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15 | Abstract: The atlas, Geology from Space, presents glimpses of the EOS-4 (RISAT-1A) data utilized to delineate diverse geological structures like

faults, shear zones and lineaments. The geological landforms encompassing glacial, fluvial, aeolian and coastal origins, from across the globe, are
included in this atlas. The Fine Resolution Stripmap (FRS), Medium Resolution ScanSAR (MRS) and Coarse Resolution ScanSAR (CRS) modes of EOS-
4 data was used to generate the FCCs for diverse geological features.
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MESSAGE

India’s journey in the domain of microwave remote sensing began with the launch of the microwave radiometer SAMIR onboard the
Bhaskara-1 satellite on 7 June 1979. With the launch of IRS-1A in 1988, our optical remote sensing program has taken huge strides in the
science and applications of earth observation.

The tropical weather and Indian monsoons cause cloud cover over the Indian subcontinent for a significant part of the year. This causes
hindrance to optical remote sensing. The RISAT Series of satellites, with RISAT-1, 2, 2B, 2BR1 and 2BR2, has successfully demonstrated
the capability of all-weather imaging in the microwave domain of C and X bands. The RISAT-1, an indigenously developed satellite, was
effectively used in the field of earth observation applications i.e. agriculture, water resources, forestry, geology and disaster management.

On February 14, 2022, the Indian Space Research Organization (ISRO) launched EOS-04, an Earth Observation Satellite, continuing the
legacy of the RISAT-1 series. Among its diverse applications, EOS-04 plays a pivotal role in geological mapping. This “Geology from Space”
atlas offers insights into EOS-04 imagery, showcasing geological features from various regions within our geologically diverse nation and
also highlighting intriguing geological features from around the world. | congratulate National Remote Sensing Centre (NRSC) Hyderabad,
for bringing out this atlas and | hope that it successfully demonstrates the EOS-4 sensor capabilities and benefits the user community.

(S. Somanath)
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FOREWORD

The far-reaching use of the remote sensing satellites for monitoring and management of national natural resources are the one of the
prime objectives of all the space programs of India. The microwave satellite sensor was added to the Indian space technology through
the RISAT Series of satellite, with RISAT-1 and 2, demonstrating the capability of the all-weather satellite in microwave domain of C and X
bands, respectively. The RISAT-2 was dedicated for the strategic applications, whereas the RISAT-1, an indigenously developed satellite, was
effectively used in the field of agriculture, water resources, forestry, geology and disaster management.

The EOS-04 or Earth Observation Satellite - 04, launched by Indian Space Research Organization (ISRO), on 14 February 2022, is a follow-on
mission to the RISAT-1, launched in 2012. The satellite carries a C-band Synthetic Aperture Radar (SAR) with various imaging mode varying
from Fine Resolution Stripmap (FRS) to Coarse Resolution ScanSAR (CRS) mode and with varying polarization. The high resolution, multi
polarized data of EOS-4 finds it's wide range of utility in the crop monitoring, forest management, flood inundation monitoring as well as
for the geological mapping of structures and landforms for the user community.

The geological atlas, compiled by NRSC using EOS-4 data, offers valuable insights to the scientific community, particularly those in the field

of geology, and encourages the effective utilization of EOS-4 (RISAT-1A) data for geological applications.
Gsbog

(Prakash Chauhan)
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PREFACE

Applications of microwave data for geological applications are proven by RISAT-1 and other available satellites like RADARSAT, ALOS PALSAR,
etc. As the electro-magnetic energy from radar is capable to penetrate through surface cover, it is utilized to delineate the subsurface
features like fault extensions, buried channels, etc. Such information is useful for geo-engineering and hydro-geological planning. Further,
the sensitivity of the radar data to the texture and dielectric properties helps in delineating the lithological and landform units, which serves
as a base information for any geological studies.

The microwave SAR imaging is sensitive to the effects of topography, surface roughness and moisture, which makes it suitable for a wide
variety of scientific applications. In past decades, microwave remote sensing has become an integral part of investigation for understanding
and addressing various processes in geosciences applications. SAR data are widely used in geological studies such as delineation of
geomorphology, lineaments, detection of potential zones of buried river channels, glacial, mineral exploration and disaster response

studies. Dual polarization images of EOS-4 (RISAT-1A) MRS data in different regions of Indian sub-continents were analyzed to map various
geological features.

The atlas illustrates the diverse geological structures and landforms like glaciers, fluvial, deformational rock/structure controlled units across
the world. | extend my congratulations to the Geosciences Group at NRSC for their significant contributions in producing this informative
atlas. | hope that geoscientists in our country will find it highly valuable and informative.
L | y
(

K.Sreenivas)
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Background - Earth Observation Satellite EOS-4 (RISAT-1A) Specifications of E0S-4 (RISAT-1A) Imaging Radar

12

The .Earth Observation Sate!lite-04 (EOS—4) is a foIIow—uP EOS-04 FRS-1 FRS-2 MRS CRS HRS
mission to ISRO’s Radar Imaglng Satellite-01 (R|SAT—1) and is (StrlpMap) (StrlpMap) (ScanSAR) (ScanSAR) (Slldmg SpOtllght)
equipped with a C-band Synthetic Aperture Radar (SAR). It Frequency (GHz) 5.40
was launched from SDSC, SHAR, Sriharikota on February 14, Orbit Sun synchronous (6 AM - de- i;:'ﬁmgl(m) (2*52I8rlr(1m) (z*szlérpm) (1*6101 I;Tm) (2*2136|§Tm) 15 km
2022, aboard the Polar Satellite Launch Vehicle (PSLV-C52). scending / 6 PM - ascending)
EOS-4 can image in all weather conditions, day and night, Orbital altitude (km) 524.87 Polarization Single, Dual, Circu- Si‘ngle, Dual, Si.ngle, Dual, Si.ngle, Dual, Single, Dual, Circular
and provides continuity of C-band SAR data to the user lar, Full Pol Circular, Full Pol Circular, Full Pol Circular, Full Pol
community. Orbital inclination (°) 97.5
EOS-4 (RISAT-1A) is intended to support a wide range of Orbital Period (min) 95 Resolution 3mx2m 3mx4m 33mx8m 50m x 8m Tmx2m
applications in agriculture, forestry, flood mapping, soil Look Angle of operation (°) 11.5-496 Azimuth x Slant
moisture, hydrology, change detection, man-made structure Antenna Roll Bias (%) Py Range (m)
delineation, and oceanography. The images featured in this - Repetivity (days) 139 - 17 17 -
volume are derived from EOS-4 (RISAT-1A) scenes shot in MRS Swath (km) 15-223 Worst Siama - - T T e
mode. A wide range of medium resolution applications and Spatial Resolution (m) 1-50 Naught (gdB) S = = < <
polarisation combinations have been used to demonstrate
the utility of such datasets. Off-Nadir (km) 100 - 650 100 - 650 100 - 650 100 - 650 100 - 650
*Full Pol (*100-400) (*100-400) (*100-400) (*100-400)

¥FRS- Fine Resolution Stripmap; MRS- Medium Resolution ScanSAR; CRS- Coarse Resolution ScanSAR; HRS- High Resolution Spotlight.
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Potential Usage of SAR Data in Geosciences Applications

Over the years, microwave remote sensing has become an integral part of investigation for understanding and addressing various
processes in geosciences applications. Due to all weather data acquisition, side looking geometry, high terrain sensitivity (textural
variation and surface roughness), and penetration capabilities, microwave (SAR) data as they are directly related to the physical
properties of theimaged targets, are widely being used in geological studies. Some of the utilisation of microwave data for geological
applications such as delineation of geomorphology, lineaments, detection of potential zones of buried groundwater sources, mineral
exploration and disaster response studies are described below:

Lineaments/Structural Mapping: Lineaments are the linear-curvilinear structural discontinuity surfaces that are key indicators for potential
groundwater storage/accumulation and movement as well as prospective zones for geological exploration. Side looking imaging geometry
and ground penetration capability of SAR enhances the structural signatures of the lineaments (folds, joints, fractures and faults) even if it is
covered by vegetation/forest canopy or soil cover.

Geomorphic Mapping: Geomorphology is the science concerned with relationship between landforms and the processes presently acting
on them.The side looking geometry of radar enhances the micro-topographic feature that helps in detection of geomorphic units. In addition,
polarisation (co and cross) brings out scattering and surface roughness characters of landforms. The landforms are categorised below based
on the geological processes:

Coastal & Deltaic landforms: Coastal landforms found along the coastline as a result of combination of erosional and depositional processes,
and the geological structures of the coast. A deltaic landform is a low-lying area formed by sediment deposition, where rivers reach the sea
or lake. Radar’s surface penetration capabilities, soil moisture sensitivity, and surface roughness sensitivity enhances the scope for detection
and delineation of the landform units.

Earth Observation Satellite EOS-4 (RISAT-1A)

Fluvial & Aeolian landforms: Paleo/ abandoned /buried channels are the remnant river/stream courses that flowed in the past and have
been currently filled or buried by younger fluvial or aeolian sediments. The surface flows cease to exist but the base flows continue in the
paleochannel, act as a major source of groundwater in the arid and alluvial regions. Surface penetration capabilities, soil moisture and
surface roughness sensitivity of radar, enhances the scope for detection and delineation of shallow buried channels.

Glacier landform & dynamics: Glaciers the rivers of ice, flowing by the influence of gravity, are considered as an essential climate variable
(ECV) for their sensitive reaction to changes in climatic conditions. Due to high terrain sensitivity, side looking geometry, penetration
capability and scattering variation in different polarisations, radar data are widely being used in glacier studies ( e.g. glacier geomorphology,
glacier-radar facies detection and glacier velocity dynamics).

Lithology Mapping: The direct utilization of SAR data for lithological mapping is limited. The sensitivity of SAR signals to surface roughness
can be used to infer the lithology. The lithological contacts can be inferred from variations in surface roughness caused by differential
weathering of rock units.

**In addition to above mentioned applications, EOS-4 (RISAT-1A) has an opportunity based (R&D) capability to estimate ground
deformations due to landslides, volcano, earthquake, active fault and land subsidence using Differential Interferometric Synthetic
Aperture Radar (DInSAR) technique.
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GEOLOGICAL STRUCTURES

EOS-4 (RISAT-1A) images for delineating lineaments
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of Structural
Geology, 29(8),

Indus Subare Zona Ladakh Tersne  Warmkoram Torrana pp.1315-1326.
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HRIBIRA Bice Yal HRIBIRHA, A § R 8 1 I8 HRIGRA iR oer@ I v The Karakoram fault is located in the Eastern Karakoram, Ladakh. It appears
SIS B §Y SWIE R IR Ua W o & wU ¥ fow@rg 3ar 8 | wiee @t T as a prominent feature on satellite images, separating the Karakoram and
SiaTs 510ufhH &, ST U fIeneT hofiie Bice S 9T &, S qau-gaur ¥ 139w Ladakh range. The fault has an overall length of 510 km forming a huge
&= & YT <t s, aERe gfiedior  YRa-d W1 & o Rera &1 Sellw4  conjugate fault zone, which is prone to seismicity. The Pangong Tso lake in
THIIRUY STl W ©Y A Biee b W1 S geiar 1 the area, is strategically located along the Indo-China border.

The EOS-4 MRS data clearly shows the extent of fault along the valley.

s 8 B e = - A e = .. Lol

MRS FCC:
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Alwar Group (Quartzite, Conglomerates)
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B T W AEE & AR $i I g8 U=l 317 I 3T ot iR Bieeww/
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22

Source: Bhukosh, GSI

The area is located in the southern part of Alwar District ,Rajasthan,
representing the rocks primarily of Aravalli range, with an excellent arch
type folded mountain belt (North Delhi Fold Belt). The rocks consisting
of quartzites with inter-layered schists and phyllites, impure marble and
granites. The quartzites forms the relict hills, with distinct folding and
deformations.

The EOS-4 image shows a distinct arch-shaped folded hills and the faults/
discontinuity towards the right limb.

Earth Observation Satellite EOS-4 (RISAT-1A)
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Source: Kutch University, Gujarat

The Great Boundary Fault (GBF) is a major structural contact between
Vindhyan and Aravalli Supergroup of rocks, located in the south-eastern
Rajasthan along the Bundi-Sawaimadhopur hills. The Great Boundary
Fault is a NW dipping thrust fault, comprises of different types of folds,
ductile shear zones, and multiple sets of fractures and faults. EOS-4 MRS
clearly depicts the folded beds and faults within the Vindhyan sandstone-
limestone beds.
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faper WATT  DEFORMATIONAL STRUCTURES

-'E-TFish-hook"shépe intrafolial fof't':l-t_Fain in
quartzite-metapelite band, Lunavada region.

Source: Joshi et al, 2019, https://doi.org/10.1007/s00531-018-1639-1

:?fnirlsT T Dl 9= I /U A FW@IEonse R Admed 9 a4 &, S The Lunawada group of rocks are mainly comprises of quartzite and
ORI & SR 9T H UTS A & | diefithol BifesT 3R Bifee T & SR Afga metapelites, exposed at Northern part of Gujarat. The array of unique
foeuureRt TS AREEmRI B SEdr o9t S wadl § | F@csge R (ridge) deformational “meso” structures can be seen within the group of rocks. The
- ST § Sieih RIS (schist) MU 4 O[S §Y €14 € | quartzite forms the ridges while the schist belts are interbedded .

. i AICTAIZE (quartzite) BT ST T TX TIITH-4 BT ¥ 3resl TRE W <l I | The folded bed of quartzites are well seen in EOS-4 image. The z-type s-type
B H 2 UBR, s-UbR Bl Bless fe@rs < &l | folds are visible in the image.
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The Tripura-Cachar fold belt represents the frontal fold-belt of Assam and
Arakan Basin.The belt comprises of long linear tight N-S trending anticlines
separated by broad synclinal troughs. This fold belt, is spectacular in the
Indian sub-continent, evolved within a compressive stress field generated
by the eastward drift of the Indian plate during late Tertiary. The folded

belt is significant for the potential oil and gas occurrences, which can be
visualized in EOS-4 image.

| TRIPURA

5
tu

MRS FCC: H G \'H

i
s
®
oy
C ik
£
S
n oy
=
i
A




Geology From Space

A>T

NAGA-THRUST

Source: GELEK
T.Ghosh etal 2022 ' ™ ’

HACIAN" B DIHING

I CIRUJAN CLAY

[ TiFAM SANDSTONE

N SURMA ToE

. RENS T

[ JENAM

1 LAISONG

== [MBANG THRUST

== HWONGAN THRUST

CHOLIMSEN THRUST

== LAKUNI THREUST
MAGA THRUST

2J N ASSAM

AT IRT do<, BIRBIS! (SThT) AT BT T APHIVT, oTFT &7 8, S ATTeiS Iod
3 &R 200 . SRS SO-gdt v Sfror-uf¥e feem o e gon B | I awi-
 IRTH Bics dec Dl A qTet G- faacite (@ei-caeif~e) sH1s &7 161

T e |l

AR R< 3R fAiT oRe & Taud iR Tadt gdinur & GBIkt deX daieT
(THHIRAT) Ufifda BT UT B S3MTH-4 ST ¥ HiHifeha fhar mr g |

30

The Naga thrust belt is a narrow, elongated zone of imbricate thrust,
extending for about 200 km trending NE-SW direction in the Nagaland

state. It constitutes the outermost morpho-tectonic unit of Assam-Arakan
fold belt.

The Naga thrust and the Disang thrust are demarcated in the EOS-4 data
using the False Colour Composite (FCC) image of HH and HV polarisations.
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The FCCimage of EOS-4 helps to discriminate different rock types based on
their surface roughness and textural variations.
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The Narmada-Son (NS) lineament, which runs east-west direction along the
Narmada river, is one of the most notable lineaments in central India. Some
of the geological formations found in this area include alluvium, Vindhyan
(Upper Proterozoic), Gondwana (Upper Carboniferous), Mahakoshal rocks
(Upper Precambrian), and crystalline basement.

This mega lineament is clearly seen in the EOS-4 image.

MRS FCC:
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SAN ANDREAS FAULT
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Source: https://pubs.usgs.gov/fs/old.2003/fs039-03/

The San Andreas fault is a seismically active continental strike slip transform
fault, which extends about 1200 km through California, United States. It
is the tectonic boundary between Pacific and North American plate. San
Andreas lake has been formed due to extensional step over of the fault
zone.

Side looking geometry of EOS-4 MRS data highlights the structural
landforms related to the regional fault.

MRS FCC:

Earth Observation Satellite EOS-4 (RISAT-1A)
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RICHAT STRUCTURE

Mauritania ‘

Source: Abdeina, E.H., et al (2021).
Geophysical modelling of the deep
structure of the Richat magmatic
intrusion (northern Mauritania):
insights into its kinematics of
emplacement. Arabian Journal of
Geosciences, 14, pp.1-13
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The Richat Structure, also referred to as the Blue Eye of the Sahara, is
a geological structure in the Sahara Desert and is situated in the centre
of Mauritania. At the surface, it appears as a 40 km wide, elliptical-
shaped depression that is surrounded by paleozoic sediment ridges.
The geophysical modelling of Richat Structure suggests deep magmatic
intrusions. The EOS-4 CRS data shows the concentric rings mainly gabbro
rocks and the sedimentary deposit around the Richat structure.
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| ffBaiT ®ice 6 7@ TEH-RaU (TaX) ®iee & 9 99 & Sux-uRew aikw The Pigiang Fault is a prominent strike-slip (tear) fault that laterally
J. AR F BT 3 o S &Y fafora sxar € | Sue Rt RifaiTwiee, SWR- - partitions the Keping Shan Thrust Belt in the NW Tarim Basin, China. In
‘ gf¥e -2 S forfererie & wu & W fewrs 2ar g, Ry 70 it S aiffrp e @ satellite images, the Pigiang Fault appears as a sharp, NNW-SSE lineament
L SR Rae b S waar 7 | that can be traced for more than 70 km. The EOS 4 MRS data shows the
| $3MTH-4 THARTH ST WEH-ReAT Biee 3 W1 3R Aol F waFir qersdl  extent of the strike-slip fault and the offsets in the sedimentary rock units,
TSHT F R BY guiiar ¥ along the ridges.
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EOS-4 (RISAT-1A) images highlighting lithological contrast
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T USR8, dewr 9T iR 39% ofurd 7 3nf¥e Wfer ¥eR & forg In peninsular India, Cuddapah basin and its environs possess good
YASID ST & | 31T I [T TQ ST | uar Il & fh et Siarsel  geological favourability for economic mineral deposits. Investigations so far
R H 3R HsWT YURYY & ol TR § WaeR weT aSs deiHe-gRes  have revealed the strata bound carbonate-hosted uranium mineralization

7 @feeT 81 QEY gdigpd $eiuw-4 SeT &) g9ae f=iar &1 SwaRT +¥ in the Vempalle dolomitic limestone, confined to the lower part of

, FAICSISe, wicl TR 3R Afhes Uare &1 aamus e dua 2| the Cuddapah Supergroup. Broad differentiation of dolomite, quartzite,
shale, and mafic flows are possible using textural variation of dual polarised

EOS-4 data.
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&1 e Jux U, g &) 9w 991 3iR A1t aered! ¥ | oRaA- A ueer - The Vindhyan Supergroup of India is one of the largest and thickest
5t ¥tT & T fen acqam ueeR uTaT T # | fden guRyu & SR iR faraggem  sedimentary successions of the world. It is exposed near Rajasthan-Madhya

IR T B ¥ Tl & AR WS UoR & HY § SAFR AT ¥ Pradesh border. The Kaimur and Rewa sandstones of Vindhyan supergroup
7-4 STT, FHY P IRl TR 3M¥ TiEft AR aier & Sov & fJeos gurgu ot are primarily exposed as fractured plateau with escarpments.

EOS-4 data highlights the fractures in Kaimur sandstone and the monoclinal
structures of Vindhyan Supergroup, north of Gandhi Sagar Dam.

MRS FCC:
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EOS-4 (RISAT-1A) images to map geomorphic units in
various geological provinces
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HRTE, Vb TS BT Uh WUT & Sl Uh TARRIR of SIIaT € 3R ST &xar & a8 A moraine is an accumulation of rock debris that a glacier carries and

Glacie ﬂ"c'*
IR TR & fBTRT & ATer, B3 & A, 3R 3HP 3HRT WR S Hie degarar  deposits; it frequently appears as ridges of unsorted till along the glacier’s LB LU
8, I Ifiiepe ST I | 519 TRAR HerdT ST ST &, 5 bR # =i edges, along the floor, and at its front (Snout). When the glacier deposits -
T dicsy (SiT AR IR W AT IRIER &l 8) A e Xa iR ffi g gla €, st the material, which ranges in size from blocks or boulders (which are
TP B & AR PIS WifewT ar afgw 7} fewns ued €1 s ST UGR & typically faceted or striated) to sand and clay, and exhibits no sorting or
ARTSA &, RH USs, <fimd, deve SiR Rave AREs A €1 bedding. There are different types of moraines, including ground, terminal

and lateral moraines as shown in EOS-4 image.
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Source: https://earthobservatory.nasa.gov/images/146709/denman-glacier-losing-some-of-its-footing

The Shackleton Ice Shelf is located east of David Island, Queen Mary Land,
and is reached by the glacier Denman Glacier, which is 11 to 16 km wide
and descends roughly 110 km to the north. Under the Denman Glacier in
East Antarctica, scientists have located the deepest spot on the continental
Earth. The Denman’s catchment is located in the Aurora Subglacial Basin
and holds enough ice to cover 1.5 metres of the world’s sea level. The EOS-
4 data shows glacier with deep crevasses near its tongue and the distinct
contrast between permanent ice and melting ice body.
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g7 "1, StRIES § Riarfere iR o e (R ¥97) & &t Rerd v siax- Doon valley, an intermontane valley lies between Siwaliks and Lesser '. : : PLAIN >
T T1et € | S fRATera theot aRe (Taukhel) iR g uRiT ove (Tadidh @ Himalaya (Mussoorie range) in Uttarakhand. Bounded by Himalayan Frontal : _ i

foRT & | g7 a1t 7 3remae & forg sdsnferes ufharsii & wH-fdwr ot s uRaféa Thrust (HFT) and Main Boundary Thrust (MBT), Doon valley preserves the
&, P Wikt fewrera & fFmfor &1 W o7 wwar ¥1 $eigw4 @t |igs gfbm  imprint to study the evolutionary geological processes that has resulted

ST SiR Sea 9T Hae-Teliear & SR WS iaRTd 3R -3mdfae  in the formation of Indian Himalaya. Due to side looking geometry and
Hehdll # GUR g3 T | high terrain sensitivity of EOS-4 structural discontinuities and geomorphic

signatures get enhanced.
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Source: Soibam, I., Khuman, M.C.
and Subhamenon, S.S., 2015.

£ - Np Sediments (MR | tndo ~ Myasmar Ranges Ophiolitic rocks of the Indo-
EEE] g - Up K Scdimeats [[C07] Chisdwin (Residual Forcarc, RF) Basia Myanmar Ranges, NE India: relicts
[ R — [MVA] Myanmar Volcanic Are of an inverted and tectonically

. — imbricated hyper-extended

|| Oeeasde Crast 18 | Irrawaddy Bas
|L|‘IJ_L1 e L] ety Bnte continental margin basin?. Special
[SAC] secondey Mant Convectonholl Back (RB) [ 55 ] shan Scarp Publications, 413(1), pp.301-331.

SSI-g1 i AR YR SiiT 39 Wie THE & U 3’ RPiS Hraviwvar  The Indo-Burmese plate margin preserves an invaluable record of the

T | i 3R AREAT® fRINaT wie Aifse W frbedr @ aga wifaa @t &1 India-Asia collision. The geological and structural features are strongly

THYG 3R Z1T AP FISHIT Sl $ AT SS-a9ray Yo (Sahr), frsfaa IRk influenced by proximity to plate margins. The evidence of collision, forearc

(PIR3MMH AR, AR AT 3% S ©U F U< 3 gd 31 X geng g &1 basin and volcanic arc subduction are represented from west to east, in the

S3MTN-4 STT W ®Y A - &3] P AT DaT ¥ 3N fe@mar € | form of Indo-Burmese range, Chindwin basin, the Myanmar Volcanic Arc
respectively. The EOS-4 data clearly shows contrast in structural fabrics of
fore-arc regions.
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The Brahmaputra, one of the largest rivers in the world, has a distinct
drainage pattern in Assam. The Brahmaputra and its tributaries are mainly
braided in nature in Assam plains. Along the southern bank of the river,
a distinct meander belt, with the cut-off meanders, ox-bow lakes and
meander scars can be seen. The EOS-4 data shows a distinct meander
patterns and various flood plain features within the Brahmaputra Valley.

MRS FCC:
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Source: https://www.pinterest.com/pin/179018153908601408/)

Mangrove swamps in Sunderban are formed by the growth of mangrove
trees due to their salt resistance nature in a brackish water environment.
They retain sediments and stabilise the soil in the intertidal areas
by reducing erosion during storms and floods. The green colour in FCC
image of EOS-4 data highlighted the dense mangrove in cross-polarization
(HV) due to volume scattering.

Earth Observation Satellite EOS-4 (RISAT-1A)
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ALLUVIAL FAN

Schematic Diagram of alluvial Fan
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The conical-shaped Kosi Mega-fan in north Bihar (part of eastern Ganga
Plains) is one of the largest fluvial landforms of India. Numerous paleo-
channels within the fan represent westward migration of the Kosi River
during the last 200 years.

The EOS-4 data highlights the high moisture areas within the fan, which
helps to differentiate between the flood plains and older alluvial plains as
well as the delineation of paleochannel.
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The coastal landforms of Gulf of Kutch, Gujarat are results of erosional and
depositional landscape created by ocean waves. The textural variations of
EOS-4 dual-polarization data, helps in identification of mudflats, salt pans,
offshore islands dominated by mangrove swamps.

The EOS-4 temporal capability highlights the changes along the coastal
zone near Jamnagar, during the high and low tidal conditions.

MRS FCC:

—

GULF OF KUTCH .

Offshore Islands

Earth Observation Satellite EOS-4 (RISAT-1

b

Ly

T -

AT %ﬁ; Spia

65



E Geology From Space

DELTA

Vijayawada

T R —————
——

swamp

25 km

SeeT (AW ) I FEagel -emphoal § 9 UF €, Stet 7<) wqsrEhat F gaer
S & | I U Frelr Hart & &, S 30 WU 9 76 & e W gRI-STT dose
W g1 ¥ | 3778 U< H HON ST U g8-Fe Aol gRT (Hfia Seer 7, rwi faftre
Scel Y-3piy oii-Rue, IR IR, fa RS @e w9, Pie Acab e e ¥ 19
Y-STHIAT BT NTH-4 T B THHRA afifda 7 Wwifea fear mr 1

66

(Source: Kakani et al., 2013)

Deltais one ofimportantlandforms produced where ariver enters sea/lakes.
It is a low-lying plain that is mainly composed of stream-borne sediments
deposited by a river at its mouth. The Krishna delta in Andhra Pradesh is
a bird-foot riverine delta with conspicuous deltaic landforms such as spit,
barrier bar, beach ridge swale complex, creek network etc. These landforms
are demarcated in FCC image of EOS-4 data.

MRS FCC:
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Source: https://www.nccr.gov.in/sites/default/files/Gulfofkhambhat.PDF

The Gulf of Khambhat is an oblong conical-shaped gulf in Gujarat’s coast.
Many rivers, including the Sabarmati, Mahi, Narmada, and Tapti, drain into
this gulf and form estuaries. Its shape and orientation are attributed by
tidal effect towards the inner gulf. Salt Pan, young coastal plains, estuarine
landforms etc. are highlighted in FCC image of dual-polarised EOS-4 data.
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(Source: McCarthy et al., 2012)

Okavango delta is situated in north-west Botswana and one of the very
few significant interior delta systems intact with a wetland and does not
flow into a sea or ocean. It is also known as endorheic delta, its waters drain
instead into the desert sands of the Kalahari Basin. This delta comprises of
permanent marshlands and seasonal flood plains. The EOS-4 images can
demarcate the permanent swamp and seasonal swamps based on the soil
moisture content.
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Source: Downie et al., 1956. Geology of Kilimanjaro. Nature, 178, pp.828-830.

The mountain Kilimanjaro, located on the border between Kenya and
Tanganyika, has unique geological attention. It is the highest mountain in
Africa and one of the world’s largest volcanic mountains. Kilimanjaro is a 40
x 60 km elliptic structure with three evenly spaced centres. It is supported
by a floor made of the Mozambique Belt of Precambrian basement rocks.

The EOS-4 data covers the entire volcanic belt, showing distinct Kibo-
Clader and lava flow rills.
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Geomorphology map: Bhuvan NGLM

The area near to Chambal River extends within the three state boundaries
(Rajasthan, Uttar Pradesh and Madhya Pradesh), dominated with the fluvial
landforms and enormous badlands in the form of ravines and gullied land.
EOS-4 MRS data demarcates the bad-land/ravinous landforms due to
high surface roughness resulting in high backscattering. Along the river,
near Dholpur, a Palaeo-channel can be delineated, which signifies the
geomorphic evolution of the area.
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Wind action results in various types of dune formation (longitudinal,
transverse, parabolic, barchan, etc.) from simple to complex and identified
by their characteristic geometrical shape.Thar desert has a vast sandy tract
covering ~4000 sq.km, consisting of various types of aeolian landforms.
Side looking geometry of EOS-4, along with its penetration capability and
sensitivity to surface roughness, enhances detection and delineation of
various aeolian landforms.

Earth Observation Satellite EOS-4 (RISAT-1A)
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Schematic Architecture of braided river (Zang et al 2020)

Braided rivers are a type of river that form a network of many branches
within a channel. They often form when the bed-load sediment is high
compared to the suspended load, which then helps the development of
bars, creating the braided character. Teesta River, originates from Sikkim
glacier and flows in West Bengal to Bangladesh, finally meeting with
Brahmaputra River. The river shows braided character near Darjeeling,
where network of braid bars and channel bars are formed which can be
observed in satellite (EOS-4) data.
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Source: Image from Space (ISS)

Impact crater are the unique geological landforms formed due to extra
terrestrial impact of meteorites. In Ouarkziz, north western Algeria (close
to Morocco), imprint of this landform is being exposed. A 3.5 km wide well
defined ring (open towards south)formed by a meteor impact during late
Cretaceous period of the Mesozoic era. The impact occurred in the NW-SE
trending folded Carbonaceous sedimentary (limestone-shale) sequence,
resulting in the formation of Ouarkziz crater, which is being eroded by the
stream channel thereafter. The EOS-4 data shows distinct crater boundary
and faults in the region.
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