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Dr. N. Y. Bhatt, Dr. P. M. Solanki andDr. H. V. Majethiya
becomeghe memberof then | nt eRaneli Ew mmi tatt e
A R R. Mehta College of Science, Palanpup for the
appointmentof the post of AssistantProfessorfor the B. Sc
courseon 34 December2021

Dr. N. Y. Bhatt and Dr. P. M. Solanki of the Geology
departmentreceived a researchproject on 1 S 0 ute-Jink

spatietemporalvariability in sedimentfluxes andtheir control

on coastalsedimentdispersalsystemsin Gu | a sporisared
by Ministry of Earth SciencefMoES), New Delhi, worth Rs

21,18360- for the period of three years (201920 to 2021

2022. Mr. Rahul G. Gayakvadhasbeenselectedasa SRFin

the project

Dr. N. Y. Bhatt of the Geologydepartmenteceiveda research
projecton nSpatialand TemporalVariationsin PolarLand Ice

Surface Morphology, Melting and Energy Balance
Components sponsoreddy SAC-ISRO, Ahmedabad Project
startedn January2021andMs. PoojaMishrahasbeenselected
asa JRFin theproject

. Dr. H. V. Majethiya hasdeliveredlectureon thethemed T h ¢
Ocean,Our ClimateandWe a t bnéANoréil MeteorolicalDay,

a scientifictalk organizedoy GujaratCouncilof ScienceCity at

ScienceCity, Ahmedabadn 239 March, 2022
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Compositional and geologic insights fronVavilov crater
Deep D. Patel, Shreekumari M. Patel?, Paras M. Solankt

IM.G. Science Institute, Ahmedabad, India.
’Khalifa University, Abu Dhabi, U.A.E

1. Introduction:

Oneof mostfundamentabf all processeshat haveoccurredon the
terrestrialplanetsis the impactof solid bodieson their surface(Shoemaker,
1977). This forms a depressiortalledimpactcraterwhich aregeneratedy
the hypervelocityimpact of a smaller body on the surfaceof a planet,
moon, or other solid body in the Solar Systemor elsewhere Cratersare
usefulfeaturesto determineageof a planetarysurfaceandeventhe nature
of its interior. Study of suchimpact cratermechanicsalsois importantto
understandthe mineral variation within a planetarybody, its geological
evolution as well as the morphologicalfeaturesproduceddue to impact
crateringprovide aid the study of the behaviorof the terrestrialplanetary
crust Basedon the structuraland morphologicalcharactersimpactcraters
havebeenclassifiedinto two maintypes,(a) simpleand(b) complex

Figure 1. Location of Vavilov crater highlightedwith the red colouredbox on
LROC WAC global map (Source NASA/GSFC/ASU Projection Simple
Cylindrical,inbox projection stereographic)
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2. Study Area:

Vavilov (0.8AS, 137.7A) is a prominent impact crater with the
averagediameterof 99 kilometres (Andersonand Whitaker, 1982. It is
located on the highland areaof the lunar far side and hence,cannotbe
viewed directly from the Earth The crater has reachedoptical maturity
(Mahanti et al., 2016. Vavilov crater has well-defined featuresthat has
undergon& minimum of erosiondueto subsequenmpacts

3. Data Acquisition:

In this studythreedifferenttypesof datahavebeenusedto analyse
the crater The compositionalanalysishasbeencarriedout from the Moon
Mineralogy Mapper (M3) Data onboardl S R GOhandrayaari 1. The
morphometriandmorphologicalstudywasdonefrom thetwo instruments,
Wide-Angle Camera(WAC) and Narrow-Angle Camera(NAC) onboard
the N A S Aldusar Reconnaissanc®rbiter (LRO). The surfaceand sulx
surfaceroughnessalongwith the ejectahavebeenstudiedfrom Miniature
RadioFrequencyMini-RF) which alsoonboardthe Lunar Reconnaissance
Orbiter. For topographicalstudies,LRO LOLA T SELENE Kaguya TC
DEM mergewasutilised

4. Methodology:.
4.1 Cumulative Size Frequency Distribution (CSFD):

The surfaceareaof the targetunit and the diameterof eachcrater
inside the target unit are calculatedusing the cumulative sizefrequency
distributionmethod(CSFD)(Thesniyaetal., 2020. To determinethe ageof
the melt pool in the Vavilov crater,the CraterTools extensionfor ArcGIS
(Kneissland Michael, 2013 wasused,with craterswith diametersgreater
than 8 m being evaluated The CSFD curves are constructedfrom the
obtaineddiametersof primary craters,known as cratercountdata,andthe
crater model agesare derived using the crater stats tool (Michael and
Neukum 2010. Sincetherearecontradictoryclaimsaboutthe ageof the

7
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crater, CSFD of the melt pools of the continuous ejecta blanket was
necessaryo determinewhetherthe crateris Copernicaror Eratostheniam
age The model age of the crateris found to be 1.7N0.1 Ga which is in
harmonywith the studyby Kirchoff etal. (2013.

Data Acquisifion Diota Acguiition f Data Acouisition)
Data Collection Data Collection Data Collecficn
- - M&Z and
o] I ] ' -
Mini-RF Data W* Data WA Data
Stokas — e Idenfificaficn
= = EareiereEnsin f Ce=omoohic
Parameters oT t==o
g Features
Sircular . : Morphological
Folarizafion hlinirrium Moize mapping in
Ratic rraciicn ArciIE
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M-Chi
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Maopping in
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Flow chart of Methodology.
5. Resultsand discussion

5.1 CompositionaAnalysis

The spectralgraphsare usedto performthe compositionalanalysis
sinceeachmineralhasits own setof absorptiorbandg(Pietersetal., 2009.
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Figure 2. (Left) Band parametemapwith R: 1900hm, G: 2300hm and B:
1250m preparedfrom the M3 data (Righ) Minimum Noise Fraction
Image with R: Band 5, G: Band 7 and B: Band 8 (Projection
Stereographic

Figure3. (A) M3 FCC(R: 930nm, G: 1249nm andB: 2018 nm) showing
reflectance spectra locations 1-Plagioclase, 2-Mg Spinel, 3-HCP, 4-
Plagioclase+Pyroxene, 5-Olivine+Pyroxene, 6-LCP. (Projection
Stereographic),(B) Reflectancespectraand (C) Continuum Removed
spectra
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Figure4: The cratermodelageis determinedusingthe craterstatstool, and
the cumulative sizefrequencydistribution (CSFD) curve is generatedoy
mappingthe principal cratersin thetwo melt pondzones

5.2 MorphologicalAnalysis

Variousmorphologicafeatureshavebeenfound from this crater,a detailed
explanation of each feature can be found from Hargitai and
Kereszturi(2015.

Figure 5. (A) KaguyaLOLA DEM image overlaid on the WAC image
featuringfour topographicsectionsA-A 6B-B 6C-C @ndD-D @Projection
Stereographic)(B) WAC imagefeaturingfour topographicsectionsA-A 0
B-B 6 C-C 6and D-D 6(Projection Stereographic)and C-F shows the
elevationgyraphs 10
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Figure6. NAC Imagesof Melt channelbouldertracksandboulderflelds
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Figure7. (Leff)ContourMap of Vavilov with the contourinterval of 1000m prepared
from LOLA-KayugaDEM. (Righ) Morphologicalmapof Vavilov crater 12
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5.3Radar Analysis

From the SAR data, ejectablanketof Vavilov cratercan be easily
seen, which is not observable from optical data Singlebounce
backscatteringpccurson relatively smoothlunar surfaces,ndicating low
CPRvaluesof around<0.4, whereasdoublebouncebackscatteringpccurs
on slightly rougherlunar surfaces,indicating high CPR valuesof 1 and
above (Carteret al.,, 2012. The material excavatedfrom a crater cavity
uponimpactis known asimpact ejecta when ejectavelocity is lessthan
escapevelocity forms a deposit,or layer, of debrisaroundthe cratercavity
(Barlow et al., 2019. Continuousejectablanketand dis-continuousejecta
were observed The continuous ejecta blanket has an asymmetrical
distribution Continuousejectablanketcanroughly reachup to one crater
radiusfrom the rim andis largely madeup of fragmentedargetmaterials,
on the otherhand,discontinuousejectacan coverthousandof craterradii
andis patchyandthin (Melosh 1989.

Figure 8. (A) WAC image of Vavilov crater, (B) Total power radar
backscatte(S,) overlainon WAC image,(C) ColourstretchedCPRimage
overlain on WAC image and (D) m-chi decompositionoverlaid on WAC

Image Eachm-chi scattering(red doublebounce(db); blue singlebounce
(bs); green volume scattering(vs)) and combinationsof thesescatterings
arehighlightedon the colourwheel

13
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Figure9. (A) WAC imageof Vavilov craterwith highlightedbox showing
impactmelt, (B) Total powerbackscatte(S,), (C) ColourstretchedCircular
polarizationratio (CPR)and(D) m-chi decompositionmage
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Mineral Resources of Kachchh district, Gujarat

JankiP. Chaudhari
M. Sc. Geology Department, M. G. Science Institute, Ahmedabad

1. Introduction:

The geological diversity of Gujarat presents classical sequencesof
Mesozoic, Cenozoicsedimentsalong with the DeccanTrap basaltsand
Precambrian metamorphics The Gujarat state covers an area of
approximately1,96,000 sq km and is enclosedwithin 20A to 24A North
latitude and 68A to 74A East latitude The multidisciplinary and multi-
facetedstudiesby differentresearchelaveprovideda betterunderstanding
of the geological,geomorphologicadndstructuralevolutionof thearea

Basedon the physiographiexpressionsthe stateof Gujaratcanbedivided
into threebroaddivisions(Merh, 1995, viz.

1. MainlandGujarat
2. Saurashtr&athiawarPeninsula
3. Kachchh

Eachdivision exhibits distinct geologicalfeaturesand evolutionarytrends
aswell asis markedby its own characteristicoastline

Kachchhdistrict, locatedat the westernextremeof India, lies between22A
and 24AN latitudesandbetween68Aand 71AE longitudes It is the largest
districtin the India, andhasanareaof 45,612 sqkm. Thedistrictis flanked
on the southby the Arabian Sea In the north andthe eastit is flanked by

two vastsalinemarshesthe GreatRannof Kachchh(~15127sq km), and
the Little sqkm), with few smallrocky islandsin between(~83 sqkm). In

the west lies aRann(~4000 vast unfinished delta with tidal creeksand
thicketsof mangrove(1285sqkm).

17
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Betweenthe Great Rann and the hilly central part lies a vast featureless
salineplain with patchesof halophyticgrasseswhich is called the Banni
(~2525 sgq km). Most of the human habitationsin Kachchh district lie
especiallyin the centralpart of the district, along an elongatedtract with
rugged hilly terrain and flanked by shallow plains, which is called the
&KachchhMa i n |. Bhestapeandthe broadtopographiaconfigurationof
KachchhMainlandresemblethat of a tortoiseshell, which is possiblywhy
the named&achchld (a Sanskritword for tortoise)was given to this land
Thedistrict hasanarid climate The structuralstyles,thelithological make
up and the tectonic events have played crucial roles in the
geomorphologicakvolutionof the district, aswell asin shapingits present
landforms

2. Physiography and Geomorphology oKachchh

Taking into considerationthe factorsof altitude, slope and ruggednes®f
relief, Kachchhcanbe divided into the following four major E-W trending
zonesof physiographiainits from northto south (1) theRann (2) the low-
lying BanniPlain, (3) theHilly Region,and(4) the SouthernrCoastalPlain

3. Stratigraphy of Kachchh

The stratigraphic succession,ranging in age from Middle Jurassicto
Holocenejs exposedn the highlandsof the KachchhBasin

3.1 Mesozoic Stratigraphy:

The Mesozoicrocks of Kachchhwere first mappedby Wynne (1872.
Waagen(1879 proposedthe popular four-fold subdivisions,namely, the
Pachham the Chari, the Katrol and the Umia Series Biswas (1977
recognizedthree main lithologic provinceswithin the basin He classified
therocksof eachprovinceseparatelyandnamedthe unitsaccordingto their
stratotypes (Biswas, 1977. The litho-stratigraphic sequenceof the
mainlandis divided into four Formations,namedas the Jhurio (Jhurg,
JumaraJhuranandBhuj Formation(Biswas,1977, 1981).

18
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stratotypes (Biswas, 1977. The litho-stratigraphic sequenceof the
mainlandis divided into four Formations,namedas the Jhurio (Jhurg,
JumaraJhuranandBhuj Formation(Biswas,1977, 1981).

3.2 Tertiary Stratigraphy:

Biswas (1974 proposeda revised stratigraphyand establishedthat the

Tertiary sedimentsn Kachchhwere depositedon the erodedsurfaceof the

DeccanTrap and the Mesozoic sedimentariesDeposition startedwith a

marinetransgressiomuring Lower Eoceneand endedin Pliocene During

Paleogengdepositionwas restrictedto the westernpart of the Kachchh
Mainland,the thickestpartsbeingexposedn the southwestermcgoastalplain

which wasthe deepespart of the basin Most of the mineralsaredeposited
in Tertiary age Thefollowing Table 1 showsbrief summaryof the Tertiary

Formationsasdescribedy Biswas(1974).

Tablel: Tertiary stratigraphiadivisionsof Kachchh

AGE FORMATION LITHOLOGY

Middle Miocene-Pliocene SANDHAN Sandstones, minor limestones
—Unconformity— and shales

Early Miocene CHHASRA Silty shales and impure

(Burdigalian) limestones

Early Miocene KHARINADI Variegated siltstones and

(Aquitanian) —Unconformity— sandstones

Oligocene MANIYARA FORT Foraminiferal limestones, shales,

(Rupelian-Chattian) —Unconformity— coral bioherms and lumpy claystones

Middle to early L. Eocene FULRA Dense foraminiferal limestones.

(Lutetian-Bartonian)

Early Middle Eocene HARUDI Claystones/limestones, coquina, etc.

(Lutetian) —Unconformity —

L. Paleocene to E. Eocene NAREDI Claystones, limestones and gypseous

(Thanetian-Ypresian) —Unconformity — shales

Early Paleocene MATANOMADH Volcanoclastics, shales and sandstones

(Thanetian) —Unconformity—

(Maastrichtian-Danian) DECCAN TRAP Basalt

19
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4. Mineral resources ofKachchh

Many differenttypesof mineralsarefoundin Gujaratasshownin Fig.1 and
particular in Kachchh district minerals like agate, bauxite, gypsum,
sandstone pentonite china clay, silica sand, lignite, limestone, Semt
preciousstone agateis alsoknownasGomed Rock crystals Amythystor
Neelmaniand other preciousstonesare also found in different parts of
Kachchh & their stratigraphic division shown in Fig.2 .Minerals are
controlledby GujaratMineral DevelopmentCorporation(GMDC) as well
privateminers

A Bauxite is a metallic mineral A big size Aluminium plant could be
establishedn the sectionfor productionof Bauxite Bauxite contains
50% aluminium oxide It is mostly found in Mandvi and Abdasa
talukas It is used for many catalytic substanceapplying and for
producinga numberof aluminouschemicalslike aluminium sulphate,
alum and alumina Kachchh and Mevasa Bauxite Mines, Dist.
Devbhoomi Dwarka from last four decadesproducesbauxite Plant
Grade Bauxite is consumed for manufacturing of refractories,
abrasivesmonolithic binder,andspecializecaluminacement

A Bentonite is also known as6 We a t BasalteBéntonitehasa very
good quality of export market BentonitehasbroughtKachchhon the
world mineralmap SodiumbasedBentoniteis usedin steelplant, ol
investigation, medicinesetc Bentoniteis found in almost green or
brown colours,but sometimest is alsofound in red colour. Bentonite
is availablein Bhachauy Rapar Anjar, Bhuj, Mandvi, Abdasa Mundra
Nakhatranaand Lakhpattalukas Bentoniteis also usedfor workshop,
sandbond, polarizationof iron solid, drilling dirt, activatedbleaching
soil, civil engineering, refectories, ceramics, pharmaceuticalaid,
welding, electrode fillers, insecticidesetc Bentoniteis controlled by
the departmentof Geology and Mining. Two types of Bentoniteare
seenin Kachchh SodiumPredominanandCalciumPredominant
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China Clay is also called Kaoline. It is mostly usedin potteriesand
ceramicslt is foundin Bhuj, LakhpatandRapartalukas It is alsoused
in paper,paint and pharmaceuticalndustries Departmentof Geology
andMining controlsproductionof Kaoline It is soft white clay thatis
an essentialingredientin the manufactureof china and porcelainand
is widely usedin the making of paper,rubber,paint, and many other
products

Two types of Gypsum are normally found in Kachchh Marine
Gypsumand PanGypsum Gypsumis usually found in Adesarandin
other parts Gypsumis used as Plasterof Paris, manufacturingof
paints, crayons and paper etc It is also used as natural fertilizer,
surgicalplaster,dentalplaster,cementetc

Lignite is alsoknownasé Br oGeal' or 60 T e r Caoala Lrigpite is
produced95% in Kachchhexceptthe other mineralsof Kachchh All
other minerals are producedonly 5%. It is found in brown colour
Mostly, it is foundin NakhatranalLakhpatandMandvi talukas Lignite
Is usedas a raw materialfor setup of powerplant, for explorationof
fuel and for power production Lignite is controlled by GMDC.
KachchhThermalPlantof 140 MW capacityat Panandhras basedon
the Lignite deposits

Limestone is found all over Kachchh especially in Lakhpat and
Abdasatalukas Limestoneis usedfor manufacturingcement,as a
building stone,asa flux in the metallurgyindustry, for manufacturing
Calcium Carbide and Calcium Cyanide etc Limestone is also
controlledby the departmenof Mining.

Sandstoneis normally foundin DahinsaraNaranpuy Palara Shedada
Mathal Meghpur Moti Wandh Ravapuy KotadaRohg Manghwena
Mamura and in other places of Kachchh Sandstoneis used as a
building raw materialand it is controlled by the local panchayatof
Kachchh Sandstoneaneasily beencut into blocksandit is available
in white, light purple,reddishbrownandcreamyellow.

22
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High gradeSilica sandandglassSilica sandarefoundin Anjar taluka
Silicais the mineralof 215t century Normally, Silicais foundin Nadapa
and Mamuaravillage in Bhuj talukg Sapedaand Nagalparin Anjar
taluka in Bhachautalukaandin Lakhpattaluka Silica is usedin glass
industriesandformanufacturingdf SodiumSilicate

Ochre, Petroleum and Laterite are the other minerals found in

Kachchh Ochreis generallyknownasdGherd. It is foundin red, white

or yellow colours Surveyindicatesavailability of petroleumreserves
in Abdasataluka Low gradeBauxite containingmore iron is called

Lateriteandit is usedfor cementmanufacturing

Kachchhis a wonderfulland andso hasit is specialplaceamongthe places
of Geotouristattractionan the world.
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Abstract:

In late Cretaceou®r early Eocenethe Girnar laccolith was intrudedinto
thick basalticlayer which was hauledup in the shapeof a Dome Wildlife
habitatsareunderthe significantthreatdueto rapid developmengctivities
In presenttimes, remotesensingand GIS havebeenusedwidely to model
the wildlife habitat for evaluationand monitoring This technique has
provento be an efficient tool for integratingthe spatialandnon-spatialdata
required for monitoring of wildlife habitats This study focusseson
modelling the suitableforest cover and assessinghe hydrology and land
surfacefeaturesof the Girnarwildlife sanctuaryknownfor the Asiatic lion
andits rich biodiversity The spatialdatafrom various Earth Observation
satelliteswere acquired,interpretedand analysedusing different tools on
GIS platformto derivethe hydrology,land useland coverandland surface
parametersAs an output of this study, the mapswere preparedshowing
suitableforest cover, drainagepatternwith respectto elevations,and the
land surfacetemperaturavith respecto NDVI werealsoderived The LST-
NDVI plot showsthe inversecorrelationbetweenthe surfacetemperature
andvegetation Thesedeliverableswill helppolicy makersin evaluatingthe
lion habitatof Girnarandformulatingan effectivehabitatenhancemerdand
conservatiorstrategies 24
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1. Introduction:

India is a rich countryin bioresourcesswell ashavinga long history and
conservationatradition, sincethe period when humanbeingsand wildlife
co-existed in nature as long as man was not a dominant organism
(Chakraborti 199Q Dharaiya and Dharaiya 2021). In the presentera,
wildlife is vanishingrapidly due to growing influence of humans,as a
consequenceof the pressure of developmental activities and over
exploitationof resourcesvhich havebeenthe prime causedor the decline
of wildlife in almostall the countries(Kushwaha& Roy, 2002 Raoet al.,
2000. Resourceslike food, water, forest cover and corridors are the
essentiacomponentdor any wildlife for their naturalgrowth anddispersal
(Dharaiyaand Dharaiya 2021, Kunte, 2008 Westernand Gichohi 1993.
Unprecedente@nd increasingloss of native speciesand their habitatshas
been causedby different human activities Managementstrategieshave
focusedmainly on single speciesand protectedareas Thereis a needto
develop some advancedhabitat evaluation and managementechniques
which canhelpin formulatinglong term conservatiorstrategiegPrinsand
Henne 1998. Wildlife managementinvolves the managementof a
complete ecosystem(De Wulf et al, 1988. Managementgakes place
within variousinfluenceslike, psychological sociceconomic political and
cultural that are broadly referred as human or social values to the
environment(Dharaiyaand Dharaiya 2021, Keeney 1992 Riley et al.,
2002. Wildlife managememntequiresreliableandconsistentnformationon
the abundancedistribution of speciesandtheir habitatsas well asthreats
andalsofocuseson the maintenancedf somedesiredstateof the resource
basewithin the reservewhile controlling factorshavenegativelyimpacted
on which they depend(de Leeuw et al., 2010 Dharaiyaand Dharaiya
2021 Janzen,1986. Modern civilization, viz., clearing the forests for
settlementsagricultureand by settingup large hydroelectricprojectsand
industrieshasdoneirremediabledamagéeo the naturalsystem(Kotwal and
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Parihar 1988 Lamprey 1963 Panwar 198 Rao et al, 2000.
Traditionally, large carnivorespecieshaveservedasflagshipandumbrella
speciesfor biodiversity conservationworldwide In Asia, lions havebeen
drivenalmostto extinction,apartthe only survivingfree-rangingpopulation
of Asiatic lion (Pantheraleo persicg is in and aroundthe Gir forestsof
Gujarat, India (Divyabhanusinh 2005. From 1920 to presentdate, the
currentpopulationhasincreasedrom 20 to 674 (Dharaiyaand Dharaiya
2021 Singh,2007). Howevertheir conservations bristling with difficulties
dueto inhabitationat low densities,requirementof large areas,and often
conflict with human through predationon livestock and sometimeson
people(Banerjeectal., 201Q Dalerumetal., 2008.

The geospatiahnalysisand remotesensingtechnologyplay a key role and
oneof the quickestpossiblewaysin deriving the environmentalmaplayers
to develop contemporary strategies for wildlife habitat assessment,
biodiversity analysisand mapping and modelling of animal movements
(McDermidetal., 2009. Remotelysensediatasetsrecapableof providing
synoptic,realtime, frequentandaccuratanformations evenfor largescale
area,it alsoallows to produceself-madeenvironmentainformationwhich
are promptedby wildlife studies(DharaiyaandDharaiya 2021 Kushwaha
& Roy, 2002 McDermidetal., 2009 Scottetal., 1993. Wildlife managers
havebeenusingtopographianapsandother mapsof their interestin order
to mapthewildlife habitatsimilar to land covermappingfor formulationof
managemenplan (Best1984 DharaiyaandDharaiya 2021, Leopold1933
Lindgren 1985. A wide variety of productsbasedon remotesensingare
available which rangedrom relatively inexpensivdand useandland cover
maps generatedwith well-known unsupervised/supervisedassification
techniquesto the complicated and expensive multi-attribute databases
produced through advanced mapping and modelling (Dharaiya and
Dharaiya 2021, Franklin et al., 2000 McDermid et al., 2009 Townshend
and Justice,1980. Remotesensingand Geographicalnformation System
(RSandGlIS) havebeenusedasa fundamentatool for gettinginformation
aboutthe habitatpreferenceof the wildlife speciesandhelpsin monitoring
areasof landthataresuitableto endangeredpeciesthroughof various 26
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habitatvariablesof both spatialand non-spatial nature (Davis and Goetz,
1990integrationandinterpretation Dharaiyaand Dharaiya 2021, Prajapati
etal., 2014).

On India's west coast, the province of Kathiawar comprisesa peninsula
wherethe land is mostly flat, with hugelava flows known as the Deccan
Trapcoveringit (Mathuretal., 2017). In the plainsof Kathiawar,the Girnar
Hills are an imposing and distinctive geographicalfeature The Girnar
Compound'serrain is highly mountainousand rugged,with moderateto
very steepslopesthat regularly descendnto precipitousinclines, with the
upper sectionsof the centrally located Mount Girnar forming a sheer
verticalwall attimes The shrineson the summitof the hill arevisitedby a
huge numberof pilgrims every year, and they are of greatreligious and
archaeologicalsignificance while are no less significant geologically,
althoughlittle is known aboutthe fascinatingrock typesthey containor the
structure of the mountain ranges The topographic features and
quaquaversalip in the surroundingoasaltmay suggest volcano,but there
Is little doubt that the rocks are a plutonic intrusion in the form of a
laccolith, with alargenumberof differentiatedtypes,whichis likely unique
In being the first of its kind studiedin India (Evans,190]). Girnar'sco-
magneticlitho-assemblageutcrop has an oval shapeamid a landscape
revealingDeccanbasalts,andit seemsto be a volcanic eruption Gabbro,
Diorite, Lamprophyrerock groups,and Syeniteare amongthe rock types
found in the complex (Bose, 1972 Krishnan, 1926 Paul et Al., 1977).
Silicic intrusive bodiesof microgranitesand porphyriteshave beenfound
aroundthe main complexand have beenshownto be unconnectedo the
main hill's subvolcanics (Mathur et al., 1926§. The sequence of
crystallisationof the comagmatiaocksof the Girnarhills, namelyGabbro-
> Diorite -> Lamprophyricrocks + Nepheline Syenite was determined
basedon field relationshipsand geochemicafeatures The last two rocks
werethoughtto be complimentarycomponent®f a very alkaline,iron-rich
leftoverliquid (Bose,1973 Chandra1999. Theintentionbehindthis study
IS to mapthe currentvegetationcoversuitableasthe habitatfor wildlife of
GirnarWildlife SanctuarygspeciallytheAsiatic lion. 27
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The studyalsofocuseson mappingof existingwaterchannelgo aid in the
water conservationn the area RS and GIS technologyhavebeenusedin
this studyin orderto identify the habitatsuitability of the area Remotely
sensedspatial data of the sanctuaryalong with the land use layers, and
Digital Elevation Models (DEMs) were applied, interpretedand analysed
onthe GIS platformto assesshelion habitat

2. Materials and methods
2.1 studyarea

The Girnar hills in JunagadHdistrict of Gujarat,are famoussince ancient
times as a place of pilgrimage for both Hindus and Jains The town of
Junagadhs situatedpracticallyat the foothills of Mount Girnar, the highest
peakin Gujaratstateof India with the apexelevationof 1,177.4m. In the
Girnar Forests thereare very few flat or undulatingareas Thesehills lie

betweerthe parallelsof latitudeNorth 21° 25 and21° 35 andmeridiansof
longitudeEast7® 30" and7(° 40 (DharaiyaandDharaiya 2021, Singh&

Gibson,2011). Theaerialview of the Girnarresembles circulardiscof the
diameterof 16km (Figure 1). Mount Girnar is a major igneousplutonic
complexwhich intrudedinto the basaltstowardsthe close of the Deccan
Trap period(SurbaRao,1964 Sukheswalal1982. The climateof Girnaris
semtarid with a meantemperatureand meanannualprecipitationof 25.7

0C and827mm, respectivelyalongwith morethan800 speciesf plantsand
morethan200faunalspeciesThe Girnarforestsis approximatelys0km far
from the Gir National Parkand Wildlife SanctuaryThe areaof 180km? of
Girnar wildlife sanctuary(WLS) is now known as a part of greaterGir
ecosystemconstituted for the conservationof Asiatic lion, the only
populationof free ranging Asiatic lion. Once,the forestsof Girnar were
contiguous with the Gir forest, but gradually the urbanization and
agriculturalexpansiorhaveisolatedthesetwo forestsconvertingGirnar as
anisolatedcompactpatchof forestedhabitat

2.2. Data Sources

Thesatelliteimageryof Sentinei2A of the studyareawasacquiredfrom 2g
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Figure 1: The study area overviewing the aerial view of the Girnar wildlife sanctuary

Copernicusopenaccesshub developedoy EuropeanSpaceAgency (ESA)
https//scihubcopernicussu/dhus/#/homeThe Cartosatl Digital Elevation
Model (DEM) of Girnarwildlife sanctuaryywasacquiredirom Indian Space
Research Organisation (1 SRO) @=oportal Bhuvan
https//bhuvanapp.nrscgovin/data/download/indeghp It is an interactive
versatileEarthBrowserwhich showcasesnulti-sensor,multi-platform and
multi-temporalimageswith capabilitiesto overlay thematicinformation,
interpretedfrom suchimageryas a vector layer (Bhatt et al., 2014. The
acquisition of Landsat 8 OLI data was done using
https//earthexploreusgsgov. The United States Geological Survey
(USGS) Earth Explorer dataportal is one free and openrsourceportal for
obtaining various earth imagery across available gecospatial datasets
(Leemhuisetal.,, 2016 Sundarakumagtal., 2012. OpenStreetMapOSM)
Is alsoan opensourceand a collaborativeprojectto createa free editable

mapof theworld.
29
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https//www.openstreetmaprg/#map=15/24.480372.792&layers=N  In
this study, severallanduselayers such as roads, railways, built-ups, etc,
were extractedalongwith the country and stateboundariesof Gujaratand
India from the OSM server and were digitized using ArcGIS tool
(Brinkhoff, 2016 Marsudi 2019.

2.3. Dataanalysis
2.3.1. Terrain and hydrology

The Digital Elevation Models (DEMs) are digital records of terrain
elevationsfor ground position at regularly spacedntervals The elevation
valuesof terrain are valuablefor modelling the terrain, drainagearea,as
well as studyingthe land use patterns(Shamsi& Fletcher,1994). It was
usedto computethe elevationrangeand to processseveralhydrological
functions At first, it wastakenasan input rasterto processthe Fill tool,
which resulteda depressionessrasterwith all the sinks,filled. This output
wastakenasdesiredinput rasterto processhe Flow Direction tool which
will generatehe pixel value basedon the flow path of waterfrom higher
elevationto lower elevationandalsoassignsa flow eightto eachgrid cell
in the catchmentsuchthat eachgrid cell tendsto flow only in one of the
eightneighbouringgrid cells with the steepesslope(Tarboton 1997 Teng
etal., 2020. It identifiesall the sinksin the DEM andraisestheir elevation
to the lowest level of pour point aroundtheir edge by using the eight
directionspour point model While running the flow direction algorithm,
the resulting valuesrangesfrom 1, 2, 4, 8, 16, 32, 64, and 128 which
describesall the adjacenteight directionsat a given point For processing
the Flow Accumulationtool, the outputrastersi.e., Fill andflow direction
weretakenasinput rasters Basically,in this sub-step,it calculateghe total
numberof grid cells contributingto eachgrid cell in the catchmentand
assignghis valueto this grid cell asflow accumulation(Gangodagamage
2001 Lei et al.,, 2011). After processingt, an algebraicexpressionwas
givento determinethe thresholdvalue while orderingthe streamnetwork,
where flow accumulation= > 9500 which calculatesall the respective
streamsandits branchesn the outputraster 30
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Basedon the above calculation,the calculatedrasterand flow direction
rasterwere taken as an input rasterand processedhe Streamorder tool

wherethe orderingmethodusedwas STRAHLER (Dharaiyaand Dharaiya
2021, Pradhan,2017. This function basedon the above userdefined
thresholdvalues of accumulationdelineatesthe streamnetwork for the
catchmen{(Schadeet al., 2007 Tengetal., 2020. Lastly, the aboveoutput
rasterof streamorder was convertedinto vector layer by processingthe
tool, streamto feature With this, the drainagepatternor the Streamsare
generatedUsing DEM, the Hillshadetool alongwith slopeandaspectool

(Dharaiya and Dharaiya 2021, Pareta 2011) was processedo analyse
surfacefeaturesof the studyareato correlatewith the streamnetworkfrom

the highestto lowestelevationpoints

2.3.2. Land UseLand Cover(LULC)

The monitoring of vegetation is an acceptedtechnique for habitat
assessmenflhe sentinel2A satellite consistsof 13 bandsin the visible,
nearinfrared and shortwave infrared part of the spectrumwhich supplies
multi-spectraldata and a spatial resolutionof 10, 20 and 60 m. Thus, it
makespossibleto figure out large amount of minute details of various
groundfeaturesIn orderto classifytheimage,the bandcompositefunction
wasprocessedor layerstackingto obtaina FalseColour Compositg FCC).
Maximum Likelihood SupervisedClassification was performed in the
Sentinelimageryandsix differentclassedi.e., waterbodybuilt ups,barren
lands, open forests, moderate vegetation and dense vegetation) were
differentiatedbasedon the spectralsignaturesof each pixel. Maximum
Likelihood Classificationassumedhe statisticsin eachclassin eachband
areequallydistributedanddefinesa specificclassin which the given pixel
value falls, where each pixel is assignedto the class that has highest
probability (i.e., Maximum Likelihood). The area of each class was
Interpretedbasedon pixel count and resolutionof cell. Other Land Use
layerslike roads,and railways were extractedfrom the opensourcedata
repository,OpenStreetmaps(OSM) which is usedasa serveranddigitised

in GIS environmenthroughWeb MappingServiceqWMS). A WMS
31
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definesan interfaceor a consortiumthat allows a client to get maps of
geospatialdata and can able to gain detailed information on specific
featuresshownon the map WMS canproducea map,asa picture,seriesof
graphicalelementsor a set of geographicdata, also it can answerbasic
gueriesaboutthe contentof themap

2.3.3 Estimationof Land Surface Temperature(LST)

The Landsat 8 OLI data was used to determine the Land Surface
TemperaturgLST) of the study area It consistsof two sensorsOLI and
Thermal Infrared Sensors(TIRs) in which OLI comprisesof 8 bands
locatedin the visible, nearinfrared and the shortwave infrared region of
the spectrumwhich providesthe dataof 30 m spatialresolution The TIRs
senseghe Thermalinfrared (TIR) radianceat a spatialresolutionof 100 m
with the help of two bandslocatedin the atmospheriavindow betweenl0
and12 ¢ m(Talooret al., 2021). For pre-processinghe imagery,the first
stepis to convertthe Digital Number(DN) valuesof band10 to spectral
radiance by usingthe constantvaluesfrom the metadataof Landsat8 as
shownin Table 1. Secondly,n orderto calculatethe FractionalVegetation
Cover (FVC), the NormalisedDifference VegetationIindex (NDVI) was
calculated in the Landsat imagery which is necessaryfor further
calculationsof emissivity,and proportionalvegetation(Box et al., 1989 de
Leeuwetal., 2010 Hameetal,, 1997 Hessetal., 1996 NDVI valuesvary
betweeni 1 and +1, and are undefinedwhen both &y andawgp arezero
(Rulindaet al., 2012 Tucker,1979. From the aboveoutputthe Fractional
Vegetation Cover (FVC) was calculated followed by Land Surface
Emissivity (LSE) and Land SurfaceTemperaturgLST) calculations The
LST is theradiativeskin temperaturef theland surface asmeasurean the
direction of the remote sensor,which is estimatedfrom TOA brightness
temperature$rom the Thermalinfrared spectralchannelsof geostationary
satellites Its estimation further dependson the albedo, the vegetation
coversandthe soil moisture(Alexander,202Q Becker,1987 Talooretal.,
2021). The above parameterswere calculated using the equationsas
suggestedby DharaiyaandDharaiya 2021 Figure2 showsa diagrammatic
representationf the entiremethodology 32
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3. Resultsand Discussions

3.1. Vegetatiorcover

The LanduselLand Cover(LULC) classificationshowsa greatsignificance
in detectingregionsthatarecoveredby differenttype of vegetationandthe
land use in a particular area Thus, LULC mapsare the best source of

information to the managersfor understandingthe landscapeof any
particularregion Figure 3, showsthe LULC classificationof the studyarea
which comprisesof 0.08 % (0.19 sqkm) of Waterbody, 2 % (5.67 sqgkm)

of Built-up areas which are mostly the old temples and hermitage
However,thereis no any new otherdevelopmenor built-up structurewas
recordedin the area Further,the habitatof Girnar forestwas classifiedas
the forest area with moderatevegetation49 % (117.89 sgkm), dense
vegetationll % (26.1 sgkm), alongwith 37 % (88.15 sgkm) openforest
and 1l % (1.76 sqkm) of Barrenlands Figure 4, depictsthe forest with

densevegetationcan be a suitable wildlife habitat Generally,lions are
consideredas bestexamplein predatofprey relationshipsas they usually
hunt in groups and also pondered ambush predators, choosing prey
catchability over prey abundanceandrely on concealmenturing hunting
(Hopcraft et al., 2005 Packeret al., 1990. Therefore,densevegetation
enablesthe predatordike lion andleopardto ambushtheir prey and also
providescover (Davieset al.,, 2016. vegetationll % (26.1 sgkm), along
with 37 % (88.15 sqkm) openforestandl1 % (1.76 sqkm) of Barrenlands

Figure4, depictsthe forestwith densevegetationcanbe a suitablewildlife

habitat Generally,lions are consideredas bestexamplein predatofprey
relationshipsas they usually hunt in groups and also ponderedambush
predators,choosing prey catchability over prey abundanceand rely on

concealmenduring hunting (Hopcraft et al., 2005 Packeret al., 1990.

Therefore,densevegetationenablesthe predatordike lion and leopardto

ambushtheir preyandalsoprovidescover(Daviesetal., 2016.

3.2. Hydrology

Wateris saidto be a mostimportantdriving factor in wildlife habitatand

alsoactsasa sourceof life for all theanimals
34
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Figure 3: Land Use Land Cover (LULC) Supervised classification based on forest cover

Figure 5 depictsfive streamsor water channeldlowing from an elevation
rangeof ~ 100to 300m andalsotwo of the five streamdorm the junctions
at the reservoirat an elevationof 66 and 79m. Alongside,the majority of
the denseforestsis observedn theseelevationrangeconstitutinga suitable
wildlife habitat(Figure 4). Figure 5 depictsthat all the streamsin Girnar
forest are of first order streamaccordingto STRAHLER Order stream
classifications(Pradhan,2017), and are consideredas primary or minor
streams Thesewater channelsflow and maketheir pathin almostevery
direction from the origin point As theseare of first order,hencethereare
very lesschanceof getting somewater catchmentareasand the amountof
watercarriedby eachstream Unlike the Girnarwildlife sanctuarythe other
sanctuarieof Gujarat,like JessorgMalik et al.,, 2018 and Ratanmahal
severaljunctions of streamswere identified on the basisof STRAHLER
order thatprovidesanopportunityto wildlife manageto createthe natural
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Figure 4: The areas covered by dense vegetation in the south-western part of the sanctuary. which is
situated at higher elevation with slopy terrain.

water catchmentareasor check dams So, in case of Girnar wildlife
sanctuaryartificial waterpointssuchaswildlife.

3.3. Land SurfaceTemperature

A habitatquality is often driven by the land surfacetemperatureand (LST)
influenced by the extent of vegetationand surfaceroughnessLST also
helpsin deprivingvarioussoil characteristiceandboth NDVI andLST can
actasan indicator of droughtaswell (Karnieli et al.,, 2010. In this study,
therelationshippbetweerLST andNDVI is shownin theform of scattemlot
using Landsat8 datasetqFigure 6). The LST in the sanctuaryhas been
rangedfrom 20 AC to 90 AC and the scatterplot depictsa negativeor
inverserelationshippetweenLST andNDVI. 36
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Figure 6: The Scatter plot shows the inverse relationship of Land Surface Temperature (LST) and
Normalised Difference Vegetation Index (NDVI). which implies that Denser the vegetation. lesser is
the Surface temperature. hence it induces evapotranspiration and cools the surface.
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With increasingNDVI, saydensevegetationthe LST graduallydecreases
which indicatesthat densevegetationinducesmore evapotranspiratioand
cools the surface (Price, 199Q Sun & Kafatos 2007. This plot also
suggeststhat decreasein LST with increasein NDVI should not be
interpretedas a sign of vegetationstressand henceLST could be a great
determining factor to help in improving and understandingthe water
availability, to aid resourcemanagementind improve weatherforecasts
(Guhaetal., 202Q Sun,2008.

4. Conclusion

Remote sensing and geospatial analysis techniquesmay prove as an

effectiveandadvancedool to conservehe naturalresourcesuchasforests
andwater In presentstudy,the foresthabitatof Girnar hills andthe water
channelalong with the Land SurfaceTemperaturehereinwere analysed
and mappedto understandthe lion habitat The outcomesthus, can be
utilized for furtherassessmengvaluationand monitoringof this habitatfor

the conservationof Asiatic lion and its associatedauna Alongside, the

inverserelationshipof LST-NDVI will might come handyin determining
future environmentalplanning to maintain the vegetationdensity in the

sanctuaryThe waterchannelsassessecdhight help the forestdepartmento

manage the water resourcesduring the dry seasonthrough water
conservationstructures The ability of GIS to capture,store and manage
every type of datasetshas proved that the outcomesdeprived are self

understandableand self-explanatoryto the laymen and personswho are
unfamiliarwith theseemergingtechniquesAt alongterm,theadvancingn

habitat managementusing gecspatial technology will help the forest
managerto formulatethe future conservatiorandmanagemensgtrategies
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M. Sc students have carried out their
geological field work in various parts of the
Kachchh district during 18" to 24" December,
2021under the guidanceof Dr. P. M. Solanki.

B. Sc Sem VI students have carried out
Geologicalfield work at the Abu road and
Ambaji areaduring 22" to 25" December,
2021 They have beenguided by Dr. H. V.
Majethiya.
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Dissertationfield work of M. Sc SemlV studentshavecarried out
in parts of Dahod district during 029 and 3 January, 2022under
the guidanceof Dr. P. M. Solanki of the Geologydepartment.

B. Sc SemIV studentshave carried out Geologicalfield work at
Himmatnagar, Bhiloda and Shamlaji area on March 16, 2022
They havebeenguided by Dr. P. M. Solanki.
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Patel,DeepD., Patel,ShreekumarM. and Solanki, Paras M.
(2022 MineralogicalandGeologicaldiversity of Vavilov crater
derived using Remote Sensingdata Abstractacceptedn the
539 Lunar and PlanetaryScienceConference(LPSC) held at
Houston,Texasfrom 7th -11th March,2022

Patel,DeepD., Patel,ShreekumarM. and Solanki, Paras M.

(2022 Mineralogical and Geological diversity of Philolaus
craterderivedusing RemoteSensingdata Posterpresentedn

3'd Indian PlanetaryScienceConferenc€lPSG2022 organized
by Physical ResearchLaboratory (PRL), Ahmedabadduring
14-16 March, 2022

Patel,DeepD., Patel,ShreekumarM., Solanki, ParasM. and
Majethiya Heman V. (2022 Diversity and inclusion in

GeosciencePaperpresentedt AdvancinglDEAS in Planetary
Scienceby the Lunar PlanetaryInstitute from April 25-29,

2022

Ms. Siddhi Patel of Geology DepartmentreceivedProf. S.
Mukherjee Gold Medal from the Gujarat University as she
securedhighestmarksin M. Sc. Geologyfor theyear2021-22.

The studentsof T. Y. B.Sc andM. Sc of GeologyDepartment
haveparticipatedandreceivedcertificatesat dNational Science
Day Exhibition-2022 organisedby IQAC, M. G. Science
Instituteon 28" February2022

Ms. Shreekumari M. Patel got selectedfor PostDoctoral
Fellow in Researchand DevelopmentDivision of Khalifa
University,Abu Dhabi(February2022onwards)
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Ms. Siddhi Patel
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Dr. Shreekumti Patehas
compl eted her
Sensing studies of Lunar Mare B
and its comparison with Basalts
Guj arato from t
December 2021 under the guidan
Dr. P. M. Solanki -

at

Congratulations..
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Dr.Rahul GGayakv
completed his Ph. D. degree on
oPal aeoenviron
based on Sedimentology and Ic
of Keera Dork@chchh Gu j a
from the Gujarat University in ‘
December 2021 under the guidance
Dr.P. M. Solanki

Congratulations..
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