhanbad, India of India, China and the USA (Aeschbach-Hertig and Gleeson
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Bazorw2l Background

-

~-= Look East policy of India is not just a contemporary effort but an attempt to resur

=== __-_-: znd trade interactions with South East Asian countries. Angkor Vat in Cambo

3-~c_-_- - Indonesia, Wat Fu in Laos and Hindu temples in Myson valley in Vietnam are pr
= o7 culwral and civilization interactions between India and these countries, not just at
7 =ulers but more significantly at the level of people and sc?cieties. When Cholas took
— 2~ =z 2\peditions to South East Asia through Malaccan straits, they carried with them not «

- ... z-Z neople but also creative ideas in arts and architecture. In that sense. India.was

- == - —zxr:ime silk route which China is now proposing.

~-z \z.ngas had sought trade with the East about 2000 years ago. Rajendra Chola's ef .

- :-._mented to forge cultural links with these countries'. The Chola Empire had sp

- many countries in Southeast Asia. The effects of their cultural and architec

=== =: 1 1hese countries are visible to this day. The Chola Empire may perhaps be set

-z “== —ovement in favor of the evolution of the India’s Look East-Act East policy. Itis T
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INDIA'S SECURITY CHALLENGES IN THE 21 CENTURY

Roshani Research Scholar, Department of Defence Strategic and Geopolitical Studics

HNB Garhwal University Srinagar (U.K) India
Dr. Bharti Chauhan Professor, Department of Defence Strategic and
HNB Garhwal University Srinagar (U.K) India

Geopolitical Studics

Abstract "
National security is of paramount importance to any nation. It deals with the cnpab?lity of a nation l'o
secure against any threats that may arise given the conlemporary geopolitical situation. Given India’s
gradual growth and popularity in Indo-Pacific, it faces certain internal and external challenges. These
security challenges require robust consideration. India has two nuclear-powered neighbors, who are
rapidly developing their military capabilities, thus, it generates 4 security dilemma. In view of the
above fact, it is imperative to balance the challenging strategic environment. With the udvcm of
traditional and non-traditional security threats, the security dimensionsare spontancously widening.
paving the way to the emergence of contemporary hybrid threats. This paper intends t0 highilgh‘ the
contemporary Security Challenges that India faces, their futuristic implications, and suggestions 10

provide a holistic elucidation of the problem of India’s security.
Keywords-Artificial intelligence, Health Security, Hybrid warfare, the N
Citizens, National Security, Student Islamic Movement of India.

ational Register of

Introduction - ,
India is one of the largest democracies of the world, and an emerging power in South Asia.However,
due 10 its geopolitical location it has certain threats that consistently challenge India's National
Security and integrity. By the end of the cold war, a new order emerged altering the existing one in
confarmity with the contemporary international geopolitics.The bipolar world followeda multipolar
world. with the emergence of the US, Russia, China, Japan competing for power in international
power politics.Due to the above reason the supreme elementfor aitaining security became supremacy
in power. It specifically entails, technological, social, economic, infrastructural and, political
IWith the advancement of technology,security challenges are exponentially changing, with the
inclusion of Hybrid warfare andHybrid threats.2A serious challenge for India is to confront its
immediate hostilenuclear-powered neighbors, who possess military might and are progressively
building their capabilities.”
After the sudden outbreak of Covid-19 pandemic, a serious concem for health securityhas also
emerged worldwide, itwas overlooked long before.?
The emergence of the Taliban regime in Afghanistan, also posesa serious concernfor India’s
security. In view of the above reasons, il is imperative tore-evaluate and redesign India’s national

security strategy in order to counter the prevailing or future challenges.®

India’s Security Challenges: overview

Security for a nation is the ability to secure its interests from potential threats. It remains a challenge
for India, owing 1o the complexity of perpetual traditional and non-traditional threatsthat try to
destabilize India's sccurity.®A security challenge arises from some intemal and external elementsthat
intend to destabilize a country’s security. India has repeatedly faced internal and extemal challenges
due 1o its vast territory and population, Some of the intemal security challenges associated with India
are Insurgency in the northeast, Naxalism, ethnic and communal violence, etc. Due to India’s porous
border w'nh Pakistan, China, Nepal, Myanmar, and Bangladesh, it highly vulnerable to intrusion.
These wide range of security threats need a pragmatic approach to counter various securil
challenges.? %
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CHINESE HYBRID WARFARE STRATEGY: A THREAT TO INDIA'S NATIONAL

SECURITY

Devaki Nandan Research Scholar, Department of Defence Strategic and Geopolitical Studies,
Hemvati Nandan Bahuguna Garhwal Central University, Srinagar, Uttrakhand
Dr Bharti Chauhan Professor, Department of Defence Strategic and Geopolitical Studies, Hemvati
Nandan Bahuguna Garhwal Central University, Srinagar, Uttrakhand

Abstract

This review study explores China’s hybrid warfare strategy of subduing the enemy without fighting
a direct war, by psychological, media and law warfare. China has been trying to jeopardize India’s
national security to counter the USA and India’s strategic partnership to emerge as a sole superpower
in the Asian continent and beyond. China has been scen using various ways to make India’s national
secunity vulnerable like extracting sensitive and valuable information, encroachment at borders,
frequent skirmish under the threshold of conventional war and many more discussed below in detail.
This Study will also try 1o suggest how 10 mitigate the Chinese hybrid strategy to maintain India’s

Keywords: Hybrid warfare, Nuclear weapons, National Security, Strategy, War and Peace

Introduction

The Concept of hybrid warfare has taken place as a traditional or non-traditional means employs to
support military force by irregular and cyber warfare tactics. Thercfore, in hybrid warfare, any state
could be in the grip of attack, but it will be oblivious that who is attacking and which tools he is
utilizing to the onslaught. In this nuclear age due to the availability of lethal nuclear weapons with
the high-speed transportation system in the form of ICBM and supersonic missiles, it is an uphill task
for a nation to gambit war as a means to fulfil its ends because a total war will be a nuclear war,
further, it could annihilate the entire human civilization. Owning to this condition and dusky
complexion of full-scale war China upholds stratagem and hybrid warfare against India without
fighting a direct war under the threshold of overt conflict. There exists no universal definition of
hybrid warfare, but it can be speculated by its nature and means of deployments that it is a
decentralized method of warfare not only during wartime but also in peacetime by blurring a line
between war and peace. According 1o great Chinese thinker Sun-Tzu (Tzu, 2012), **The supreme art
of war is 1o subdue the enemy without fighting”’, Chinese ambitions 10 become the sole superpower
in the Asian continent could jeopardize India’s national sccurity. Rising China is a tangible threat to
India’s national security as we have seen from a long span with its capacity (Economic, mulitary,
resources), intention (stralegic or objective); image (perception about the targeted nation) (Gopal
Singh, 2005). It could exacerbate India’s national security; India needs to prepare counter hybrid
warfare to curb and crackdown Chinese hybrid warfare,

Background of The Study:
Concept of Hybrid Warfare (War beyond rules):
We arc living in a global world. Due to globalization and technological advancement humanity has
been experiencing a remendous change in every ordinary business of life, Security studies aren't its
exception. Further owning 1o this condition there is a manifestation of interconnectedness among
states as we have seen in the cobweb model and billiard ball model (Heywood, 2011). In the
contemporary world, intemational borders are so porous, by dint of it, there is a free flow of
information, technology, men, money, and materials across the borders (Gandhi, 2010). Beyond it,
~ our life is increasingly shaped by events that 100k place at a great distance from us. Realist thinkers
argued that states are basic actors in international relations and it is anarchical (Pant, 2011). In this
anarchical world, states resor to self-help to survive. States rely upon to deploy military capabilities
to resolve disputes and antagonisms that were conventional. The immense destructive power of
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(¥ Scanned with OKEN Scanner



UGC CARE Group I Journal [SSN : 0975-7945

KALA

The Journal of Indian Art History Congress

ertificate of Jublication

Certificate of publication for the article titled:

CHINESE HYBRID WARFARE STRATEGY: A THREAT TO INDIA’S
NATIONAL SECURITY

Authored by

Dr Bharti Chauhan
Professor, Department of Defence Strategic and Geopolitical Studies, Hemvati
Nandan Bahuguna Garhwal Central University, Srinagar, Uttrakhand

Volume No. 27 No.1I(XII) : 2021 ;
in |

KALA : Journal of Indian Art History Congress

Impact Factor = 6.125

A
&
~—

wA-Ryr Ryar

NS UGC
Edl[Ol’ : University Grants Commission
Approved Journal

Kala Journal

SRR A Tl e

(¥ Scanned with OKEN Scanner



B T EE— Wi 00 o

11:36AM VGC (oo IMG-20230708-WA0015 jpg 25 22—
—_— b —/‘
/ 105 JOURNAL OF THE ASIATIC SOCIETY OF MUMBAL, ISSN: 0972-0766, Vol. XCV, No:28, 2022

THE GEOPOLITICAL IMPORTANCE OF AFGHANISTAN FOR INDIA IN THE 21*
CENTURY

Devaki Nandan Research Scholar, Department of Defence Strategic and Geopolitical Studics,
Hemvati Nandan Bahuguna Garhwal Central University, Srinagar, Ultarakhm:ld )
Dr Bhart] Chauhan Professor, Department of Defence Strategic and Geopolitical Studies, Hemvati
Nandan Bahuguna Garhwal Central Universit y, Srinagar, Uttarakhand o
Rahul Kumar Assistant Professor, Department of Defence and Strategic Studies P.R.S. University
Naini, Prayagraj, Uttar Pradesh

Abstract: This review paper explores and overview of the geopolitical importance of_AIghnmstan for
India in the 21* century’s eostrategic and geo-economics environment. After the withdrawal of the
USA from Afghanistan and recapture of city Kabul by Taliban has deteriorated the strategic and
security calculus of south Asia. India is the Neighbouring country of Afghanistan and a true supporter
of Afghan-led and Afghan-owned government. This study will also try to suggest the regional and
global significance of Afghanistan for peace, security and development.

Keywords: Afghanistan, India, Taliban, Geopolitics, Strategy, Security, Peace

Introduction: Geopolitics is a trinity of the relationship among history, geography and strategy (Sloan,
2017). Geopolitics seeks to analyse the interaction between the spatial setting and political process,
Le.. in broader perspective politics, especially international relations as influenced by geographical
factors. Therefore, geopolitical studies emphasise how geographical configuration such as location,
climate, natural resources, population and physical terrain determines states foreign policy (Grygiel,
2006). From its inception, as a gateway to India, Afghanistan has had great strategic importance, The
control of Afghanistan means having strategic control on their trade routes. Conceptually, Afghanistan
is a focal point of strategic interest and crossroad for the geopolitical and geoeconomics struggle for
power and dominance in the region. Further, it is surrounded by powerful neighbours. It plays a vital

role in efficiently connecting the regions and for this reason, remain a geapolitical necessity for any

great power (Adamec, 2003). Notably, Afghanistan is the crossroad of routes in Asia. Historically

Afghanistan has always been the epicentre of the great game (Bird & Marshall, 2011), Further, its
geopolitical location had attracted the regional and international actors to manifest rivalry in this
theatre. Earlier British India, later USSR and USA were the part of a great game. These all
superpowers had succumbed in a very deteriorated way in front of brave Afghans. It has the fearless
and tireless resistance of its brave people. Now is quite interesting to see what will happen because
now China is interested in becoming a new player in a never-ending great game in Afghanistan. It is
quite interesting that these Afghans have never liked to be conquered. “When everyone is dead the
Great Game is finished. Not before.” Rudyard Kipling (Edwards, 2003). After fighting the longest-
running war in Afghanistan the USA has decided that it will withdraw all remaining troops by the
twenticth anniversary of 9/11. The USA withdrawal would be embroiled the regional geopolitical
antagonism in Afghanistan (Remarks by President Biden on the Way Forward in Afghanistan, 2021).
The exit of the USA and entering China into Afghanistan will be beneficial to Pakistan, In this context,
it will be a herculean task for Indian policymakers to purs

- herc uc a strategic interest in Afghanistan
including maintaining connectivity up to the Central Asian Republic.

The Geopolitics of Afghanistan: Its regional and global significances

Afghanistan a mountainous landlocked country is, historically, geogruphically, politically
culturally and strategically a part of central Asia. Owning to relgious, Political, geogruphica] fenss”
is also a pant of South Asia and West Asia (I. Khan, 1998). Its borders are connected with China
Pukistan, Iran, Turkmenistan, Uzbekistan and Tajikistan, Afghanistan has a small stretch of bord '
with India but due to illegal occupation of POK, it's disputed. Geography and history have rl:t{
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GEOGRAPHICAL STUDY OF MIGRATION IN TEHRI GARHWAL
DISTRICT, UTTARAKHAND

Chet Ram. Devendra Kumar and B.P. Naithani

Abstract

Migration refers to the movement of people from one place to another, often
across national or regional borders. This movement can be voluntary or involuntary,
and can be driven by a variety of factors, including economic, social, political,
and environmental reasons. Migration can take many forms, including temporary
or permanent migration, internal or international migration, forced or voluntary
migration, and economic or refugee migration. In 2020, there were a total of 281
million international migrants globally, which was 3.6% of the world population.
India had 17.5 million international migrants and it received 78.61 billion USD
remittances in 2019. Globally, out of a total of 281 million migrants in 2020.
146 million are men, 135 million are women, 169 million are migrant workers,
in addition there are 3900 missing migrants. This research paper is based on the
causes and consequences of migration in Tehri Garhwal district of Uttarakhand
state. The main objectives of this research paper are to study the present status
of migration, causes and consequences of migration and to suggest measures to
reduce migration in the Tehri district. This research paper is completely based on
secondary data. Secondary data has been obtained from Uttarakhand Government's
Rural Development and Migration Commission report 2019-2020 and District
Census Handbook 2011. After collection of data, the data has been analyzed through
maps and diagrams. Data analysis has been done by Microsoft excel software and
mapping by Arc GIS and Q-GIS software. The study may have identified various
factors that push people to migrate from Tehri Garhwal district.

Introduction

Migration refers to the movement of people from one place to another, often
across national or regional borders. This movement can be voluntary or involuntary,
and can be driven by a variety of factors, including economic, social, political,
and environmental reasons. Migration can take many torms, including temporary
or permanent migration, internal or international migration, forced or voluntary
migration, and economic or refugee migration. People may migrate individually
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ABSTRACT

A micro.watershed b the ymallest hydrological unit with a
unique type of commos-pool resource, deflned by hydrolegical
Tinkages und requicing coordinated use of nutural resoarces by afl
wsers for optimal masnagement, However. the watersheds in the
central Himalayan reglon are particalarfy vulnerable to kand
degradation since they are subject to various lluvial and denudation
processes, As i resle, the presest stady locused on (he Bacchunshiy
Gad watershed in the salitropical zane, where sail erosion is mere
prevalent due i varioas bydro-geomorphological causes, The
amalysts comsddered fourteen different arenl limear. shape, and
landscape marphanwtric parameters by integrating spatial and
comproimise statistical programming techaigques 1o prioritize ¥
micro-watersheds. Moreover, the study gives comprehensive lesight
about the currend land use land cover spatial distribatian,
Tithological amd pedan characteristics of the witershind that play »
significant role in taking uppropeiute land and water conservition
measures to prevent further soll degradation,

INTRODUCTION

Tn consaderntion of the baotic und sbriotic resourves-rolmed Issues,
mécrn-watershen| planning Is the utmost appropriate practice o be
focused upon In the contemporary world and an inevitable for
consenving ecologhoul resources (R & Panl. 2001; Wikeol of ol
2005; Chauhan et al . 2018). Micro-watershed planming tivolves
harmeanizing the use of natural resoerces and matmtaining 3 halasce
between the resource developments 1o protect the resources fur future
Mz on and. comsaquently. (ncrvese the welfaee of the geople (Sarkar
etal., 2006, Gerd etal, 20000 A methodologcal spproach of allocatng
the ramis (o the walersheds 1o thelr vulnerability aad potentlality has
beens found effecitve foc thetr successful manageenest measures baved
oft vorous geological parsmeters, § e, monphometnic amnbutes,

Wrtershed ranking bas been provisd as & decisive principle e
priveittzes the sh.walersheds keeping tn view thelr need for efective
and productive walershed protectioe. Providentially, numeroms oovel
wirks pertiins 1o this tssee of prioization of widensbeds hus been

0016 THZZ/AMIZY-99.-5-000V8 1.00 © CEQL. SOC. INDIA

ntemgited using varsous well-keown techalgoes, Molif-critetin
dectsion analysis (MCDA) In comjunction with different welght
dertving methods af sub- watersheds tn mulisple scales (Nsthestmtrmal
vt al. 2019 Nunchhunl ef af, 20200 princlpal componee analysis.
{Singh and Singh, 2018; Malik ¢ al.. 2010; Kumar ¢ al. 2021)
welghted sum analysts (WSA); (Kadam et al . 2019; Suidiqul et 3l
2020); sub-watershed priority sool (SWPT) integrated with WSA
towthod (Radunatt vl ul, 2019)

Tn addirion s the ocementioned approaches, the entropy mechod
I comjunction with compromese programming {C#) 1s also the most
elfective approach for sub. hed pricettization (Arabamert et al,
2018). Raju et al (2017) tmplemented the CF technlque to rask the
whotal climue models, which evalustes citmatic variable simulatsan,
Dtaz-Baltetro et al.. (201)) aggregated vartous soclo-econnmic
trdicaioes inlo a compostie iedex using CP o provide welghtage w
the sustitnability of Eucopean papes ihstries. Ll ecnl,, (20223 carried
out the CF mwthod so expound the methodology foe alloculing water
and lamd resoarces sustulntng ecological balance, Faltabs amd Payyaz
(20109 assempted the CP apprasch to reflee urhan water managemest
by eluckdating the effective solulion 1o eondicsts the problems of
leakage of water. level of social sstisfaction, und cost of water
distributsan. The geospatial kechnigues nclade the 10ols contributing
to the gecgraphlc mapping are garsmount imporiance s asessing
morphotieanc paratisers (Clandatlia and Kunsal, 2017)

Accordeng o Botar et al. (2017), topo-hydrologlc and geo-
mosphametsic parameters directly affect selecting sites and
tmplementiog lind and water mamagement palictes in sub- watersheds
ot the inscro-level. These facturs provide insaght into the evobation of
carchments sl ihetr function n deatnage morphotsetry (Rahmats of
al, 2014; Sharma and Mahajan. 2020). Howeves, wpo hiydrologtcal
paramseters ke the stream frequency (Fs). compactoess comstant (Ce),
constant of channel matntenance (), Wifurcation rato (Rb), drabspe
density (D), edangation salo (Re), eculanty satio (Re), foem lactor
(Rf), dratmage texture ratio (RY), stresen transpont tndex (ST1), stream
power index [SPI), wpographic weiness index (TWI), bypsomeliric
teseggral (HT) and dissection indes (D) have been considesed for (he
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An Integrated Study of Natural Springs to sustain water security:
Case Study of three villages from a Himalayan State of India

Un estudio integrado de manantiales naturales para mantener la
seguridad hidrica: estudio de caso de tres pueblos de un estado
del Himalaya de la India
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ABSTRACT

Equitable access to water, whether it is quantity or quality, is one of the fundamental
rights, It facllitates economic development, gender equality and good human health, Sut In
the last few decades, lack of potable water has causad lliness and resulting millions of
deaths. In Himalayan Reglon, springs are the baslc water source which fulfills the needs of
rural population. The point at which the groundwater emerges over the earth surface and
flows naturally is called spring. Drying up of these springs, due to cdimate change and
biophysical landscape change, is not only causing problem to human health, impeding
gender equality but also causing nearby bio diversity to lose resilience, Therefore, a basic
understanding of springs Is required for its further studies and to maintain water security.
This present work is focused on the initial steps of Spring Sanctuary development., The
present outfine emphasized on the spring mapping and has prepared 2 social database of
springs of three villages of Saurakhaal nyay panchayat of jakholi block, Rudraprayag,
Uttarakhand. The status of the springs has been assessed by monitoring their discharge
data for eight months (Nav, 2020-June, 2021). Also, the endangered and vulnerable springs
of the study area has been identified by scoring them on the basls of critical Issues.

Key Words: Springs, Climate Change, Bio-Physical landscape, Spnng Sanctuary,
endangered and vulnerable springs.
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Abstract: The communities of the Himalayvas have an absolute cultural relationship with springs. This study s focused
an the contritution of women in the conservation af the socred speings and on undevsianding the culfural dimenzsions of
the relaiion between springs and communities of the Navi village of Rudrapravag disivici. The primary data is collected
with an interview of 70 people with a pretested mix-ended guestionnaive. The secondary data is collected from local
represeriatives, I s fownd thal the waler of sacred springs is wsed for traditional praciices sich as Dhara Pogjan, Dev
Peaion, Marviages, efe. The women of the village are working fo conserve spreings throegh Makilo Mangal Dal, Swachi

Blvaras Mission & MGNREGA.

Key Wards: Sacred Springs, Culnwre, Indion Simalaean Reglow, Uttarakland, Womer,

L. INTRODUCTLON

Himalaya is acknowledged as a ervogenic water pole of
Asia as it is a home w many freshwater sources such as
glaciers, glacial-fed and spring=fed rivers, lakes, springs,
ete. (Gergan 2002} It beholds the cultural fragrance of
various communifies, societies, religions, etc. (Prasad and
Sharma 201%).

Unarakhand is acknowledged as the “land of Gods
(Devbhoomip, Tt is also known as a cradle of natural
resources and spirineality which amracts lots of tourisis
and sains a5 well, A slight variation in the dialects of the
communities can be observed every few kilometers which
shows the richness and diversity in culture. {Acharya 2011)

As per scientific inlerpretation, a spring is a place on the
surface ofthe earth From where groundwater gets discharged
and becomes surface waler, Sacred springs play a vital
role in the cultural practices and customs of commumnities,
Communities and springs have an absolute imerdependency
on each other. Communities of Rudraprayag  distrien
practice varous rileals such as Dev Poojan, Dhara Poojan,
ele. As per UNDP's estimation, there are 2.6 lakh sprimgs
found m Uttarakhamd only which provide donking water

o more than 90%;,. These springs are the primary source of
drinking water in many villages. (Goswami 2018) People
have been fetching drinking water from natural springs in
mountainous regions for thousands of years ago.

The mujor environmental challenge in the present era is
wiler scarcity, many villages of Unarakhand have been
facing the drying up of natural springs. These springs are
drying up dug to climate change, degradation of forests,
erratic  rainfall panerns, land-use change, unscientific
constructions, cte, (Cupta etal, 2008), In the rural areas of the
Indian Himalayan Region (IHR), women have been making
a remarkable contnbution by taking steps for conservation
of natural resources. Women have 1o deal with most of the
wiiter=related issues as they are the fiest ones 10 be in conlact
with water because they wse water for dinking, washing
dishes—cloths, irmgation, amd other household works, eic,
Theretore, the role of women in the conservation of sacred
springs becomes more significant. (WML 2004)

1. S5TUDY AREA

The Man Village 1z located i the Rudraprayvag District
of Uttarakhand state. (Figure. 1) This village is selected
e understand the cultural relationship between sacred
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BIOMEDICAL WASTE MANAGEMENT IN PUBLIC AND PRIVATE HOSPITALS
OFDELHI- ACOMPARATIVE ANALYSIS*
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ABSTRACT
The management of biomedical waste is a big challenge due to its hazardous nature. With the

betterment of the health facilities and improved technologies, the generation of medical waste has
also increased posing serious health problems to the exposed population if not managed
efficaciously. Thestudy determined the medical waste management practices adopted by selected
5 major publicand 5 private hospitals of Delhi. From different hospitals datawere collected through
guestionnaires, crucialsite observation, field visits, and interactive interview sessions with the
person in charge. Thecollection of data leads to comparison among different parameters like waste
generation, segregation,methods of disposal, etc. were done between public and private hospitals
by using Microsoft excel. The computed percentage of general and other hazardous waste such as
infectious, chemical, and human anatomical wastes, etc. generated by the private hospital is
55.89% and 44.11% respectively. Apart from that public hospitals generate 56.33% general waste
and 43.67% other hazardous waste. The segregation process of medical waste in private hospitals
is far better than in public hospitals. Still, we found that private hospitals are lacking in facilities
for waste treatment and disposal. It is conluded that either its private hospital or public hospital,
both require improvement in some way orthe other in biomedical waste management. There is a
need for capacity building at all levels, as wellas the formulation of policies, to strengthen uniform
and effective waste management practices.

Keywords: Biomedical waste, Hazardous, Public hospital, Private hospital, Disposal.

Received 14Apr 2021, Accepted 20Apr 2021, Published 23Apr 2021
* Correspondence Author: Shilpi Yadav

INTRODUCTION

“Biomedical waste” is the type of waste, which is generated from the hospitals and research
institutionsduring the process of diagnosis, treatment, or immunization of humans being and
animals. (schedulel,biomedical waste rules, 2016). Bio-medical waste is categorized as Hazardous
and non-hazardous. Around 70 and 90% of total waste produced by hospitals is non-hazardous and
the remaining 25% ofwaste is hazardous., (Awodele et al.,2016). Due to the high volume of sharp,
hazardous chemicals, pharmaceuticals, and radioactive waste in medical waste, it requires urgent
attentionto be handled carefully., (Mato & Kaseva, 1999). The hazardous waste requires proper
disposal as it may lead to
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Abstract: Waste management is a big challenge in emerging countries like India. The purpose of
this study is to determine the current condition of waste management in three main cities of
Uttarakhand, namely Dehradun, Haridwar, and Rishikesh. Based on municipal solid waste
generation,transportation, and disposal in these three important municipalities, acomparative study
is conducted.During the current study, it was estimated that Dehradun generates about 350 metric
tonnes of waste,Haridwar produces 126 metric tonnes of waste, and Rishikesh produces 60 metric
tonnes of waste. After the collection of data, correlation is computed between the population and
the waste generationin the three cities and it was concluded that the city with a large population
generates maximum wasteand poor waste management is found. Among the three cities Dehradun
is found to worst in waste management and Rishikesh is much better in managing and handling the
waste. There is scope of lot of improvement in all the three cities when it comes to management of
waste. The open dumping ground is impacting the people and the environment near the site, thus
all three municipalities are having trouble disposing of garbage.

Keywords: Waste Management, Dehradun, Haridwar, Rishikesh, Correlation

Introduction

The term "municipal solid waste" refers to a mixture of household and commercial garbage created
bythe public at large (Rajkumar et al., 2010). Degradable (paper, textiles, food waste, straw, and
yard waste), partially degradable (wood, disposable napkins, and sludge), and non-degradable
(leather, plastics, rubbers, metals, glass, ash from fuel-burning like coal, briquettes, or woods, dust,
and electronic waste) materials constitute municipal solid waste (Jha etal., 2011). India is estimated
to produce around 62 million tonnes of trash every year, with solid waste averaging 0.4 kg per capita
perday (Ramachandran M., 2014). The compositionand quantity of MSW were

created to serve as the foundation for planning, designing, and operating the management system.
When compared to MSW in Western countries, MSW in India differs significantly in terms of
composition and hazardous nature (Gupta S, et al., 1998)
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AN IMPACT OF FLOOD ON SOCIO-ECONOMIC STATUS — A CASE
STUDY OF SAMPLE VILLAGES IN JOSHIMATH BLOCK,
UTTARAKHAND

Priyanka Negi
Shilpi Yadav
Chet Ram

Abstract

Natural hazards have caused a great deal of trouble for mankind throughout history, and their effect
on national economies has also been noted. Landslides, cloudbursts, earthquakes, and floods are
all common natural hazards in the Himalayan region. Floods have proven to be the most
destructive of them all. Floods have had a major effect on the socio-economic lives of thosewho
live near river basins or low-lying areas. The study aims to see how floods affect people's socio-
economic lives in sampled villages in Uttarakhand's Chamoli district. The study is basedon
categorical (qualitative) and computable (quantitative) data which is collected from 3 sampled
villages ( Raini, Tapovan, Payya Chormi). The qualitative data is collected through in-depth
interviews with local people during the post-flood period, and the quantitative data is collected
through random sampling of the population in selected villages. Following data collection, MS
Excel was used to analyze the data, and Arc-GIS was used to create the study map. The study's
findings show that the recent flash flood in Chamoli district harmed the villages' social and
economic conditions. 46% of people say floods are quite frequent in the sampled villages which
in turn impacts their employment. 54% of people in the sampled village suffered from
unemployment. It is also evident from the results that floods have caused infrastructure damage
(84%) which in turn had impacted the children's education as well. To deal with such issues we
should promote group engagement in disaster coping strategies by increasing individual
participation through seminars about coping methods and also provision of emergency food, water,
drugs, and shelter for those affected.

Keywords: Natural Hazardous, Socio-economic, Flood, Chamoli, Arc-GIS
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Abstract; The communities of the Himalayas have an absolute cultural relationship with springs. This study is focused
on the contribution of women in the conservation of the sacred springs and on understanding the cultural dimensions of
the relation between springs and communities of the Nari village of Rudraprayag district. The primary data is collected
with an inferview of 70 people with a pretesied mix-ended questionnaive. The secondary data is collected from local
representatives. It is found that the water of sacred springs is used for traditional practices such as Dhara Poagjan, Dev
Poojan, Marriages, etc. The women of the village are working 1o conserve springs through Mahila Mangal Dal, Swachh
Bharat Mission & MGNREGA.

Key Words: Sacred Springs, Culture, Indian Himalavan Region, Uttarakhand, Women,

INTRODUCTION to more than 90%,. These springs are the primary source of

drinking water in many villages. {Goswami 2018) People

Himalaya is acknowledged as a cryogenic water pole of
Asia as it 15 a home to many freshwater sources such as
glaciers, glacial-fed and spring-fed rivers. lakes, springs,
etc. (Gergan 2002) It beholds the cultural fragrance of
various communities, socicties, religions, ete. (Prasad and

Sharma 2019).

Uttarakhand is acknowledged as the ‘land of Gods’
(Devbhoomi). It is also known as a cradle of natural
resopurces and spirituality which attracts lots of tourists
and saints as well. A slight variation in the dialects of the
communities can be observed every few kilometers which
shows the richness and diversity in culture, (Acharya 2011)

As per scientific interpretation, a spring is a place on the
surface of the earth from where groundwater gets discharged
and becomes surface water. Sacred springs play a wvital
role in the cultural practices and customs of communities.
Communities and springs have an absolute interdependency
on each other. Communities of Rudraprayag district
practice various rituals such as Dev Poojan, Dhara Poojan,
ete. As per UNDP's estimation, there are 2.6 lakh springs
found in Uttarakhand only which provide drinking water

have been fetching drinking water from natural springs in
mountainous regions for thousands of vears ago.

The major environmental challenge in the present era is
water scarcity, many villages of Uttarakhand have been
facing the drying up of natural springs. These springs are
drying up due to climate change, degradation of forests,
erratic rainfall patterns, land-use change, unscientific
constructions, ete. (Guptaet al. 2001 8). In the rural areas of the
Indian Himalayan Region (IHR), women have been making
a remarkable contribution by taking steps for conservation
of natural resources. Women have to deal with most of the
water-related issues as they are the first ones to be in contact
with water because they use water for drinking, washing
dishes-cloths, irrigation, and other household works, eic.
Therefore, the role of women in the conservation of sacred

springs becomes more significant. (IWMI1 2006)
1.  STUDY AREA

The MNari Village is located in the Rudraprayag District
of Uttarakhand state. (Figure. 1) This village is selected
to understand the cultural relationship between sacred
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Abstract

The sudden outbreak of Covid-19 led the world, to a curfew-like lockdown. The rising Death
rateput fear in the mindset of the people which influenced physical distancing. The Emergent
scenario of social distancing led to the transformation of On-Site Teaching-Leaming services
into On-Line services. However, the transformation kept the world going on but it brings a
number of hurdles. In this case study, of Clement Town, the study presents that teachers &
students have faced multiple challenges in the On-Line Teaching-Leaming system. The
quality of On-Line Teaching-Leaming System is deeply affected by its various wvariables.
Along with the pandemic, online teaching services are boosted.

Keywords: Covid-19, Education, Students, Teachers, On-Site, On-line, Teaching-Leaming

Introduction

The impact of pandemic Covid - 19 has taken over almost all continents in the world. The first
case was identified in Wuhan, China, in December 2019. The disease has since spread
worldwide, leading to an ongoing pandemic. The first case of COVID-19 in India,
which originated from China, was reported on 30 January 2020. The outbreak has been
declaredan epidemic in more than a dozen states and union territories, where provisions of the
Epidemic Diseases Act, of 1897 have been invoked, leading to the temporary closure of
educational and commercial establishments. All tourist visas were suspended in March, as
many of the earliest confirmed cases were individuals who had traveled from foreign
countries.

Covid - 19 has put uncertain challenges for students but opened up other un-proposed
opportunities as well. The rapid spread of virus led the whole world towards a deterministic
emergent curfew-like lockdown which dynamically promoted possibilistic Virtual or Online
education system over Physically influenced On-Site education system. These sudden variables
put a number of complexities & challenges in front of students as well as teachers.

According to UNESCO, the COVID-19 pandemic has interrupted classroom learning for at
least 9 out of 10 students worldwide, and about half of the students worldwide have no access
to online teaching (826 million learners worldwide have no access to a computer) (UNESCO
2020} Thas study focuses on the impact of Covid-19 on the quality of Education. Such as Zoom,
Google Meetings ete. have become a pioneer in online leaming & teachings which
encompassesthe possibilities in future education system.

Study Area

Clement town i1s a Category-Il cantonment, and deemed municipality administered by
a cantonment board under the Ministry of Defense. It is located in district of Dehradun,
Uttarakhand. The Clement Town city is divided into 7 wards for which elections are held every
5 years.
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Ahbatract

The Universal Immunization Program (UIP) iz one of the largest health programs in the world which zims
to provide vacciation to each mfant and pregnant woman every year across the country, yet the number of
children dying due to vaccine-preventable diseases (VPDY) 1z 5 lakh. The vizion of Mission Indradhanush is
to achieve more than 90%: full mrwumization coverage by the vear 2020, The objectives of the present study
are to assess the awareness of the mothers about Miszion Indradhamnesh; their knowledpe, attitude and
utilization of childhood Immumnization program znd to analyse the association betwesn lmowledge and
utilization of immunization program with selected socio-sconomic and demographic factors. A cross-
sectional study was conducted from April to May 2019 ameng mothers having children of 12-23 months of
age in the Eudraprayag Nzgar Palika Parishad. The average age of the selected children was 17.28£3.23
months; while the average age of respondents (mothers) was 26.81= 2.67 years. The 858% of the respondents
were literzte and 979 mothers believed that vaccination i3 compulsery for their children and 81% of them
believed that vaccination mmproved their child’s mmmumty, 84% of the respondents had Mother and Child
Protection Card with them. & total of 72 %o of respondents have heard about Miszion Indradhanush and 76%
of children were found fully immunized.

Keywords: Attitude, Immunization, Missien Tndradfarush, Universal Inmmunization Program.

1. INTRODUCTION

Development of health mfrastructure is given a major pricrity in developmental policies around the world.
Children arz the future of amy nation and to secure them agamst VPD by infroducing immunization
programs is an important step for safeguarding their childhood. Immunization also helps in reducing the
child mortality rate. Therefore, the Government of India{ GODlaunched variouns immunization programs n
order to make sure that not a single child will remam deprived of immunizztion against vaccine-preventable
childhood diseases.
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of Uttarakhand, India

Apeksha Agarwal', Shweta Singh', Madan Swaroop Singh Rawat®

'Research Scholar, *Professor,
Department of Geography, HNB Garhwal (A Central) University, Sninagar Garhwal, Uttarnkhand, India

Corrosponding Author: Apcksha Agarwal

ABSTRACT

Distribution pattern of existing health centre is an important aspect of health care delivery system. In
mountainous region specifically in developing countries, it also influence the decision making process
of individuals at times of need of such facilities. The present study aims to analyse the spatial
distribution pattern and disparity of health care centres in Rudraprayag district of Uttarakhand by
applying statistical techniques such as Location Quoticnt, Lorenz Curve and Gini Index. Though the
health care facilities shows satisfactory situation in case of distribution pattern of public health care
centres at district level, but while analysing these facilities at block level, the results reveals that there
15 significant mcquality in the distribution pattern of both Primary Health Centres as well as Sub-
Centres. The study is able to provide help to people and policy makers to estimate the health care
facility needs and mark the areas facing comparatively high population pressure in terms of ratio of

health centres to population,

Keywordy: Spatial Disparity, Public Health Care Centres, Primary Health Centres, Sub-Centres,

Incqualitics

INTRODUCTION

Human health is an essential and
integral part of a Nation's strength and
prosperity. Provision for basic medical
faciliies has been one of the main
objectives of all the developmental
strategies. With the rapid increase in
population as well as rising standard of
living, it becomes a difficult task for every
individual to achieve a better health. If
health of individuals is to be improved,
particularly in developing countries health
care service system must be capable of
delivering effective health care services and
members of the socicty must use these
services. "

Health care is a multitude of services
available to individuals or community by
the health professionals  for  promoting,
restoring and maintaining health. Healthcare

delivery system refer to the totality of
resources that a population or society
distributes in the organization and delivery
of health services. P!

Health care system implies the
organization of the people (i.e. doctors,
nurses ete.), institution (hospitals, PHC,
CHC etc.) and resources to deliver health
care services to meet the health needs of
target population. Healthcare in India is
handicapped because it has to face serious
crises in cost, quality of care and equitable
distribution of mode and standards of
service to the population as a whole. Spatial
analysis approach in geography concems
itsell” with the variation in the localisation
and  distnbution of a  significant
phenomenon or a group of phenomena over
geographical space in order to understand
the inequalities in it. An important issuc of
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ABSTRACT

Agriculture and horticulture are the backbone of the cconomy of Himachal Pradesh and Kullu district, The
climate of Himachal Pradesh is suitable for agniculture and horticulture due to which a large number of
agriculture and horticulture crops like food crops, fruit crops, flowers, mushrooms, vegetables and medicinal
plants arc successfully grown here. The fruits of different varnicties which are found in subtropical and
temperate climate can also be grown in Himachal Pradesh and help in the economic development of rural arcas
by generating employment and revenue for the rural population. The objectives of this study is to identify the
agriculture and horticulture production and the contribution of agriculture and horticulture in rural development
and the challenges related to agriculture and horticulture in the study area, This study 18 based on both primary
and secondary data, Secondary data is obtained from various government departments and reports. The
collection of Primary data is done through schedule, interviews, personal observation and field visit. This can be
concluded from the study that, almost the entire rural population in the study arca is dependent on agniculture
and horticulture but they neither get the fair price of their crops nor get vanous infrastructural facilities and also
have to face many physical and socio-cconomic challenges

Keywords - Agriculture, Challenges, Contribution, Horticulture, Rural development.
Introduction

Agriculture and horticulture are the backbone of the Indian economy and Himachal Pradesh. Indian agnculture
employs a very large workforce which was 42 percent in 2019 while it accounts for 16.5 percent in gross
domestic product (GDP). India is stll a country with a rural economy with about 66 percent of the country’s
population living in rural arcas and agriculture still the mainstay of this rural population. Agriculture is most
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'GEOGRAPHICALSTUDY OF THE PROBLEMS OF SLUM DWELLERS IN

KULLU DISTRICT OF HIMACHAL PRADESH' O (het Ram-

W ABSTRACT .

The appearance of slums may be seen as 2 denvative of arbanization in developeng countrics. Cities are the places
where fundamental changes occur and Iead to socio-economic development and modermazation. The higher level of
basic amenities is available along with more employment opportunitics mn urban arcas, Rural population migrates to
urban arcas in scarch of these basic amenitics and employment. Due to lack of required skalls migrants engaged in bow
income works, due 1o which neither they are able to nurture their family nor get the urban basic amenitics. So they arc
forcad live in the shums. Thas research paper 15 based on a stindy of the problems of dum dwellers m Kally distnet of
Himachal Pradesh. Out of the total 150 familics of these scttlements, 60 familics have been selected by the simple
random sampling method. This study is fully based on primary data. This study has concluded that, these slums
completely lack of all basic umenitics hike housing, drinking water, sanitation, education, health, clectrnicity and

SHODH SANCHAR
Bulletin

cooking fucl,

Keywords : Slum settlements, bassc amenities, Kullu districe, problems

Introduction

Any predominantly residential arca where the
dwelling by reason of dilapidation, overcrowding, faulty
armaagement of design, lack of ventilation, light and
sanitary facilitics or any combination of factors are
detrimental to safety, health and morals is called 1o be a
slum (USA Housing act, 1949). In the last few decades,
wrbanization has increased in the developing countries of
the world creating a high pressure on the basic amenitics
of wrban arcas, which has led 1o increased competition for
acquiring urban basic amenities. In this competition, the
rich and affluemt people succeed in getting these basic
amenitics, but the poor people fail to get these amenitics.
The poor people scttle on vacant land outside cities, near
road bus stand and along the milway line. Gradually thels
number increases leading 1o the formation of slums,

After independence in India, the urban population
ncreased significantly. The wrban population in India in

1951 was 6.26 (17.34%) crores which increased 10 37.7
(L16%) crores in 2011, Thus the percentage of the urban
population increased almost double between 1951
201 1{(Census, 2011), In present imes, people of India are
migrating from the village to cities and metros in the
search of bester facilities. In the citics, they start to dong
any kind of work for the sustenance of life, but the mcome
from these works does not fulfill their normal needs, so
they are forced 10 live in stums. According to the 2011
census in India S.41°% of the 10tal population lives in the
stums and 17.37% of the total urban population lives in
slums. The major reasons for the development of the
shums in the country are rapid population growth rate,
rural urban migration, increasing  unemployment
increasing poverty, increased competition in urban basic
amenitics, expensive urban life and ropid urbanization.
Study Area

Kullu distract i one of the 12 districts of Himachal
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Hydro-morphological investigations of Neeru
watershed using DEM and geospatial techniques
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Abstract

Morphometric analysis is very popular among the hydro-geomorphological investigation of the river
basins that deals with the linear, areal, shape and landscape aspects of river catchment. The Neeru river
watershed, a left-bank tributary of Chenab River has been selected for the present study. Carto-DEM,
Sentinel-2B multispectral satellite image and Topographical maps taken into account for extracting and
computing watershed’s various parameters adopting the geospatial techniques. This northern aligned
watershed has a length, width, and perimeter of 65 km, 22.4 km, and 106.03 km, respectively, and
covers 415.19 sq. km area. It is a 5% stream order watershed, with lower-order streams predominating.
The drainage density of 0.81 km/km? indicates that it is highly permeable and thus has increased
subterranean water storage capacity. The bifurcation ratio varies from 2 to 4.74, with a mean of 3.67,
demonstrating strong structural control over drainage development. The study area's elongation ratio
(0.67) indicates that it has an elongated shape with high relief, steep slope, high sediment load
discharge, and susceptible soil erosion. The assessment indicates the role of geospatial techniques in
quick appraisal of ecological indicators they will be helpful for decision makers in managing natural
resource, planning, and watershed management.

Keywords: Himalayan watershed, Neeru river, Chenab river, morphometric parameters, digital
elevation model

1. Introduction

Water is valuable resource and vital for all biological lives, as it gives us life and vocation
(Loucks, 2000) [, The demand for water has risen dramatically due to population growth,
water irrigation systems, and industrialization. Watershed management is necessary to
achieve sustainability, and the study of watershed morphometry is an essential aspect of
(Javed et al., 2009; Yadav et al., 2018; Kumar et al., 2021) 18- 15 101 Morphometric analysis is
required for any hydrological investigation, including assessing and managing groundwater
potential, sub-watershed prioritization, Pedology, and environmental impact (Sreedevi et al.,
2009; Choudhari et al., 2018; Kumar et al., 2021; Kumar et al., 2022) '+ 719 Horton first
developed it (1932) and the idea was later developed by Strahler (1952) and Coates (1956).
Morphometric analysis is the measurement and mathematical computation of the Earth's
surface morphology and shape and size of its landforms (Clarke, 1966). It is the quantitative
analysis of the area's shape, altitude, density, slope, profile, and drainage basin features
(Savinder Singh, 1972). Drainage basin analysis is one of the most important components of
any hydrological investigation. It provides essential information on the quantitative
assessment of the drainage system, which is an integral aspect of basin characterization
(Strahler, 1957). The analysis may assess by measuring the particular watershed's linear,
aerial, and relief aspects (Nag & Chakraborty, 2003) 2], The watershed is a natural
hydrological unit delineated by topographic highs that regulate the progression and
occurrence of surface water. Rivers, which are pretty significant landforms, are susceptible
to tectonic movements and work efficiently as the primary component of fluvial landforms,
permitting us to grasp quaternary tectonic activity in a particular area (Strahler, 1952).

In geomorphological studies, geospatial morphometric analysis is an effective technique
(Kumar & Negi, 2016) ). Currently, remote sensing and GIS techniques have emerged as
influential assets for watershed management. Previously, Srivastava and Mitra (1995),
Srivastava (1997), and Agarwal (1998) ™ initiated morphometric analysis utilizing remote
sensing techniques, and they believe that remote sensing techniques provide vital tools for
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Abstract: The population of any 1egion is a significant factor in determining the level of socio-economic
development and environmental deterioration. It has long been considered as one of the essential topics for
social scientists, especially geographers. The woid "population” conjures up a slew of imagery, challenges, and
potential solutions. The cwrent studyexamines the changing trends of population distribution, growth, density,
and sex ratio at the block level in Uttarakhand's Tehni Garhwal district. To complete the stucy, data were
obtained from different secondary sources, such as the Tehn Garhwal Directory, census handbooks, and the
census of India from tluee decades (1991, 2001 & 2011). The percentage method and choropleth technique have
beenuszd to pressnt the population distribution. To identifyy the population growth, the decadal (1991-2001 and
2001-2011) growth has been calculated in Excel 2016. It reveals that the district is witnessing both decreased
and negative population growth, mainlyin the backward and rual areas.

Introduc tion:

Humans are unique biological creatures; their evolution is an extaordinary phenomenon of natwe. It is also
true that humans are cultwal agents and creatwes of all the cultwes and cultwal 1egions of the earth
"Population” 1s the state's fundamental element, and Francis Bacon first used the texm in the year 1612 ( Tiwan,
2004; Tripathy, 1999). Generally, the population is defined as “a group of individuals of a similar species within
a community” (Mayhew, 2009) and specifically, "a group of individuals of a particular species that share the
same environment and can interbreed.” In simaple words, "population” refers to the number of psople hiving
within a political and geographical boundary. Population studies, primanily concemed with the various branches
of social and natural sciences, have a long history in terms of numbers, evolution, spread, demographic
charactenistics, and their dismbution, density, and changes. Population distibution refers to the spatial form of a
population or its distibution in a given geographical space at a given time (Clerke, 1980). The leading
indicators of population distibution are population size, density, and growth used to assess regional differences.
Climate, resowrces, and the exviromment are closely related to the spatial distribution pattem's typical scale
charactenstics (L1 & Cai, 2005)
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ABSTRACT

The Himalayan region is the most sensitive due to its fragility, especially in soil erosion; therefore, it is
a growing concern for environmentalists and natural resource planners. The study river basin
Mandakini is situated in the central part of the Garhwal Himalayan region (Uttarakhand, India),
which is highly prone to soil erosion due to various hydro-geomorphological factors. The factors
include precipitous slope, geology, rugged terrain, land use and drainage pattern. Therefore, to
identify the erosion-prone areas of the study basin, employed watershed prioritization technique
using geographical information system and remote sensing integrated with weighted sum analysis
(WSA), sediment production rate (SPR) and Technique of Order Preference Similarity to the Ideal
Solution with Analytical Hierarchical Process (AHP-TOPSIS) models. It is calculated by taking
different parameters indicating linear, landscape, and shape parameters. All the sub-watersheds
(SW) of the basin were prioritized in different categories for all models with model performance
for the Mandakini river basin in the central Himalaya. The results are showing almost similar
results except for high erosion-prone regions. The results of the SPR model indicate that vary large
areas (43.47%) of the basin suffering from severe erosion limited in the north-central (WS11, WS12,
WS21), eastern (WS2), and southern (WS22 and WS23) parts of the basin among 23 sub-
watersheds. The result of model evaluation indicates AHP-TOPSIS is the efficient model in
assessing soil erodibility. The study can help to undertake the precise decisions to propose an
effective framework for soil erosion control measures and encourage soil conservation priorities of
the region. The findings have implications for defining sustainable land resource management and
conservation, which are critical to attaining the United Nations’ 2030 Agenda for Sustainable
Development’s societal goals.
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1. Introduction 2020). In 2012, the global potential soil erosion model esti-

Soil erosion is an important agricultural and ecological issue
globally and has significant economic, social and political
consequences. Soil erosion is a genuine and extensive
environmental issue that has influenced the lives and
resources of a large number of individuals (Keesstra et al.,
2016; Pramanik et al., 2021a). The method of soil erosion
involves detaching, transporting and deposition of dislodged
soil particles and rock fragments and then placing them by
water at new places (Masselink et al,, 2017). This would
have long-term effects as the fertile topsoil is exhausted,
and the soil’s productive capacity decreases, thus worsening
global food security risks (Mosbahi et al., 2013; Udmale et al.,

mated the current global erosion rate to be 35.9 Pg yr1 (Bor-
relli et al, 2017). In addition, there has been a gradual
increase (0.45%), and around 0.20 million sq km of land
has been affected by soil erosion in India (Borrelli et al.,
2017).

Conserve, preserve and encourage sustainable land eco-
systems, maintain forests sustainably and counter desertifica-
tion, prevent and reverse land depletion and combat
biodiversity loss due to high yield of erosive rates (Bezak
et al,, 2021; Chaudhary et al., 2021; Keesstra et al., 2016; Pra-
manik et al,, 2021b). These soil conservation principles are
essential in maintaining the neutrality of soil erosion at all
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Abstract: Among all the developed and developing countries, India is actively contributing to providing clean, affordable and
sustainable energy to the citizens and making pace to achieve the UN Sustainable Development Goals 7 till 2030. In this regard,
tremendous growth in solar energy generation has been observed in the Indian energy sector. The National Solar Mission targets to
attain the goal of 100 GW upto 2022. The country's solar power potential is 748.99 Gwp. The total on-grid installed capacity is
47112.55 MW, with ground-mounted (i.e., solar power plants) accounting for 41001.49 MW and solar roofs accounting for the
remaining 6111.06 MW. Solar power contributes a substantial share (41.68%) in the total annual (June 2020 to May 2021) electricity
generation (147678.3 MU) from renewable sources. The rise in the overall solar installed capacity (25 MW to 48556.65 MW) in
the last decade represents a massive growth in solar power in the country. India is located in the tropical and sub-tropical region,
receives high intensity of solar radiation (200MW/km?”) and hence possesses more potential for energy to be harnessed. The present
study provides insights into the country's existing solar energy potential, installed capacity and solar power generation to achieve
goals in this sector. The potential states are categorized based on installed capacity (commissioned) through the atlas and statistical
computation. Solar energy policies/schemes initiated by the Government of India are reviewed concerning the progress in the energy
sector.

Keywords: Solar energy potential; Solar installed Capacity; Solar atlas; National Solar Mission.

1.1. Introduction

The biosphere is endowed with diverse ecosystems! providing innumerable goods and services to humankind (Glavi¢ & Lukman,
2007), so-called natural resources. Renewable resources vary in location, quantity, quality, and sustainability and are considered
inexhaustible (Lele, 2019). The clean energy resources (that emits concentration of hazardous gases) and long-lasting (sustainability)
like solar energy, wind energy, geothermal energy, biomass energy, etc., are regarded as an alternative source of energy (Rathore
&. Panwar, 2007). Solar energy is the viable renewable energy source derived from the Sun that has been recently promised to trim
down global warming (Ramachandra et al., 2011; Hosseini, 2014). The consistent nuclear fusion reactions produce solar energy,
which manifests the earth's surface in the form of heat and radiation (Shaikh et al., 2017). Humans have been utilizing solar energy
to meet their energy requirements since time memorial. But, the cradle of civilizations has resulted in the development of techniques
and devices to harness solar energy to use it as electricity (National Geographic Society).

Energy is often considered as the driving force for the economic development of any country (Badhotiya et al., 2021). Hence, the
economy of a country depends on its energy basket (Riihl et al., 2012). The energy consumption of India is one-third per capita
compared to a global level (IEA, 2021). In the India’s energy Thermal Power Projects (TPP) significantly contribute the large share
(61.7%) as a non-renewable energy resource. Currently, coal based energy contributes about 72 % of India's electricity generation
and the country's coal supplies are predicted to be exhausted by 2050 (Badhotiya et al., 2021). The use of coal will increase the total
carbon emissions of the country in nearby future. TPP and coal are exhaustible and liability on these for a longer duration is
questionable. Government of India (Gol) is focusing on the hydropower potential, especially in the Indian Himalayan region (IEA,
2016), irrespective of its fragility. Hydropower being renewable has environmental consequences, which seems to be ignored for
economic benefits. Thus, there is need of an alternate energy source which can promise to combat the growing population demands
for electricity. Such eco-friendly energy resources will definitely gain much importance and sustainability of clean environment.

India's solar energy potential is rich and vast (> 300 sunny days and 2300—-3200 sunshine hours per year) because of its geographical
location in the equatorial sunbelt region. As a result, the country's average intensity of daily and annual solar radiation (GHI) is 1.1—
5.9 kWh/m® (Fig. 1a) and 414.6-2159 kWh/m® (Fig. 1b), respectively. The daily and annual averages of India's photovoltaic
electricity production (PVOUT) are 1.37-6.03 KWh/kWp (Fig. 2a) and 500.8-2205 kWh/kWp (Fig. 2b), respectively, which are
comparable to the solar radiation received in tropical and subtropical countries (Global Solar GIS). Solar energy in India varies
geographically and is broadly classified into eight categories (Fig. 1). Gujarat, western and southern Rajasthan, eastern MP,

! An ecosystem is a geographical area where plants, animals, and other organisms as well as atmosphere and landscapes work
together to form life.
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[dentification of landslide-prone zones in the geomorphically and
climatically sensitive Mandakini valley, (central Himalaya), for disaster
governance using the Weights of Evidence method

Poonam Chahal * © 2, Naresh Rana?, Parshant Kumar Champati ray °, Pinkey Bisht # Dhirendra Singh Bagri ?,

Robert James Wasson ©, Yashpal Sundriyal * 2

Show more ~

== Qutline =2 Share =5 Cite

Highlights

* The identification of landslide prone areas in climatically and geomorphically
sensitive Mandakini valley is the focus.

* Unscientific anthropogenic activities in areas located nearby streams are highly
landslide susceptible.

* Final Landslide Susceptible Zonation map is validated using post disaster
landslides and accuracy of the model is 77%.

* If the model of our study found affective, it can be applied for other river valleys
also.

Abstract

The entire Himalayan region is prone to disasters. with many people being vulnerable to hydroclimatic
threats such as extreme rainfall-driven floods, glacial lake outburst floods (GLOFs), landslide lake outburst
floods (LLOFs), and landslides triggered by rainfall. Landslides and floods are related, as the former cause the
lakes that burst, and floods can undercut slopes and cause landslides. During the past 200years, landslides
and floods caused by LLOFs in the Garhwal Himalaya have occurred in 1894, 1970, and 1978: but the most
disastrous event, in terms of loss of life and economic impact, occurred in June 2013, which was a result of
extreme rainfall in the Higher Himalaya and breaching of a moraine-dammed lake, very short-lived LLOFs,
and rainfall-induced runoff and landslides. Outmigration from the area as a result of the 2013 event has
caused anxiety about the future of the economy and also concerns about security of a state that has an
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Pattern of Holocene glaciation in the monsoon-dominated Kosa Valley,
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Highlights

* Four stages of glaciations were identified since late glacial to late Holocene,
* Glacial stages were preserved in the form of curvilinear moraine ridges.
* Glacier responded to the minor changes in the temperature and moisture.

* Evidence of Last Glacial Maximum and Little Ice Age has been observed in Kosa
valley,

Abstract

Reconstruction based on the geomorphology, lateral moraine stratigraphy, and limited optical chronology
indicate that the monsoon-dominated Kosa Valley experienced four glacial advances during the late glacial
to late Holocene. The oldest and most extensive glaciation, which is termed as Raj Bank Stage-1 (RBS-1 ), is
represented by the degraded moraine ridge. This glaciation remains undated; however, the chronology of
outwash terrace gravel dated to 12.7+1.3ka indicates that the RBS-1 probably represents the Last Glacial
Maximum (LGM). The second glacial advance (RBS-2) is preserved as a curvilinear lateral moraine and is
dated to 6.1+0.4ka. The third glacial advance viz. RBS-3 is bracketed between 5.0+0.5 and 4.0+0.4Kka.
Following this, the glacier receded in pulses that are represented by two distinct recessional moraines (RBS-
3a and b). The forth glacial stage (RBS-4), which is dated between 2.2+0.2 and 1.6+0.2ka, shows a pulsating
recession and is represented by a prominent recessional moraine (RBS-4a). Whereas, presence of
unconsolidated, poorly defined moraine mounds proximal to the glacier snout are ascribed as neoglacial
advance corresponding to the Little Ice Age (LIA).
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Paleofloods records in Himalaya
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Highlights

* Paleoflood records in major rivers like the Indus, the Alaknanda-Mandakini and
the Brahmaputra are explored.

* The chronology suggests that the Alaknanda-Mandakini Rivers experienced
extreme floods during the Medieval Warm Phase.

* During the Holocene climatic Optimum, the floods in the Indus river were an
order of magnitude higher than the modern.

¢ The Brahmaputra river valley experienced a megaflood during 8-6ka BP.

Abstract

We use paleoflood deposits to reconstruct a record of past floods for the Alaknanda-Mandakini Rivers

(Garhwal Himalaya), the Indus River (Ladakh, NW Himalaya) and the Brahmaputra River (NE Himalaya), The

deposits are characterized by sand-silt couplets, massive sand beds, and from debris flow sediment, The
chronology of paleoflood deposits, established by Optically Stimulated Luminescence (OSL) and '4C AMS
dating techniques, indicates the following: (i) The Alaknanda-Mandakini Rivers experienced large floods
during the wet and warm Medieval Climate Anomaly (MCA); (ii) the Indus River experienced at least 14
large floods during the Holocene climatic optimum, when flood discharges were likely an order of
magnitude higher than those of modern floods; and (iii) the Brahmaputra River experienced a megaflood
between 8 and 6ka. Magnetic susceptibility of flood sediments indicates that 10 out of 14 floods on the
Indus River originated in the catchments draining the Ladakh Batholith, indicating the potential role of
glacial lake outbursts (GLOFs) and/or landslide lake outbursts (LLOFs) in compounding flood magnitudes.
Pollen recovered from debris flow deposits located in the headwaters of the Mandakini River showed the
presence of warmth-loving trees and marshy taxa, thereby corroborating the finding that floods occurred
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Engineering Geological Evaluation of Kakoragad Small
Hydroelectric Project, Uttarakashi District, Uttarakhand
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Abstract: The proposed Kakoragad small hydroelectric project is a run of the river scheme, on Kakora River
near Harsil in Uttarkashi district of Uttarakhand. The water will be diverted by an 18m long rectangular trench
type weir at an altitude of £2942m. The diverted water will be carried 1o the powerhouse through power tunnels
over a distance of 1629m to produce 12.5MW of electricity. The whole project is located within the rocks of
Vaikrita Group. This study includes detailed discussions on geological setting in addition to highlighting the
anticipated Engineering Geological problems likely 1o be encountered during construction of the project. The
rocks at the project site have been classified using Rock Mass Rating (RMR) system and also by Q-system in
order to predict rock load and support requirements.

Keywords: Kakoragad small hydroelectric project, RMR, Q-system, in-situ stresses, remedial measures

I. Introduction

The snow fed perennial rivers of Himalaya have huge hydropower potential. This non-exhaustible
resource is an effective means to meet the rapidly rising energy requirements of the country. Several mega and
micro scale hydroelectric projects are already functioning in the Himalayan region, while many more are under
construction as well as planning stages across the Himalayan Rivers. The suitable location for Run-of-the-River
Schemes (RORS), in Himalaya is a challenging task due to the fragility and high seismicity of the terrain. Since
the terrain is highly sensitive environmentally, safe water conductor structures such as tunnels are more
preferred as compared to open channels, which involve huge cuttings of the slope and other attendant
environmental issues. These structures have minimum environmental problems, easy to construct and maintain
with extremely high stability against earthquakes The stability of underground openings is dependent on rock
mass condition, in-situ stresses, support stiffness. size and shape of the cavity. method of construction and
sequence of construction practice among other factors. In the present case, the Engineering Geological problems
associated with the construction of a small hvdropower project has been discussed. Here. the proposed
rectangular trench type weir will help to ensure free flow of water without stagnating the water across the river
course.

The Kakoragad small hydroelectric project is a Run-of-the river scheme (RORS) for power generation
by exploiting the hydro power potential of the Kakora stream. a tributary of the Bhagirathi River. The project is
situated near Harsil, about 75km from Uttarkashi towards Gangotri (Fig 1). The Kakora stream is a perennial
stream, which originates from the snow clad mountains having a peak elevation of 5900m and flows in the
south-west direction up to Harsil village, where it meets the Bhagirathi River. This Engineering Geological
problems of this small hydroelectric project have been discussed with particular reference to five important
project components namely diversion weir, water conductor system, forebay, penstock and powerhouse,

I. Geological Setting Of Project Area

The Kakoragad small hydroelectric project is situated in Higher Himalayan terrain of Garhwal
Himalaya. The rocks exposed in and around the project site belongs to Vaikrita Group. The region has
undergone high grade metamorphism resulting in the formation of Garnet-Quartz-Mica Granulite interbedded
with Biotite-Mica Schist. The Biotite-Mica Schist shows trapped emplacements of anhedral to subhedral
crystals of quartz. Thick debris cover could be seen all along the stretch of the Kakora stream from Harsil and
further upstream up to the proposed weir site. However, a small patch of rock is seen at the proposed weir site.
Debris materials mainly consisting of big rock blocks mixed with silty soil are present close to the valley face on
the left bank near diversion site and desilting tank. At the diversion site, rocks show well developed foliations
with less developed joints. Huge thickness ot debris found at
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Abstract: The proposed Sivan Gad small hvdroelectric project is a run of the river scheme, on Sivan Gad River
near Harsil in Uttarakashi district of Uttarakhand. The water will be diverted by a 6m high weir through a 2.72
km long power tunnel to a surface power house near Jhala village to produce 5 MW of electric power. The
whole project is located within the rocks of Harsil Metamorphics of Vaikrita Group. This study includes
detailed discussion and control measures for engineering geological problems likely to be encountered during
construction or post construction period. The rocks at the project site are classified according to Rock Mass
Rating (RMR) system and also by Q-system in order to predict rock load and support requirements.

Keywords: Sivan Gad small hydroelectric project, RMR, O-system, in-situ stresses, remedial measures.

I. Introduction

The Himalayan region is rich with perennial rivers, which are potential enough to meet the rapidly
rising energy requirements, but construction of micro to mega hydroelectric projects are challenged by the
fragility and high seismicity of the terrain. The stability of underground openings is dependent on rock mass
condition, in-situ stresses, support stiffness, size and shape of cavity, method of construction and sequence of
construction among other factors.

The Siyan Gad small hydroelectric project is a run-of-river scheme for generation of SMW by
exploiting hydro-power potential of Siyan Gad stream, a tributary of Bhagirathi River. The Siyan Gad stream is
fed by rain, spring water and glacial ice melts. The small hydroelectric projects in general have five major
components namely Diversion Weir, Water Conductor System, Forebay, Penstock and Power House. Location
Map of the study area shown in Fig 1.
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Fig.1. Location map of the study area

II.  Geology of Project Site
The Siyan Gad small hydroelectric project is situated in Higher Himalayan terrain of Garhwal region.
The rocks in the area belong to Vaikrita Greup. named by Griesbach (1891). The medium to high-grade
metamorphics of Vaikrita Group is known as Harsil Metamorphics. The lithology encountered in this area
includes mainly micaceous quartzites, which consist of thick quartzite bands alternating with thin bands of mica
schist. The mica bands mainly consist of biotite and muscovite minerals. Because of the presence of thick
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Kinematic analysis of slopes between Preng and Ganderbal,
Jammu and Kashmir Himalaya, India
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Abstract: Slope stability is a matter of concern for many projects such as buildings, bridges, hydro projects, highways,
railway, canal and tunnels in hilly terrain. The present study is carried out between Preng and Ganderbal in Ganderbal
district of Jammu and Kahmir. The Ganderbal hydro project is located on the left bank of the river Sind. The Sind River is
one of the tributaries of Jhelum River. Slope Mass Rating (SMR) has been done to identify different classes of slopes, their
vulnerability to instability and Kinematic analysis by Markland's Method, as the said method is applied to decipher the
possible mode of failure and directions in the study area. The said approach was preferred considering the heterogeneous
rock mass and being anisotropic with infinitely variable strength parameters that are difficult to determine precisely, The
study concludes with the assessment of rock mass conditions and further categorization into fairand poor categories. As the
area is facing the recurrences of mass wasting and slope failures, it could broadly be classified into planar and wedge failure.
An attempt has been made for the assessment of the rock mass leading to better alignment of highways, tunnels and to
foresee any potential rock slope failure during excavation/construction. SMR study concludes that the area falls in partially
stable to unstable class.

Key words: Kinematic Analysis, Markland's Test, SMR, Ganderbal, Jammu and Kashmir Himalaya.
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INTRODUCTION with the climatic condition and various anthropogenic

The Himalaya being the youngest mountain chain of the world
is tectonically and climatically sensitive (Poonam er af. 2017,
Sundriyal et al. 2015). Problems of slope failure are very
common in the Himalayan region. Every year the region faces
scveral landslides, which create risk to human lives and
infrastructures such as highways and civil structures like
dams, buildings ete. Landslide is defined as the movement ofa
mass of rock, debris or earth down a slope (Cruden 1991). can
be triggered by a variety of external stimuli, such as heavy
rainfall, intense earthquake, water level change, and rapid
stream erosion that cause a rapid increase in shear stress or
decrease in shear strength of slope- forming materials
(Asthana & Sah 2007: Bhambri e al. 2017; Chaudhary er al.
2010),

The state of Jammu & Kashmir is strategically very
sensitive and distinct with respect to topography and climate,
most part of the state is mountainous; the topography along
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interventions have made it susceptible to natural hazards.
Landslides arc one of the natural hazards that are common and
peculiar to the state. Almost every year the state faces the
problem of landslides which affect society in many ways like
loss of lives, damage to houses, agricultural land and other
infrastructures like roads and dam sites. The vulnerability has
increased because of presence of unstable and fragile
lithology, seismicity and various unscientific developmental
activities. Deforestation, unscientific construction, terracing,
encroachment on steep hill slopes are a few and foremost
anthropogenic activities which have increased the frequency
and intensity of landslides.

The study area comes around a proposed New Ganderbal
Hydro Electric Project in Ganderbal district (Fig. 1A). Itisa
run-off'the river scheme located on the left bank of Sind river.
Besides power generation, the project envisages providing
drinking water facilities and irrigation to the local command
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Abstract

Reservoirs are the anthropogenic features that accumulate a large volume
of water behind them and in tumn alter the physico-chemical and biological
characteristics of water. The Alzknanda river is a major source of drinking
water in the study area. Present study outlines the anomalies in the water in
two reservoirs of Lambagad and Srinagar. The two reservoirs were selected
and their physico-chemical and biological characteristics measured in
laboratory and in field. The data obtained was merged into a single number
i.e. water quality index. With this index the upstream and downstream effects
on the water quality was calculated in the form of anomaly. It was observed
that WOQI in the downstream of reservoir has improved as compared to the
upstream. WQI in the downstream of reservoir at Lambagad in pre and post
monsoon was 140.462 and 87.76 respectively as compared to 258.421 and
215.1 in the upstream of the reservoir. WQI in the downstream of reservoir
at Srinagar in pre and post monsoon was found to be 67.3416 and 57.8746
respectively as compared to 86.9244 and 64.66 in the upstream. Water quality
Index in the Srinagar reservoir in pre and post monsoon seasons are123.193
and 96.0176 respectively. The study concludes that the downstream site of
reservoirs has better water quality as compared to upstream.

Key words: Water quality index, water quality anomaly, weighted arithmetic index

method.

Introduction

Rivers are one of the biggest source
of potable water. With the advent of
anthropogenic influences these water
bodies are under severe environmental
stress. The Alaknanda river originating
from Satopanth glacier located in
higher Himalaya passes through such

anthropogenic zones and the water
quality is deviated. Reservoirs are one
such anthropogenic feature which
convert the fluviatile form of the river
into the partially lacustrine and hence
are able to deviate from the physical,
chemical and biological parameters
associated with water of the river. This
in turn causes a corresponding water
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Water quality assessment of Tehri dam reservoir in the
context of its potential in aquaponics, Uttarakhand

Rawat AM, Bagri DS and Kumar S

Abstract

The State ol Uttarakhand s one of the Himalayan States having more than 3/4™ of its geographical area
as mountainous. Agriculture is not of commercial nature in most ol its parts excepl in the Terai ones. The
geographical constraints are hampering the traditional form of agriculture here. The reservoir of Tehri
dam, having area nearly 52 Km?, offers an opportunity to switch over to the non-traditional practices in
the sector like aquaponics and that o the commercially viable ones. This soil less media can be a
potential site for the new and innovative farming practices. In the study area, the water quality of the
reservoir is assessed by the authors and observed that the parameters like pH, dissolved oxygen,
temperature and nitrates, ure quite suited to the Aquaponics with a variety of plants. Sampling has been
done in Dobra Chanti, Koti. and Pipaldali all coming under lake area at various parts. The pH, DO,
Temperature. Nitrate at Dobra Chanli is 9.2.8.5 ppm, 24.9 degrees. 2.3 respectively. The values for Koti
arc 9.23, 9.1 ppm, 22.5 degrees. 3.5 ppm respectively and for Pipaldali are 9.17, 9.3 ppm, 23.3 degrecs,
and 0.4 ppm respectively.

As the comparative study of the above parameters was done by ' 2 7 it is found that the Tehri dam
reservoir has a high potential for the said bio-integrated system. Thus, the given idea facilitates that the
nutrient solution may lead to an increase in commercial agriculture, agro-business which will culminate
in employment opportunities and further research and development in this field. Moreover, such practices
may also be carried oul in the reservoir and other impounded lakes in the state.

Keywords: Water quality. reservoirs. mountains. aquaponics, sustainable agriculture, business model

1. Introduction

Aquaponics is a very innovative form of agriculture which makes a kind of ecosystem between
the fish and certain plants that can grow in water. This is totally a soil less form of agriculture,
Here the nutrient for the plant growth is provided by the excretory products of fish which are
broken down by microorganisms so that the resultant by-product can be used 7). This method
allows a sustainable growth to the crop without using the fertilizers and chemicals as the
harmless nutrients acts as a Natural fertilizers and ensure the growth of plants 2, It allows
us to save maximum water that could be lost in the conventional mode of farming through
percolation into the land. The Himalayan terrain is very rugged and at the same time. the water
and land resources for the crop production are too limited to be viable for commercial
production. At such terrains we need a very different form of agriculture that could generate
more output as comparad to the conventional mode. Aquaponics is one such method that is
capable of producing up to three to six times the quantity of plants output of a conventional
planting system 2, and utilize less amount of freshwater needed to produce fish in a
conventional aquaculture system ['5l. So this system is perceived to be a possible sustainable
solution to the inadequacies of fish and crop production as well as unemployment and trade
deficit (due to high importation of food products) in many underdeveloped and developing
countries ', From an environmental perspective, aquaponics stands out as a resource efficient
system of food production that minimizes the externalities and allows cascading of nutrients
that otherwise would cause eutrophication problem in the surrounding (2 1617,

We intend to develop a new mode! of aquaponics in mountain agriculture by utilizing the huge
area of Tehri dam reservoir as an aquaponics media. Tehri dam has been a source of
employment for the locals in the last couple of years. The fish production in the reservoir is at
a very large scale. The idea of changing the aquaculture into aquaponics is the basic theme of
the present study,
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ABSTRACT: Digital Elevation Model (DEM) is the 3D-representation of terrain surface in the
discrete form and a standard tool to examine the hydrological and research application related to
terrain characterization, landscape and water resources management. It helps in identifying
physical features of an area, watershed delineation and stream network generation. However,
several issues related to DEM’s accuracy is the utmost concern for researchers. The present study
is based on the comparative studies of DEMs viz., Cartosat-1, SRTM, ALOS and ASTER having
the same spatial resolution of 30m each, under two different categories of elevation data and
topographic attributes. The vertical accuracy of DEMs is examined by using ground control points
as a reference level of elevation generated from topographic map. Analysing different sources of
error in the DEMs, the RMSE and MAE based validation of elevation suggests that Cartosat-1
shows relatively high vertical accuracy (RMSE=45.2 & MAE=7.7) and ASTER shows the least
(RMSE=60.5 & MAE=34.6). The grid size, spatial variation and vertical accuracy of DEM are
among the prime attribute of data sources to determine the variation in basin morphometry. The
study area shows a gradually undulating topography with 5™ order drainage network. An inference
can be made out of research study that the mean elevation values of ALOS, SRTM, Cartosat-1
are relatively lower than ASTER whereas differences in stream parameters are also observed.
Mean bifurcation ratio value, which varies from 3.8-4.4, indicates that the area is structurally

controlled.
1. Introduction:

Digital Elevation Model (DEM) is having the infinite sets of application in the areas of
geomorphology, characterisation of watershed, ecology, surface runoff, modelling related to

hydrology, soil erosion potential & agriculture etc. Significance of accurate DEM is mandatory
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ABSTRACT

The study is carried out with changing long-term trend and variation in one of
the significant climatic element. The daily gridded rainfall data of spatial resolution
0.25°x 0.25°, for the last 46 years je. 1870-2015, has been processed for the Asan
watershed located in Doon Valley, Uttarakhand. The non-parametric Mann-Kendall
(MK) test together with Sen's Slope Estimator has been used for the determination of
trend and slope magnitude in the watershed respectively. The gridded statistics of
annual and seasonal precipitation trends have been studied here to achieve the
objective. It has been observed that the magnitude of precipitation in annual and
monsoonal time series are increased for all grids except for grid 6 and 8 which show a
decreasing trend. The Post Monsoon time series shows a decreasing trend in all grids
except for grid 6 which show positive whereas both the summer and winter rainfall show
increasing trend except for grid 6. The Coefficient of variability shows variation for
annual and seasonal rainfall suggesting overall insignificant changes in the area.

Keywords: Statistical trend analysis, Mann-Kendall test, Sen's slope estimator, Rainfall
variability, Watershed

INTRODUCTION

Food production, conservation and management of water resources are a prime and
significant concern of any development and planning. Change in climatic conditions with time
is responsible for the loss of freshwater availability. IPCC (2007), revealed that in the mid of
215t century, 10-30% of the water present in the earth will project up and also fall in annual
average rainfall. Precipitation is important for the nourishment of vegetation and agriculture.
Particularly in developing countries, the adverse effect of change in climate on small farmers is
emphasized, as they are mostlydependent on natural and traditional methods of cultivating crops
(UNDP, 2014). Also, it plays an important role in shaping hydrology and water quality. Rainfall
together with temperature affects the variability of weather to a large extent to determine the
crop cultivation in a different region of the world.

Climate change with reference to rainfall variability also discussed by various
researchers viz., Asfaw et al. (2018), Pandey et al. (2001), Gajbhiye et al. (2015; 2016),
Longobardi et al. (2009), Hamilton ef a/. (2001), Birsan et al. (2005), Jhajharia et al. (2009,
2012, 2014 a, b), Kumar et al. (2010), Krishan et al. (2016; 2018), Xu et al. (2007), Modarres
et al. (2007).

analysis of annual and seasonal time series over the last 46 Years in Asan Watershed, Doon Valley based on
gridded data set: v. 13 (I), pp. 8-19 hitps.//doi.org/10.31870/E81,13.1.2020.2

Please cite this article as: Sharma, Ankita, Nikam, Bhaskar R., Bagri, D.S. and Kumar, Deepak (2020) TrencT!

8




J. Earth Syst. Sei. (2020129 156
hiips:/ /doi.org/ 10,1007 /$12040-020-01422-

© Indian Academy of Sciences

Sedimentary thickness of the northern Indo-Gangetic
plain inferred from magnetotelluric studies
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Knowledge of the sedimentary thickness and configuration of the basement structure are important to
estimate the seismic hazards in active foreland basin. We present sedimentary thickness of the northern
Indo-Gangetic plain estimated from impedance tensors of 12 magnetotelluric sites. Occam’s one dimen-
sional inversion scheme was applied to invariant of the magnetotelluric tensors for the period range of
0.001-1 sec at each site. Inverted one dimeunsional model corroborates north-easterly dipping Indian
basement and accordingly increased thickness of the sedimentary column towards north and east
direction. The top sedimentary layers of varying thickness and resistivity are correlated with the known
horewell logs and previous geophysical studies around the study area. Significant difference is observed in
the resistivity of the Indian basement and thickness of the sedimentary cohunn across the Delhi Hardwar
Ridge. The difference in resistivity may be an indicative of variation in compactness and degree of
saturation of the sedimentary cover and the narure of the Indian basement rock across the Delhi Haridwar
Ridge.

Keywords. Indo-Gangetic plain; Himalaya; resistivity: magnetotellurie; 1D inversion; dimensionality.

1. Introduction

The sediments of the Indo-Gangetic plain (IGP)
have varying thickness of ~1-6 km (Lyon-Caen
and Molnar 1985; Borah el al. 2015). These sedi-
ments have been deposited over a deep trough
formed by solid rocks of the Indian crust (Sastri
et al. 1971; Rao 1973: Singh 1996). Geology and
tectonic setting of the IGP, is closely related to the
formation of the Himalavan orogeny. Neo-tectoni-
cally active IGP was formed in response of the
Himalayan uplift after the collision of India and
Eurasia continental plates (Dewey and Bird 1970;
Pati et al. 2015). Due to the collision and subse-
quent thrusting, the old sedimentary prism of an

Published online; 15 July 2020

intermediate sea was folded, faulted. thrusted and
uplifted along with its basement in Cenozoic period
(Burbank et al. 1996; Najman et al. 2004). From
north to south, these fault lines are named as Indo-
Tsangpo suture zone (ITSZ), South Tibetan
Detachment (STD), Main Central Thrust (MCT),
Main Boundary Thrust (MBT). Himalayan Fron-
tal Throast (HET) (Gansser 1964: Ni and Barazangi
1984 Yin 2006: Jain ef al. 2016: Thakur et al.
2018} Further south of the HFT, a Hexure was
developed on the Indian plate due to collision and
partial subduction below the overriding Eurasian
plate. Later, the debris of the Himalayan sediments
hrought by the major perennial rivers namely,
Indus. Ganga. and Brahmaputra along with their
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RESERVOIR EFFECTS IN THE DISSOLVED OXYGEN OF ALAKNANDA RIVER,
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ABSTRACT

Dissolved Oxygen is one of the most crucial component that determines the holiness of any water
body. Rivers has been the lifeline for many civilizations they pass by, and the present scenario too
shows the huge dependency of humans in the rivers for one or many reasons. These dependencies in
the rivers has huge impact in the quality of rivers and their health. Creation of manmade reservoirs for
the power generation in the Himalayan Rivers, has been a common trend. The reservoirs convert the
riverine form of the water to the lacustrine one. In the present study the impact of man-made reservoir
in the dissolved oxygen of the river has been worked out in pre and post monsoon seasons. The
dissolved oxygen within the reservoirs has depleted compared to the upstream and the downstream of
reservoir in both the seasons. The DO within the reservoir in pre-post monsoon seasons is 5.1 & 4.55
respectively, which is low compared to the upstream values of 5.53 and 5.85 respectively in the said
seasons. The downstream DO values also shows the better conditions of 6.5 and 7.15 respectively.
Thus, the study suggests that the Srinagar reservoir has the capability to deviate the nature of the
flowing water,

Keywords:

Dissolved oxygen; Himalayan River; Water Quality; Reservoirs.

1. Introduction

Dams are physical barriers in river systems, and they and their associated impoundment water can
result in changes to the natural flow regime, which in turn may change the physico-chemical
parameters associated with the water Palmer et al. (1990). Ward & Stanford (1983) suggests that the
dams and their reservoirs has the ability to shift the parameters longitudinally upstream or downstream.
Similar to wetlands and larger reservoirs, small reservoirs temporarily store storm-water that is
gradually released, thus delaying and mitigating peak flows (Larm, 2000; Guo, 200 1; Ravazzani et al.,
2014).Dissolved oxygen being a very sensitive aspect of a river can vary within the reservoir
depending on whether reservoir releases occur from the surface or near the bottom of the water column
(Willey et al., 1996: Neumann et al., 2006). This study focuses on the effects of a small reservoir in
the dissolved oxygen of pristine river of Himalaya viz. Alaknanda and how the conversion of the free
flowing river water to a different continuum L.e, reservoir makes the river to behave in a very different
manner that is manifested in its parameters.
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Abstract

Drainage basin dynamics of any river is controlled by geomorphic attributes which include both surface and subsurface
characteristics of a watershed. These characteristics comprise erosional and deformational processes affecting the hydro-
logical and morphological conditions of the watershed. Similarly, the tectonic setup of the watershed influences the ter-
rain topography and geomorphology as well. The paper deals with the evaluation of DEM-derived parameters related to
morphometry and tectonic setup in the Asan watershed, Doon Valley, Uttarakhand. The assessment of active tectonics in
the study area is based on the parameters related to the morphometry and morphotectonic characters of the watershed.
These terrain attributes are determined using Cartosat-1 DEM (10 m) using GIS to investigate the structural setting. The
parametric evaluation concerning morphometric analysis helps to understand their significance in watershed prioritization
and management while the tectonic analysis helps to determine the structural setup and identifying the hazard-prone area,
if persists, in the watershed. The study area falls downhill of tectonically active Lesser Himalaya and Siwaliks, make it an
ideal location to determine the degree of relative tectonic activity in the area. The average of measured attributes is used to
evaluate the combined classification of the Relative Actve Tectonic Index (R)). The outcome reveals that the watershed is
tectonically active that experienced a differential rate of tectonism and have a consistence relationship between structural

disturbances and basin geometry.

Keywords Morphometry - Geomorphic indices - Watershed - DEM - GIS - Relative active tectonic index

Introduction

The active Himalayan mountain chain is subjected to various
deformational processes because of tectonic uplift, weather-
ing and denudational processes (Valdiya 2003; Perez-Pena
et al. 2010). The geomorphological setup of a particular
watershed is strongly affected by the deformational pro-
cesses occurring within them. It is strongly dependent upon
the tectonic activities occurring into it, which infuences the
drainage system, terrain topography and landscape devel-
opment. Tectonic geomorphology describes the formation
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of geomorphic features which is the results of the relation-
ship between the tectonic and surficial processes (Burbank
and Anderson 2001). In controlling river behaviour and the
development of drainage network, tectonism plays a signifi-
cant part (Holbrook and Schumm 1999; Sinha-Roy 2001;
Valdiya and Narayana 2007). This can be described both
qualitatively and quantitatively (Hare and Gardner 1985;
Keller and Pinter 2002). The drainage network in active
regions is susceptible Lo teclonic features viz., faulls, folding
and tilting. River and streams are the significant landforms
that are very sensitive to tectonic movement as these affected
by incision, diversion and asymmetry in a tectonic environ-
ment (Cox 1994). Watersheds behave as the fundamental
unit of the fluvial landforms and act as an ideal entity to
understand the tectonic activity in the area (Strahler 1964),
Geomorphological quantitative studies of the basin relate
with the study of morphometric and morphotectonic atrib-
utes of tectonic geomorphology. The geomorphic feature
gives quantitative information about the tectonic processes

@ Springer
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ABSTRACT

A flash flood that originated from Raunthi Gad-a tributary of
the Rishi Ganga river, in Garhwal Himalaya, caused unprecedented
loss to lives and damaged two hydropower projects on 7" Februray
2021. In order to asses the flood magnitude, the flow parameters
of the flood were calculated using the super-elevation of the flood
marks preserved in the flood affected valleys.

The textural characteristics of the flood deposits in the upper
reaches of the valleys indicate dominance of debris flows, The peak
discharge upstream of the confluence of Rishi Ganga and Dhauli
Ganga was around 1.1x10° m¥s, which was four order of
magnitiude higher than the normal peak discharge (~ 3 m¥s). The
flow achieved a velocity of 30+3 m/s. An exponential reduction in
the flow velocity (from ~37 to 2 m/s) with distance is observed. For
which the river gradient and increase in sediment load is implied
flow that along its entrained way downstream between Raini and
Tapovan. Considering the sensitivity of paraglacial zones to climate
change, the paper calls for detailed studies pertaining to the
response of paraglacial zones to extreme weather events.
Importnatly, it is necessary to have more hydrological data covering
multiple valleys for predictive model simulation of the nature and
magnitude of such disasters in future.

INTRODUCTION

India stands among the six most flood-affected countries in the
world (Luo et al., 2015). Floods in Himalaya are generally produced
by extreme precipitation events (e.g. Sah et al., 2003; 2010; Juyal,
2010: Rana et al., 2012), landslide lake outburst floods (LLOFs)
(Wasson et al., 2013; Rana et al., 2013). and the glacier lake outburst
floods (GLOFs) (Korup et al., 2006) or due to the meteorological
disturbances (Srivastava et al,, 2017: Kale, 2004: Ziegleretal., 2014)
or the combination of the above factors. The June 2013 Kedarnath
flash-flood was triggered by a combination of high rainfall, snowmelt
and subsequent Chorabari lake outburst (Sati and Gahalaut, 2013;
Rana et al., 2013; Doval et al., 2013). It has been observed that debris
flow triggered by high intensity rainfall events from paraglacier zones
are onc of the major factors responsible for devastating the
infrastructures in the Higher Himalaya (Sundriyal ct al.. 2015).

The upper Alaknanda river catchment is dominated by the
glacial and paraglacial processes in which the Rishi Ganga, a tributary
of Dhauli Ganga, contains the largest concentrations of glacicrs.

0016-7622/2021-97-8-827/% 1.00 © GEOL. SOC. INDIA |

(Fig. 1). On 7" February 2021, at around 10:30 a.m. a debris laden
flash flood originated from Raunthi Gad -a tributary of Rishi Ganga.
The flood water devastated a 13,2 MW hydropower project at Raini
village taking at least 80 lives. Further downstream, in the Dhauli
Ganga valley, it destroyed an under-construction barrage of 520 MW
hydropower project and killed nearly 150 people (either swept away
or buried/trapped in the tunnel),

From future risk assessment point of view, this flood raised two
important questions: (i) what was the process responsible for the
genesis of the debris-laden flash flood from a small stream? (i) What
determined the pattern of damage in the valley? To address these
questions, hydrological parameters are employed for determining the
magnitude and characteristic of this flood as it moved down valley,
The geomorphic imprints left behind by the flood are documented
by using the total station to reconstruct pre- and post-flood scenarios
with respet to channel geometry. Further, the hydrological
characterization of the flood was done using empirical methods (for
caleulating flood velocity and discharge).

STUDY AREA

The Rishi Ganga catchment (area ~690 km?) is located in the
Garhwal region of Central Himalaya, India (Fig.1). The Rishi Ganga
river, a sub-tributary of the Aluknanda river, emanates from the group
of glaciers in the Nanda Devi Biosphere Reserve (NDBR) and joins
Dhauli Ganga river near Raini village. The elevation in the catchment
ranges from ~1930 m above mean sea level (a.m.s.1.) at the confluence
to 7817 m a.m.s.1 (Nanda Devi). The glaciers cover ~25 % of the total
area of this basin. It hosts seven major valley glaciers of varying
length ranging from 5 to 10 km (Kumar et al., 2020) including a few
hanging glaciers and cirques (Fig.1). According to glacier inventory
(RGI Consortium, 2017), ~74 glaciers having areas from 0,02 km? to
33.5 km*(with an average area of 2.3 km?) are located in this basin.
Among these eight large glaciers (area>5 km?) cover 72% of total
glaciated area. The major concentration of the glaciers feed the east-
west flowing stream, while the Raunthi (Bank) glaciers contribute to
the northward-flowing Raunthi Gad (Gad - stream).

The Rishi Ganga valley is characterized by recent glacial deposits
in the form of moraines, Apart from the moraines, significant amount
of debris is available in the form of scree cones emerging from the
cirques and slope failures (Fig.1). The channel gradient is steep
(10"), to moderate (10?) and the average hill slopes ranges from
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OPEN Relationship of isotopic
variations with spring density
in the structurally controlled
springs and related geosystem
services in Alaknanda Valley,
Garhwal Himalaya, India

Aakash Mohan Rawat', Dhirendra Singh Bagri*, Sudhir Kumar?, Ruchi Badola® &
Syed Ainul Hussain?

As a traditional water source, springs are vital for Himalayan communities and it is essential to
consciously focus on springs conservation, We report oxygen isotopes (§*°0) of spring water before,
within, and after the tectonically active zones of the Alaknanda Valley, Uttarakhand. Higher variation
of 5**0 in the spring waters is found in highly tectonically disturbed zone i.e., Zone-2 with 50

range - 4.9%o to - 9.0%o compared to tectonically less disturbed zones: Zone-1 and Zone-3 with §1%0
value range - 7.9%o to - 9.9%¢ and - 7.4 to - 10.2%o respectively. We hypothesize that the highly active
thrust zones (Zone-2) with increased permeability compared to other Zones, manifested as greater
spring density, results in higher water recharge in Zone-2. Very high to high spring density stretches
are dominant in Zone-2 compared to Zone-1 and Zone-3. Stretches in Zone-2 with high spring density
formed due to its highly tectonically active nature leads to the higher isotopic variation in Zone-2. The
study also identifies the geosystem services provided by thrust zones as water resources to the local
people and need of conservation modalities to manage the spring water resources in the thrust zones.

Many accounts associated with the earthquake-induced permeability enhancements and subsequent release
of the new water sources have been documented worldwide!-3, Further, the coseismic hydrological changes
propose the groundwater mixing among different aquifers through new cracks®, which is the manifestation of
the enhanced permeability due to the earthquakes. Stable isotopes of water have been used as proxy® to show
that that earthquake enhanced permeability and release water from mountains as a subsurface hydrogeological
response to the 2016 Mw 7.0 Kumamoto carthquake. The stable isotopic variations have been used as a direct
fingerprinting tool to examine the changes in between before and after earthquakes®**, On the other hand,
the variation in the isotopic ratios (1*0/%0) of oxygen has generally been attributed to evaporation of mete-
oric water’, together with '*O-shift by the water-rock interaction® and changes of the oxygen isotopes before
earthquakes™ ', Also, the isotopic variation with altitude has been worked out by'*!*. This progressive depletion
of the heavier isotope in rain with altitude, as the cloud ascends, is often referred to as the “altitude effect” Thus,
most of the studies are focused either on the earthquake or altitude-regulated isotopic variations (altitude effect)
or due to the other fractionation pracesses. Other factors like the very high abundance of springs sources or
very high spring density in some stretches and the presence of active thrust zones may also also bring changes
in the stable water isotopes giving the indication of water recharge in the zone. As the stable isotopes of oxygen
indicate the recharge sources of the water'"'%, the present work has been carried out to understand the impact
of tectonics on isotopic composition of spring water.

In the present work, we tried to decipher the first account of the thrust-controlled stable oxygen isotope vari-
ation in the spring waters of Alaknanda valley located in Garhwal Himalayas, Uttarakhand, India.

*Department of Geology, Hemvati Nandan Bahuguna Garhwal University, Srinagar Garhwal, Uttarakhand,
India. *National Institute of Hydrology, Roorkee, Uttarakhand, India. *Wildlife Institute of India, Chandrabani,
Dehradun, Uttarakhand, India. “email: aakashrawat4444 @gmail.com
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Identifying potential hotspots of land use/land cover change in the last 3
decades, Uttarakhand, NW Himalaya

Shravi Agarwal', Vipin Kumar'", Sanjeev Kumar'. Yaspal Sundriyal', Dhirendra Singh
Bagri', Neha Chauhan'. Sameeksha Kaushik', Firoz Khan', Naresh Rana’

IDepartmc:nt of Geology, HNB Garhwal University, Srinagar, India
2De:p{:zrtment of Geology, University of Delhi, Delhi, India

*Correspondence: v.chauhan777@gmail.com

ABSTRACT

Uttarakhand region in the NW Himalaya has experienced two extreme climatic-geomorphic
events within last 10 years that killed more than 6000 people. Though these events, like many
others in the Himalaya, have been attributed to climate-change and anthropogenic
disturbances, identification of potential hotspots of land use/land cover change is rarely
attempted to make future inferences for disaster risk reduction. An evaluation of spatio-
temporal changes in land use/land cover can be used to identify such hotspots. Therefore, we
analysed the spatio-temporal changes in a climatically sensitive and natural disaster-prone
area (~28856 km®) of Uttarakhand (NW Himalaya), India, by comparing the satellite data of
years 1991-2020 for ten land use/land cover elements to track the spatio-temporal changes
over these years. Results revealed the formation of two hotspots exhibiting relatively more
changes in land use/land cover pattern. Though the anthropogenic influence is observed in
both hotspots, the influence of spatio-temporally changing climatic parametres is also noted.
In view of frequent extreme climatic-geomorphic events. temporally increasing population
and tourist pressure, and temporally changing climatic conditions, it is vital to identify
hotspots having dominant changes in land use/land cover to understand the possible source of

potential disasters.
Keywords: Land use/Land cover; Uttarakhand; Himalaya; Climate: Anthropogenic action.

L0 INTRODUCTION

The present pattern of infrastructural development and subsequent population increase in the
fragile ecosystem in mountain ranges have resulted in increased stress on environment in the
form of land use/land cover changes (Paudel et al. 2016). The studies pertaining to the land
use/land cover refer to extracting the information about physical characteristics of the earth
surface features along with the patterns of their utilization in time and space (Rawat &

Kumar, 2015). Change in the land use/land cover is the primary variable that affects a wide
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Socio-economic condition of scheduled castes: A study of Kairana
town in Shamli district of Uttar Pradesh

Vinay Kumar Sharma'#, Kalish Chandra Purohit' and Anita Rudola'
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Abstract: India is a nation having multiple languages and religions, Since the ime immemonal it has been stratified in
various major and minor castes. According to Manu Smriti, there are four main castes, Brahmin, Kshatriya. Vaishya and
Shudras. Out of them Shudras are considered of low status and sometimes untouchables. These are generally deprived
of basic amenities and education. This paper looks into the various aspects which lead to the low socio-economic status
ol Scheduled Caste people in Kairana town of Shamli District in Uttar Pradesh. As per Census 2011, the Kairana has a
total population of 2,66,121 which includes 18.34% Hindus. Out of the total population of Hindus, there are 5.4%
people from Scheduled caste,

Keywords: Occupation. Debt, Backwardness

Introduction

India, a country with multiple and religions is the home for hundreds of castes and sub-castes. This system of
caste is not new to it but is prevalent since ancient times and to be precise since the times of Aryans who
arnved here from Central Asia as regarded by Carl Marx. Those people had their societies devided into four
Varnas namely Brahmins (Leamers & Teachers), Kshatriyas (Warriors), Vaishyas (Businessmen) and
Shudras (Servants). But these vernas were not decided by birth rather by occupations taken up by people,
The people not belonging to any of these categories or say besides these vernas were known as Avamas or
Chandals (Apparaya S. May 2015). As on today these people are known as Scheduled Caste people but this
is not because they willingly want to be known so, rather this category has been imposed upon them with no
way out. Today we have stepped into the 21" century and we find India highly stratified and discriminatory
in terms of castes which are not based upon the occupations but given to people immediately at the time of
birth. At present there are approximately more than 3000 castes and sub<castes in India and out of these the
condition of scheduled caste people is very pathetic. Generally these people are less educated and have fewer
resources due to which they cannot compete with other people and remain in the same class. Due to the lack
of resources they are forced to take up such jobs which are of low standard and bring low incomes and
lowering their standards of living further down, These people are commenly cobblers, scavengers and
washermen etc. These people cannot think of coming out of this web despite having talents as in this society
there is no help for them.

The first step towards the upliftment of these downtrodden people was taken during British period through
several reforms and by the missionaries who came here to preach people about modernity. The Govt. of India
Act 1935 was the first official document to identify the scheduled castes. Several Indian reformers also
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Correlation between sex-ratio and literacy rate in Deoria

town: A geographical analysis
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Abstract: This paper is an attempt to analyze the correlution between sex-rutio and literacy rate in Deoria town.
Literacy and sex-ratio are two important demographic features of population. Literacy plays an important role in
bringing equality in the sex-ratio. In this paper spearman’s rank correlation method has been used to analyze the
relationship between sex ratio and literacy rate in Deona town. The study reveals that there is moderate and positive
correlation, p=0.014 between sex ratio and literacy rate in the town. It means high literacy rate. high sex ratio. Both

variables are independent of each other.

Keywords: Correlation * sex-ratio = hteracy rate * Deoria town

Introduction

Literacy means ability to read and write, The United
Nations Educational, Scientific and  Cultural
Organization (UNESCO, 1950) defines literacy as
the “ability to identify, understand, interpret, create
communicate and compute using printed and written
materials  associated  with  varying  context.’
According to census of India. a person aged seven
years or more than seven years who can read and
write with understanding in any language is called a
literate person. Any form of education or minimum
educational standard is not necessary to be
considered literate. Literacy is quite necessary for
eradicating poverty and mental isolation. Generally,
literacy levels are high in developed countries.
Urban areas have higher literacy than rural arcas.
The economic and social development of a country
depends to a great extent on the literacy levels of its

population,

Sex ratio is the ratio of males and females in a
population. Sex ratio is used to describe the number
of females per 1000 of males which is a valuable
source for finding the population of women in India.
It is an important social indicator to measure the
extent of prevailing equality between males and
females in a society. In population census of 2011, it
was revealed  that the sex ratio in India is 940. The
sex ratio (2011) shows an upward trend from census
of 2001 (933). Over the span of more than 100 years
the deficit of women has progressively increased as
evident from the sex ratio of population (Visaria.
1972).

Study Area

Deoria town was declared the district headquarter of
Deoria district on 2™ October 1946, It was formerly
the eastern part of Gorakhpur district. The town
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Populaion Characteristics of Village Thein of Kathua District
(Jammu and Kashmir)
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Abstract: The present paper seeks to mirror the population feature of a village of Kathua district of Jammu and
Kashmir, For the purpose a micro-level door-to-door survey was conducted in the vear 2016, which included a
number of questions pertaining to the theme. The results at village level study have been found to be quite different
but are accurate. The figures related to various characteristic of population vary greatly from one religious,
community to another

Key word: Resource, Migration, Occupational Structure, Physico-Culture

Introduction

Population studies happen to be an important part of geographical interpretation of an area. Population
geography deals with the relation of population to its land in terms of both quality and quantity. In the
study of population, the main task is the measurement of population parameters. Modern geographers
consider the human population as a resource. In fact, resourcefulness of the physical element depends
upon the capacity of inhabitants to utilize them for satisfying their needs (Zimmerman, 1964). Population
is the point of reference from which all other elements are observed and from which they all singly or
collectively derived significance and meaning (Trewartha, 1953). Man is the geographical agent who
modifies the surroundings through his actions and brings changes in it. The man-nature relations have
undergone a drastic change overtime as per changing time and conditions,

Geographical conditions have had a direct control on the climate, vegetation, soil, drainage, minerals,
cte., thereby affecting the spatial distribution of population on the globe. The growth, density, sex ratio,
age- structure, occupational structure, literacy, rural- urban structure and migration- all are variable from
one place to another due to a number of physio- cultural factors.

The study area

For the purpose in hand. village Thein of Jammu & Kashmir has been chosen. This village is situated in
Basholi Block of Kathua district along the national Highway between Lakhanpur and Basholi, at 32° 24°
N Lat and 75° 41" E Long (Figure 1), with an area of 1585 acres surrounded by the villages Dannor,
barrah and Danna. The topography of Kathua district is variable occupying high mountains, valleys, outer
plains (S.W.) ranging from 280-500 meter elevation. The village is situated at predominant plain of the
Shivalik ranges. The climatic conditions are influenced by physiographic conditions and the plain arcas
experience very hot during summers where temperature reaches 48°C. The entire district is profusely
drained by numerous ephemeral and small perennial streams. Thein village is mainly drained by the river
Ravi. The “Ranjit Sagar’ Dam on this river is popularly known as Thein /dam. Thein was also declared as
Wildlife Conservation Reserve by the government in 1981,
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Abstract: Literacy and sex ratio is an important element of cultural and biological composition of population. Generally
literacy is defined as the ability to read and write. Sex ratio is defined as the number of females per thousand males, It
depends on rate of birth, death and migration. The sex ratio is found less due to negligence of girl child, early marriage,
preference for male child etc.. Sex ratio in our country since long period had remained unfavorable to females. The
main objectives of the present paper are 10 study the correlation between the literacy and sex ratio of urban centers in
District Pilibhit. The present work is based on secondary sources of data and collected from census of India 2011, The
two variables i.e. literacy and sex ratio of urban centers in District Pilibhit has been taken into consideration for the
study. The data is processed and calculated correlation between literacy and sex ratio by using Spearman's rank
correlation method.

Keywords: Correlation, Sex-Ratio, Literacy. Pilibhit, Urban Centers
Introduction

Literacy and Sex Ratio are two important demographic characteristics of population. Literacy involves in
cultural composition and sex ratio is discussed under biological composition (Ghosh, 1985.). Literacy means
the ability to read and write with certain understanding. The United Nations Educational, Scientific and
Cultural Organization (UNESCO) defines literacy as the "ability to identify, understand, interpret, create,
communicate and compute, using printed and written materials associated with varying contexts.

Sex ratio means the ratio between males and females in the total population. It is defined as the number of
females per thousand males in a population. It affects on labour supply, age of marriage, population growth,
status of women ete. It is an important attribute of demography and is influenced by birth, death and
migration,

Objectives
(i) To study the change of literacy rate and sex ratio in the study area.
(ii) To examine correlation between literacy and sex ratio in the study area,

Methodology

The study is based on secondary data regarding literacy rate and sex ratio of town areas of district Pilibhit
which obtained by census of India 1991-2011.The methodology adopted to achieve the aim is Spearman’s
correlation relationship between literacy rate and sex ratio.
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Abstract: Chamoli district is the land of various natural and cultural tourism spots and well known for Badrinath
(one from the four Dhams) heritage, craft and tremendous natural beauty. Chamoli has the possession on vanous
snow-capped lofty mountain peaks which attracts the tounsts and endow with natural splendor. Visitors can get
pleasure from culture, customs, costumes, cutsines, dulects and music in the form of community-based tourism as
Chamoli is blessed with tremendous culture. This study assesses the perception of local residents about potential
components 10 develop community-based tourism (CBT) m Chamoli distnet. The qualitative and quantitative
technique has been used 1o collect the data. The results found that perception of communitics, for the fact of
traditions, uniqueness, and handling of tourism products s a bit negative but overall perception is positive that is
very helpful and important to develop as well as enhance CBT in Chamoli district.

Key words- Community based tourism, Potential, Culture, Components
Introduction

Tourism is the most rapidly growing industrics worldwide. According to the World Tourism
Organization, international tourism is growing at a rate of approximately 4% per year WTO (2000). As a
result of the environmental concern, dissatisfaction is emerging for the mass tourism among the people
which led to an increase demand of rural tourism. According to Honey (2008), Community-based
fourism is a safe means of earning livelihood through a less destructive use of local resources. Rural
areas, which are culturally and traditionally rich, are the main centers of community-based tourism
(Mallya, 2006). These days, CBT is essential for the sustainable development as well as it strengthens the
local cconomy. In reference of India, it is said that the country has not reached at par with the
neighboring countries (Hai & Chik, 2011). Pilgnmage tourism in Chamoli District attracts more tourists
rather than the other forms of tourism. Though, it has vast potential to attract visitors of every form and
be a significant source of earning of the associated population (Gupta & Bhatt, 2015). In the field of
community based tourism, researches revealed that only a very small population is concerned to this form
of tourism and the reason behind it is the seasonal tourism activities in this area. However, governments
as well as local agencies are working to promote the community based tounism. It is very helpful to
conserve and sustain the local resources with the growth of local economy. With the enhancement of the
cconomy there is a need of the planned tourism so that it brings other benefits for the communities
(Haque & Aich. 2014).

The present study acknowledges the fact that identifying local community’s perceptions about the
components which support the CBT in the area and enhance the quality of the tourism products. Hence,
the results of the present study may be used to reorganize the tourism products and simulate the model
for tourism growth (Folke et al,, 2002; Walker et al., 2002). The residents™ perceptions of recreational

LSHARAD 11 http:// hyssh.sharadpauri.org



Paper 12

Journal of Global Resources Volume 5 (01) January 2018 Page 01-12
ISSN: 2395-3160 (Print), 2455-2445 (Online)

01
POPULATION AND URBAN SPRAWL IN LUCKNOW CITY: PROBLEMS & PROSPECTS
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Abstract: An unprecedented population growth and migration, and increased urban population
and urbanization are inadvertent, These urban ecosystems are a consequence of urbanization
through rapid industrial centers and blooming up of residential colonies, also became hub of
economic, social, cultural, and political activities. Urbanization, as such, is not seen as a threat
to the environment and development, but it is the unplanned urbnization and subsequent urban
growth, or the sprawl that affects the land-use of any region prone to extensive urbanization
with loss of prime agncultural lands. Therefore there are certain demorgaphic, physical,
economic, social and environmetnal and lastly governance factors which contribute to this
phenominon of sprawl. ideally, the growth that takes place around urban areas should be
channeled in an orderly manner that will produce an economically efficient, socially and
personally satisfying living environment. In practice, ideal growth can hardly be achieved due to
many practical reasons. But, it can be said that growth is a phenomenon, it can be guided fo
prevent it frorm becoming sprawl.

Key words: Urban sprawl, Urban-rural fringe, Migration trend, LU/LC change, GIS

Introduction

In industrial countries the future growth of urban populations will be comparatively modest since
their population growth rates are low and over 80 percent of their population akeady live in
urban areas. Conversely, developing countries are in the middle of the transition process, when
growth rates are highesl. The transition drifts from agricultural employment, high overall
population growth and increasing urbanization rates. In the initial stages. development in the
form of service centers such as shops, cafeteria elc, is seen on the roadside, which eventually
become the hub of economic activities lkeading to sprawl. This type of upsurge caused by a road
network between urban / semi=urban [/ rural centers is very much prevalent and persistent in
most places in India. Biggest challenge is to ensure adequate housing, sanitation and health,
and transportation services in a habitable urban environment in developing countries. Spraw is
seen as one of the potential threats for such developing and for better management of
resources in developing country, Hence, it is very essential to understand the phenomenon of
urban sprawl.

Literature Review

There are so many studies done by Geographers, Planners, and Scientists & Researchers in
the concerned study area. Er. Rajeev Shekhar et al. prepared a land use land cover map of the
concerned area. Swadesh Kumar et al. (2013) also described the assessment of land use
around highly populous business centre. Another study done by Pathak et al. (2009) he
described that the issues arising from unplanned and rapid urban growth, developing countries
could significantly gain from the information generated using advanced technologies such as
satellite Remote Sensing, Geographical Information System (GIS), Global Positioning System
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Abstract

Urban growth refers to the physical expansion of the cities and towns due te population
growth and migration which is called urbanization. It is a global phenomenon in developing
countries like India, where the population is over one billion, we can say one-sixth of the
world s population. This tvpe of growth is affected agriculture land and also surrounding
habitation. So many cities formulated development plans. Geographers, planners, scientists
require information about to the population growth rate, pattern and extent of expansion
of city. In the lacking of this type of information, most of the growth areas lacking of basic
amenities and infrastructure facilities.

This study represents the sprawling of the Lucknow city has led to the change land use at
the urban fringe and the surrounding rural hinterland since many vears ago. The population
growth in the core area of the city finally resulted in out migration of population from city
centre at the urban-rural fringe. The land use and land cover change is a natural process
and cannot be stopped but it can be controlled to minimize the harmful impacts of urban
growth on environment and resources. Physical expansion and pattern of growth can be
detected with the help of ancillary and temporal data. Geographic Information System (GIS)
provide the advance techniques and methods to the study of urban growth for sustainable
development.

Keywords: Urban growth pattern & direction, Urban-rural fringe, LU/LC change, GIS

Introduction

India has only 2% of global land and 4%
of water, but it has 16% of the population
of the world. Urbanization is an indicator
of the level of development of any region.
The phenomenon of urbanization depends
solely on the resource base of any region.
In 1947, there were only 3 cities above a
million populations Le. Chennai, Kolkata
and Mumbai. Today these numbers have
grown rapidly to 53 Urban Agglomerations
in 2011 from 35 Urban Agglomerations in

2001. Statistics show that 18.8 percent of
urban population in 1951 has risen to 27.8
percent in 2001 to and further to 31.16%
in 2011. The number of census towns
has increased form 1362 in 2001 to 3894
in 2011, An unprecedented population
growth and migration, and increased
urban population and urbanization are
inadvertent. These urban ecosystems are
a consequence of urbanization through
rapid industrial centers and blooming up
of residential colonies, also became hub
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Abstract: India is the second-largest populous country in the world. Populaton plays a vital role in any country,
India is not only rich in natural resources but also blessed with human resources. Population growth of any area is
an index of economic development, cultural background, historical event, social awakening and political 1decology.
In our country, the population increased at a rapid rate. This paper deals with pepulation characteristics of the
Allahabad district which mainly includes the growth of population and population density of Allahabad distnet.
This paper is purely based on secondary data of Census 1991, 2001, and 2011 and shows the data through charts
and graphs.

Keywords: Population Growth, Density, Natural resources.

Introduction

Population growth and its distribution involve two key issues in any population studies (Rubenstein
2010). The concept of growth of population is often used to connote in the number of inhabitants of
territory during a specific period. irrespective of the fact whether the change is negative or positive
(Chandana, 2008). Population growth is an aspect of the population that is most often discussed not only
by the demographer but also by people concerned with cconomic growth, national planning and social
welfare, It refers to the change in population size (increase or decrease) between two decades (Mishra,
1980, pp, 128). The population growth patterns that we observe around the world are not the same. We
can roughly divide the world into two broad regions, namely, the Developed World and the Developing
World, Most of the population originate in the developing world which represents over 80% of the
world's population (Newbald, 2017)

The growth of population in an arca is the index of its economic development, social awakening and
many other characteristics (Bajaj, 1963). The spectacular acceleration in population growth was the
product of the decline in mortality and the widening gap between birth rate and death rate (Chandana,
op.cit.), The death rate declined in the developing countries after the Second World War due to the large
scale application of improved medical and health technology and significant improvement in food
production, On the other hand, the urban centre, particularly the big industrial centres were recording
rapid population growth.

Study Area: Allahabad District is the most populous district in Uttar Pradesh. The district Allahabad is
situated in the Gangetic Plain. The geographic area of Allahabad district is 5482 km?, It extends from 24°
47 10 25" 47" north latitude and from 817 19" to 82" 21" east longitude (Fig 1). Tts peripheral boundaries
extend in the north to Jaunpur and Pratapgarh districts, in the south to Rewa district of Madhya Pradesh,
in the west to Fatehpur and Banda districts, and in the east to Mirzapur district. The major river, Ganga
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Abstract

Rural women are the backbone of workforce and an essential part of the Indian wealth. In this
paper an attempt to analyze the taking part of rural women in farm and agricultural activities
and faced various problem and challenged in the villages of Tehri Garhwal district of
Uttarakhand.For this study we are selected three villages of Tehri Garhwal district where
maximum population of women depends on the agricultural activities namely (Akhori,
Melatha, Paukhal villages). Women associated with various activities like Transportation,
Snowing, Harvesting, fodder cutting, bee keeping, pottery farming, milking and sheep and
goat rearing in the rural area of Uttarakhand. Their source of income and livelihood
sustainability directly depends on the primary activities in the study arca. Rural women are
the internal part of the society and deals with the multifarious responsibilities from child
caring to agricultural field preparing. Rural women in the study area are affected by the
various factors which are affecting th

¢ women health that arises duc to the work load and
women security in the work place. Due to the wo

rk load women indulge in various discases
like headache, vision problem, joint pain, back pain, and body pain. They spend lots of time
in the agricultural field for the good production of their

crops and other allied sectors.
Key words: - Rural women, Involvement, Multifarious responsibilities, Women security.
Livelihood sustainability, Agricultural activities.

1 Introduction

Rural Women considcred as the back bone of agricultural and take part in the farm
production andprotection. In villages of Uttarakhand women participations mainly seen 1t
agricultural and farm activitics. Women associated different type of works in the socicty.
Over the period of time, we can see various changes in ugricullum! l.ll.Kl |;|ll|cd .ncll\.'llll&;‘.\:
Women are the internal part of our socicty and doing the dual responsibility n socu;lyf"{ u;
rural area. Rural women in the rural area of Uttarakhand Imhitually deal fvuh mu h):ﬂ:m
households and follow various livelihoods policics. They are mst_»cmlcd with the [::inuc =
agriculture production, animals rearing, preparing and processing of food, \;'_o e ct;.
earnings in agricultural or other rural industrial sectors, cpllcclnngnnxmgls dung cl)r e
fodder, working in and marketing and small-scale industrics, sympathetic for family

and maintained their houses for the survival in the society.

o it and
Rural women not only contributed in physical outpu! but also maintained 1::::1 rtcluzrl“ Yy
efficiency in the work force (Ramsan, 2019). Female participation in agnlf:w - Tr
activities is decreasing day by day duc to poor technology dc:w:lopmcz!:;.2 Ak o 3
;‘(’)il'olcxmrc and lack of agricultural education in rural area (Kumar,
)

o
Wie
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Abstract

Sars-cov2 (Novel-Corona Virus) Pandemic has affected worldwide and influenced all the major
countries of the world, Tourism and transportation economic activities have negative trends on
graph. This paper analyzes the cffect of the Sars-cov2 (Novel-Corona Virus) pandemic on
different categories of workers such as Permanent, Semi-permanent, Daily wages (informal
sector), Sclf-employed. Government imposed various restrictions during Pandemic. There are
various consequences of the pandemic, workers income is affected during pandemic workers
also facing shortage of food supply during pandemic.

Some of Permanent workers helped others during pandemic, some of them contributing their
money to the Prime Minister Care fund or Chief Minister care fund during pandemic. Work
from home initiative adopted by the various organizations and government, in this Investigation
of Pauri, Rescarcher investigates people’s perspective on work from home, is it easy or
challenging for them. Worker's workload increases or decreases; arc they happy with these
initiatives? All of the things are discussed in this paper. How many days daily wages workers
opened their shop, is it using sanitizing techniques during work, Shopkeeper getting proper
supply of goods from different channels during pandemic or not all these types of things are
discussed.

Keywords Sars-cov2, Self-employed workers, Permanent workers, Semi-permanent workers,
daily wages workers, Shortage of Food.

Introduction

Sars-cov2 virus pandemic outbreak facing during March month of 2920 in the world, majo_r
economies of world facing a dangerous pandcmic of the infectious virus qf Sars-cov2, and it
impacts almost all the countries of world, it impacts mainly SOCI0-CCONOIMIC SIUCIUres, trade,

transportation everything were stopped duc 10 various restrictions by the govcmr:;cnls of
different countries, the impact of the Novel corona virus pandemic leads to a slow o in
th of the countrics. This will hamper purchasing

domestic demand and the economic grow ics
power of the different working class due to job fosses OF pay CUls. ol sww"lmt‘? “f'tl.c:?:::‘ncl':\
effect of deferred order will have a longcr-lasling impact on dll‘:’m"“- bcﬁ;:: sectors hm;c;
manufacturing sector and service sector have noticed negative, o o -

less impact of a pandemic due to self sufficiency of agriculture In Indin. g
ulation also has negative impact of

India is country with v ical extent and huge PP : loss there
Sars - cov2 V‘i?llls pand:::igfgfgamy. millions ol cases C"""'fn-l' nn‘: lllaﬁgn‘:;;‘oo‘:;c‘:m;ﬁbon
life. Sars-cov2 virus spatially distributed all over the counlry.P Imdcs" punjab, and Haryana.
seen in urban areas of Maharashtra, Delhi, Kerala, Utar nts thousal

Uttarakhand also facing challenges during pandemic, }‘_ms- cm[')chradun. Rishikesh, Hardwar
areas of the Uttarakhand have negative impact; Major citics i
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Abstract: Rural out-migration is a common spectacle in hilly arcasof Uttarakhand state and is directly
associated with the socio-economic conditions of rural people. It plays a major role in the transformation of the
rural areas into resonating environments because major populated villages show decline in population growth,
agricultural activities, rural development, labour migration and rate of employment. Migration refers to the
geographic movement of people from a particular arca to another arca for various purposes and continues to
bethe main problem in the rural areas of Uttarakhand, Unemployment and Lack of basic facilities are the major
reasons for out-migration in these arcas. In this paper, an attempt has been made to analyze the rural out-
migration in Dang, Agrora, Kolri, and Morora villages of Garhwal District, In this study, various dimensions of
rurzl out-migration are considered including the types ofout- migration, purposc of migration, years wisc,
migration in the age group, inter and intra-state migration. It also analyses the impact of out-migration on the
rural landscape through principal component analysis. Results indicate that out-migration harms rural landscape
because various atiributes are in the declining stage with the out-migration such as agriculture, population
growth, working population, and businessin study arca,

Keywords: Rural Out-Migration * Rural Transformation « Rural Development « Unemployment « Socio-
cconomic Conditions

Introduction maximum  frequencyamong  the  rural
Migration has  become a  widespread population living in the hilly villages. Though
phenomenon  in recent  years. In the well-developed rural villagesin the hilly

UttarakhandHimalaya, it has become a serious
problem of rural transformation and affected
the population growth, agriculture
transformation, and development activities in
various villages. Almora and Pauri Garhwal
district of Uttarakhand show a tangible decline
inthe growth of population in 2011 as
compared to 2001 due to huge out-migration.
The hardship of village life, socio-economic
conditions of small villages become more
noticeable as compared to large villages, thus
it pretence as a serious cause of out-migration
in Uttarakhand (Mamgain, Rajendra P.:
Reddy. 2015).Migration rates have changed
drastically over the past few yearsin the
various caste groups and the villages with the

areas with highest living expectancy and better
living standardshave reduced rural migration
and provided better job opportunities in the
hilly areas, yetthe rate of migration has
increased in rural areaswith
remoteness{Deshingkar, 2010).Rural migration
in the Uttarakhand state is one of the main
contributors to urban development and growth,
due to inadequate chances of economic
development found in the rural area.Male out-
migration become the serious problem of
Uttarakhand state. This serious problem of
male migration in a hilly area leads to the
overload of work and burden on
women(Yadav et al., 2018). In Uttarakhand,
the hilly rural belts have been emptyingin
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