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Abstract

India is a storehouse of fascinating and exquisite landforms and landscapes. On account of
varied geology, structure, tectonic history, climatic variability and a long coastline there is
immense diversity of landforms (geodiversity). In the Indian context, notwithstanding the
fact that a detailed inventory of geomorphosites/geoheritage sites important from the
viewpoint of geotourism is awaited, the subcontinent’s outstanding geodiversity and
extraordinary geoheritage is very well recognized all over the world. The Himalaya, the
Indian Peninsula and the Deccan Traps have a special place in Earth’s geological history.
These outstanding landscapes, along with other prominent terrains and landforms have
special conservation value that needs to be recognized and conserved as geoheritage to meet
the present and future scientific, aesthetic, cultural, and socio-economic needs of over a

billion people living in the subcontinent.
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1 Introduction

The Indian subcontinent is dotted with numerous ancient
temples, medieval forts and hill resorts. Virtually all of
these tourist and/or pilgrimage sites are places of unparal-
leled natural beauty and more often than not are associated
with specific, sometimes outstanding, landforms or land-
form assemblages (landscapes). From historical times these
landforms or landscapes have acquired great value for
cultural/historical, defense, aesthetic, ecological, socio-
economic and/or scientific reasons. Such sites or areas are
designated as “geomorphosites” (Panizza 2001; Reynard

V. S. Kale (X))

Department of Geography, University of Pune,
Pune, 411007, India

e-mail: vskale.unipune @gmail.com

V. S. Kale (ed.), Landscapes and Landforms of India, World Geomorphological Landscapes,

and Panizza 2005). Further, as these natural features have
been transmitted or inherited from the past, they are
described as geoheritage (Brocx and Semeniuk 2007).

On account of varied geology, structure, tectonic history,
climatic variability, altitudinal variations and a long coastline
there is immense diversity of landforms or geodiversity.
Geodiversity, as an indicator of the abiotic richness, has been
defined by Gary (2004) as the natural range (diversity) of
geological (rocks, minerals, fossils), geomorphological
(landform, processes) and soil features. It includes their
assemblages, relationships, properties, interpretations and
systems. The Indian landmass is a storehouse of fascinating
landforms and landform assemblages (landscapes). Examples
of outstanding and prominent landscapes in the subcontinent
include the tallest and youngest mountain ranges in the world
(Himalaya), the hot and cold deserts (Thar and Ladakh,
respectively), glacial landforms (e.g. Nubra Valley, Lahul-
Spiti Valley), vast riverine plains (Ganga Plains), an outsized
river (Brahmaputra), large volcanic province (Deccan Traps),
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Fig. 1 Map showing the locations of potential geomorphosites in
India. The geosites identified by GSI (as National Geological Monu-
ments) and the World Heritage Sites in India and Nepal and described
in the text are also shown. Numbers correspond with geomorphosite
numbers given in Table 3. UNESCO World Heritage Sites in India and
Nepal—ND Nanda Devi and Valley of Flowers National Parks, CT

the Great Escarpment (Western Ghat), picturesque lakes and
lagoons (e.g. Dal, Nainital, Loktak, Chilka, Pulicat, Vemba-
nad), a large saline marshland (Rann of Kachchh), and wide-
spread granite landforms (e.g. Hampi, in Karnataka). In
addition, there are also coastal, duricrusted, and karstic land-
forms. This makes India one of the most fascinating places for
studying all types of landforms and associated processes,
except features of continental glaciation.

2 Current Listings of Geoheritage Sites
in India

Listings of the noteworthy Indian heritage sites have been
prepared over the last few decades by the UNESCO and the
Geological Survey of India (GSI).

80°E

T
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Chitwan National Park, KM Kathmandu Valley, ME Sagarmatha
National Park (Mt. Everest), MN Manas Wildlife Sanctuary, KZ
Kaziranga National Park, SB Sundarbans National Park, WG Western
Ghat (Sahyadri), BT Bhimbetka, AJ Ajanta Caves, MB Mahabalipuram
and HP Hampi. GSI's National Geological Monuments—GI Sendra,
G2 Lonar Lake, G3 Silathoranam and G4 Angadipuram

2.1 UNESCO World Heritage Sites

Currently (January 2014), there are 30 properties from India

inscribed on the UNESCO World Heritage List. Of these,

24 are cultural properties and 6 are natural properties.

Amongst the natural properties, at least four properties are

also geoheritage sites (Fig. 1), because they are associated

with distinctive landforms or landscapes. These are

(DI = Date of Inscription):

e Nanda Devi and Valley of Flowers National Parks
(DI = 1988)

e Manas Wildlife Sanctuary (DI = 1985)

e Sundarbans National Park (DI = 1987)

e Western Ghat (DI = 2012).
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The Himalaya Mountains have some incredible land-
forms. Nanda Devi, the 2nd highest peak in India (8,590 m
a.s.l. Kanchenjunga is the highest peak), along with Sag-
armatha (or Mt. Everest) National Park in Nepal Himalaya,
have been classified as areas of exceptional natural beauty
and aesthetic importance. Chitwan (Nepal), having untou-
ched vestiges of the ‘Terai’ region, a moist zone of marsh
and forest at the foot of the Himalaya, is another geoher-
itage site from the subcontinent listed in the World Heri-
tage List. The Manas Wildlife Sanctuary in northeast India
has been categorized as an outstanding example of a sig-
nificant geomorphic or physiographic feature. The Manas
River is the largest Himalayan tributary of the Brah-
maputra and delivers huge amount of sediment load to the
river. Like the Kosi Basin, the mountainous area of Manas
Basin is several times larger than the plains area. The river
forms a fan in the narrow space between the Himalaya and
the Brahmaputra River. Further, the Kaziranga National
Park World Heritage Site (ID = 1985) in northeastern
India is a vast grassy wetland on the floodplain of the
Brahmaputra River at the foot of the Mikir Hills, habited
by the one horned rhinoceros. The Sundarbans National
Park (India and Bangladesh) are characterized by an
intricate network of tidal channels, mud flats and small
islands covered by salt tolerant mangrove forests (Chapter
“The Sundarbans and Bengal Delta: the World’s Largest
Tidal Mangrove and Delta System”, this monograph). The
1,500-km long Western Ghat (Sahyadri) is one of the most
spectacular great escarpments in the world (Kale 2010) and
is one of the world’s major biodiversity hotspots. Although
the Great Himalayan National Park (GHNP) in Kullu
District of Himachal Pradesh was not inscribed on the
World Heritage List in 2013, it is likely to be inscribed in
the coming years.

Four other cultural World Heritage Sites are also geo-
heritage sites because they are associated with distinctive
landforms or landscapes. These are (Fig. 1)

e Ajanta Caves (DI = 1983) dated from 2nd and 1st cen-
turies CE—sinuous, narrow gorge of the Waghora/Wag-
hur River cut in Deccan Traps (Ajanta Range) (Fig. 2)

e Monuments at Mahabalipuram (DI = 1984)—charnock-
ite outcrops on sandy coast. A shore temple complex,
including rock-cut chariots, sculptured scenes on open
rocks and caves (7th and 8th centuries) (Fig. 3).

e Temples and palaces (14-16th centuries) at Hampi
(DI = 1986)—granitic area surrounded by boulder-
strewn hills (Fig. 4).

e Rock Shelters of Bhimbetka (DI = 2003)—area with
interesting forms in sandstones. Huge overhangs and
alcoves in massive sandstones in the foothills of the
Vindhyan Ranges, displaying rock paintings that date
from the Mesolithic to historical period.
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2.2 National Geological Monuments: GSI
Geosites

The Geological Survey of India (GSI) has enlisted 26
geosites and has declared them as National Geological
Monuments (Anantharamu et al. 2001). Whereas majority
of these sites are geologically significant sites, there are at
least four sites that fall in the category of geomorphosites/
geoheritage sites. These are (Fig. 1):

e Sculpted forms in granite at Sendra, Pali District of

Rajasthan
e Silathoranam (meaning rocky arch) Natural arch in

quartzite of Cuddapah Supergroup in Tirumala Hills,

Chittoor District, Andhra Pradesh
e Laterite in Angadipuram, Malappuram District, Kerala
e Lonar Lake, a meteoric impact crater in Buldhana District,

Maharashtra (“The Lonar Crater- The Best Preserved

Impact Crater in the Basaltic Terrain”, this monograph)

In January 2013, a travel brochure on National Geological
Monuments of India: Region South was released by Geo-
logical Survey of India (GSI 2012). The brochure, basically
meant for tourists, gives description and location map of about
a dozen interesting geosites in southern India. Apart from
Silathoranam and Angadipuram laterite geosites, the Varkala
Cliffs (geopark in Kerala) and Karai Badlands (Perambalur,
Tamil Nadu) are also included in the travel brochure.

Many of the ancient monuments and archaeological sites
under the protection and care of the Archaeological Survey
of India (ASI) are oftentimes associated with remarkable
landforms or landscapes. These sites include historical forts
and ancient temples on hills, rock-cut caves and ruins of
monuments at scenic locations.

3 Geotourism in India

The GSI website contains a section on ‘geotourism’, which
includes photographs of interesting geological features
(geophotos) and information about the National Geological
Monuments in India. The photographs of glacial striations
and erratics, talus cones, and colourful landscape of Lahul
and Spiti Valley are most fascinating.

Geotourism, that is, tourism related to geomorphological
sites and landscapes, is not a new phenomenon in India.
Many well-known tourist destinations are, in fact, geoher-
itage sites. A good number of hill stations (hill resorts), first
identified and developed by the British during the colonial
period, are nestled at high elevations and provide specta-
cular views of the surrounding landscapes. Every year
thousands of tourists throng to these hill stations (Table 1)
to escape the scorching heat and dust during hot Indian
summer for leisure and/or adventure.


http://dx.doi.org/10.1007/978-94-017-8029-2_18
http://dx.doi.org/10.1007/978-94-017-8029-2_18
http://dx.doi.org/10.1007/978-94-017-8029-2_24
http://dx.doi.org/10.1007/978-94-017-8029-2_24
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Fig. 2 The Ajanta Caves overlooking the narrow, sinuous gorge of
the Waghur (Waghora) River. The World Heritage Site, with nearly 30
caves, is located about 110 km north of Aurangabad. The caves are
excavated in Deccan Traps basalts, exposed along the steep wall

Further, within the Indian subcontinent in general and the
Indian Peninsula in particular, numerous historical forts were
built on top of precipitous hills and escarpments for strategic
reasons. Leading examples include Kangra Fort in Himachal
Pradesh, Jhansi Fort in Uttar Pradesh, Hill Fort of Mandu in
Madhya Pradesh, Raigad Fort in Maharashtra, Golkonda Fort
in Andhra Pradesh, Bellary Fort in Karnataka, Rajagiri and
Krishnagiri Forts, Gingee (Fig. 4, in chapter “Granite
Landforms of the Indian Cratons” this monograph) in
Tamil Nadu, etc. In 2013, six such hill forts of Rajasthan have
been included in the UNESCO’s World Heritage List.

Likewise, innumerable temples or shrines have been built
from ancient times atop hills and mountains or in caves
throughout the subcontinent. Examples include Amarnath
Cave shrine in Higher Himalaya, Vaishnodevi Shrine and
Mansa Devi temple on Siwalik Hills, Dilwara temple at
Mount Abu, the Great Stupa at Sanchi, the great stone statue
of Gomateshwara Bahubali in Sravanabelagola in Karnataka,

(~80 m high) of the horseshoe-shaped bend of the Waghur River
gorge. The caves were excavated from ~2nd century BCE to 6th
century CE. The caves are famous for their sculptures as well as
paintings/frescoes. (Photo by Francesca Lugeri)

and Old Mahabaleshwar temple (source of Krishna River)
and Talkaveri temple (source of Kaveri River) in the Western
Ghat. Many more examples can be found in almost every
region. Thousands of pilgrims and devotees have been visit-
ing these picturesque geosites for centuries.

Among the most visible and outstanding elements of the
landscape, that have attracted locals as well as outsiders
alike from times immemorial, are the waterfalls. In the
Indian subcontinent there is no dearth of cataracts and
cascades. Although there are virtually countless waterfalls
in the subcontinent, which acquire their most captivating
form during the monsoon season, there are a few that have
attained recognition as national landmarks due to unpar-
alleled scenic beauty. Table 2 gives the list of some of the
most popular and tourist-thronged waterfalls in India. All
these waterfalls are geomorphosites because of their great
aesthetic, cultural, economic (touristic) and scientific
value.


http://dx.doi.org/10.1007/978-94-017-8029-2_20
http://dx.doi.org/10.1007/978-94-017-8029-2_20
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(a)

Fig. 3 Historical monuments at Mahabalipuram (also Mamallapu-
ram). The World Heritage Site is located about 65 km south of
Chennai. a The seventh century shore temple overlooking the sea,
b monolithic temples known as Five Rathas (chariots) carved from
single chunks of exposed rocks, and ¢ Athiranachanda Cave in the
Tiger’s Cave complex area, near Mahabalipuram. The caves and
temples are cut in outcrops of Archean charnockites (~2,500 Ma) on
the sandy shore. There are reports that the December 2004 tsunami
uncovered several ancient structures buried under the beach sand.
(Photos by Vishwas S. Kale)

4 Status of Geomorphosite Research

Geomorphosite research in India is still in its infancy.
Notwithstanding the fact that a systematic and detailed
inventory of geomorphosites and geoheritage sites impor-
tant from the viewpoint of geotourism is awaited, a few
efforts have already been made in this direction in the last
few years. The first noteworthy attempt to record the geo-
morphosites/geoheritage sites in south India was made by
the Karnataka Geologists’ Association (KGA), Bengaluru.
The KGA has published an impressive monograph on
“Geomorphology of Karnataka” (Ranganathan and Jaya-
ram 2006). The volume contains over hundred colour
photographs of exquisite landforms ranging from caves and
stalagmites to inselbergs, bornhardts, nubbins, colourful
badlands, waterfalls, beaches, caves and high-level ero-
sional surfaces in the state of Karnataka. The pictures of
three natural bridges, namely the Bheemana Kindi Arch in
granite near Halagur, the Sidlapadi Arch in sandstone in
Badami Taluka, and an arch in laterite near Talaguppa-Sirsi
Cross are most interesting.

An inventory of glaciers in Indian Himalaya was pub-
lished by Raina and Srivastava (2008). This “Glacier Atlas
of India” includes maps, photographs and description of the
geomorphological features from the entire length and
breadth of Indian Himalaya. A collection of photographs of
the landforms of the Himachal Himalaya was published by
Bhargava et al. (2010). The book contains a good number of
photographs with some description of lithology and struc-
ture controlled landforms, glacial and fluvial landforms,
glaciers, lakes and other features in this part of Himalaya.
The fourth noteworthy attempt was made by Parthasarathy
et al. (2012) to prepare a photographic inventory of local
landforms in Vaigai-Vaippar Basins in Tamil Nadu.

In the last week of May 2013, a 2-day national workshop
on ‘Geoheritage—need for an Indian activism’ was jointly
organized by the Department of Geology, Andhra Univer-
sity, the GSI, and the Indian National Trust for Art and
Cultural Heritage (INTACH) at Visakhapattnam, to identify
and preserve unique geological sites. An abstract volume
was brought out on this occasion that gives information
about numerous geological sites and some geomorphosites
in southern, northern, northeastern, central, western and
eastern India (Reddy 2013).

Even though a few attempts have been made in the last few
years to record the geomorphosites/geoheritage sites in some
parts of the subcontinent (Singh and Anand 2013), there is still
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Fig. 4 The ornate stone chariot at Hampi. The historical monuments
at Hampi are situated on the southern bank of the Tungabhadra River,
a tributary of the Krishna River. Once the seat of the mighty
Vijayanagar Empire, the Vijayanagar city was built between ~ 1336

Table 1 Popular hill resorts in India that are also geomorphosites

and 1570 CE. The undulating rocky terrain around the World Heritage
Site is characterized by numerous block- and boulder-strewn granite
nubbins and koppies. Two such boulder-strewn hills are seen in the
background. (Photo by H. R. Mungekar)

Geomorphic Province Hill stations/resorts Geographic setting
Peninsular India Mount Abu Aravalli Hills
(PD) Saputara, Khandala, Lonavala, Mahabaleshwar, Matheran, Western Ghat
Panchgani, Panhala, Coorg
Coonoor, Ooty, Kodaikanal, Munnar, Peermade Nilgiri—Palni Hills
Mainpat, Chirmiri, Netarhat, Hazaribagh Chhotanagpur Plateau
Pachmarhi Satpura Ranges
Ananthagiri, Araku Valley Eastern Ghat
Shillong Meghalaya Plateau
Himalaya Almora, Dalhousie, Mussoorie, Nainital, Bhimtal, Chamba, Gangotri, Lesser Himalaya (west)
Mountains Khajjiar, Kullu-Manali, Mussoorie, Ranikhet, Shimla, Kashmir Valley
(HM) Badrinath Higher Himalaya (west)

Darjeeling, Gangtok, Kalimpong,
Tawang

Lesser Himalaya (east)

Higher Himalaya (east)
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Table 2 Famous waterfalls as geomorphosites in India

Name of the Latitude and River State

waterfall longitude

Chitrakoot Falls 19.207138°N Indravati Chhattisgarh
(~30m) 81.700081°E

Dhuandhar Falls 23.125259°N Narmada Madhya
(~10 m) 79.813235°E Pradesh

Dudhsagar Falls 15.315726°N Dudhsagar Goa
(~310 m) 74314501°E

Gokak Falls 16.192185°N Ghataprabha  Karnataka
(~53 m) 74.777526°E

Jog Falls (~253 m) 14.246865°N Sharavathi Karnataka

74.672869°E

Nohkalikai Falls 25.275409°N Pynjngithuli ~ Meghalaya
(~198 m) 91.686292°F

Shivanasamudra 12.294196°N Kaveri Karnataka

Falls (~91 m) 77.169167°E

lack of serious research dealing with the definition, mapping,
assessment and conservation of geomorphosites and geoheri-
tage sites (Reynard and Panizza 2005) in the subcontinent.

5 Potential Geomorphosites
and Geoheritage Sites in India

The term ‘geoheritage’ is applied to sites or areas of geo-
logic features, landforms, and culturally significant natural
features and landscapes. Several international bodies are
involved in this activity, such as the UNESCO’s Division of
Ecological and Earth Sciences, the International Union for
Conservation of Nature (IUCN), the International Union of
Geological Sciences (IUGS), and the International Associ-
ation of Geomorphologists (IAG).

The 18 landforms and landscapes described in some detail
in the Part III (Chapters “The Siachen Glacier: The Second
Longest Glacier Outside the Polar Regions”, “Ladakh: The
High-Altitude Indian Cold Desert”, “The Vale of Kashmir:
Landform Evolution and Processes”, “Duns: Intermontane
Basins in the Himalayan Frontal Zone”, “The Chambal
Badlands”, “The Kosi Megafan: The Best-Known Himalayan
Megafan”, “The Sikkim-Darjeeling Himalaya: Landforms,
Evolutionary History and Present-Day Processes”, “The
Brahmaputra River in Assam: The Outsized Braided
Himalayan River”, “The Meghalaya Plateau: Landscapes in
the Abode of the Clouds”, “The Sundarbans and Bengal Delta:
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Special geomorphic characteristics

Horse-shoe shaped falls
At the head of Marble Canyon

Multi-tiered waterfall, over the Western Ghat Escarpment, near
Sonaulim

Gorge downstream
Gorge downstream (Fig. 8)

Near Cherrapunji. Over the high escarpment of Meghalaya Plateau
(Fig. 7)

At the head of Kaveri Canyon. Hogenakal Falls located at the
downstream end of the Kaveri Canyon

the World’s Largest Tidal Mangrove and Delta System”, “The
Spectacular Belum and Borra Caves of Eastern India”,
“Granite Landforms of the Indian Cratons”, “The Andaman
Archipelago”, “Teri Red Sands, Tamil Nadu”, “The
Laterite-Capped Panchgani Tableland, Deccan Traps”, “The
Lonar Crater: The Best Preserved Impact Crater in the Basaltic
Terrain”, “The Great Rann of Kachchh: The Largest Saline
Marshland in India”, and “The Sambhar Lake: The Largest
Saline Lake in Northwestern India”) of this monograph are so
prominent and outstanding in the Indian context that they
deserve inclusion in the national geoheritage list, as national
landmarks. These sites/areas have international level of sig-
nificance and appeal. Apart from these, there are countless sites
or areas of scientific, cultural and socio-economic significance
that could be designated as geomorphosites.

The IUCN, the advisory body on natural heritage to the
World Heritage Committee, has recommended thirteen geo-
thematic areas for identifying geological World Heritage.
The relevant themes (geomorphic) could be used as guide-
lines to identify geomorphosites/geoheritage sites in India.
Accordingly, a modest endeavor has been made to list some
of the potential geoheritage sites within the Indian region
(Table 3, Fig. 1) that are geological and geomorphological
elements of nature, worthy of being conserved. The list is
certainly not an exhaustive one but just a representative one.
There are undoubtedly many more fascinating and exquisite
places of natural wonders that deserve the geoheritage status
and merit preservation for future generations.
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http://dx.doi.org/10.1007/978-94-017-8029-2_9
http://dx.doi.org/10.1007/978-94-017-8029-2_10
http://dx.doi.org/10.1007/978-94-017-8029-2_10
http://dx.doi.org/10.1007/978-94-017-8029-2_11
http://dx.doi.org/10.1007/978-94-017-8029-2_11
http://dx.doi.org/10.1007/978-94-017-8029-2_12
http://dx.doi.org/10.1007/978-94-017-8029-2_12
http://dx.doi.org/10.1007/978-94-017-8029-2_13
http://dx.doi.org/10.1007/978-94-017-8029-2_13
http://dx.doi.org/10.1007/978-94-017-8029-2_14
http://dx.doi.org/10.1007/978-94-017-8029-2_14
http://dx.doi.org/10.1007/978-94-017-8029-2_15
http://dx.doi.org/10.1007/978-94-017-8029-2_15
http://dx.doi.org/10.1007/978-94-017-8029-2_16
http://dx.doi.org/10.1007/978-94-017-8029-2_16
http://dx.doi.org/10.1007/978-94-017-8029-2_16
http://dx.doi.org/10.1007/978-94-017-8029-2_17
http://dx.doi.org/10.1007/978-94-017-8029-2_17
http://dx.doi.org/10.1007/978-94-017-8029-2_18
http://dx.doi.org/10.1007/978-94-017-8029-2_18
http://dx.doi.org/10.1007/978-94-017-8029-2_19
http://dx.doi.org/10.1007/978-94-017-8029-2_19
http://dx.doi.org/10.1007/978-94-017-8029-2_20
http://dx.doi.org/10.1007/978-94-017-8029-2_21
http://dx.doi.org/10.1007/978-94-017-8029-2_21
http://dx.doi.org/10.1007/978-94-017-8029-2_22
http://dx.doi.org/10.1007/978-94-017-8029-2_23
http://dx.doi.org/10.1007/978-94-017-8029-2_23
http://dx.doi.org/10.1007/978-94-017-8029-2_24
http://dx.doi.org/10.1007/978-94-017-8029-2_24
http://dx.doi.org/10.1007/978-94-017-8029-2_24
http://dx.doi.org/10.1007/978-94-017-8029-2_25
http://dx.doi.org/10.1007/978-94-017-8029-2_25
http://dx.doi.org/10.1007/978-94-017-8029-2_26
http://dx.doi.org/10.1007/978-94-017-8029-2_26

V. S. Kale

254

(panunuoo)

nm3efey ‘N 'S

SN 'S SEMUSIA

o[ey 'S SeAYSIA

S[Y 'S SEMUSIA
[eAnf uraeN

euures "N [
UOSSEA\ 11990y

[eAn[ uraeN
[[euuno Tuue x

S 'S SeMUSIA

a[ey °S SEMUSIA
a[ey 'S SEMUSIA

oTey] 'S SeMUSIA

[eAn[ uraeN

KeAypedoApueg

opueung

ueypeueAprep

(9007) wrexeker
pue ueyjeuesuey

neyq “d Yse[IN
eAwey) "1

Key *S ueluenoAf

[eAn[ urAeN

Aq pa1sa33ns
/payioday

ueysefey

npeN [rueL,

ysopeld eAYpeA

ysopeid Ienn
pueyyeIenn
wessy

Teyrq

jere(nn

[sopelq exjpuy

enyseIeyey

eyejeuIRy]

eAerey3oN

ysopeiq eIypuy

Tuysesy
pue nwiwef

[e3uag 1S9M.

ysopelq exjpuy

eyejeure’y]

jerelnn

Spue[s|
IeqQODIN
pue uBWEpUY

jerenn

K10)1119 ],
uoru() /9yl
o) Jo qweN

[eAR[ pue UNUpPET UAM]Aq [dABIS
381809 JO 95pu Junempun uny OG ~

JIed [euoneN Tefewnpny ‘TeKoJA

(600¢
9rey]) peqeSurySOH Jeau I9ALY BpeuLIEN

(600T
arey]) anduey] Jeau Inyirg ‘IoATY eIuen

(01 "Sr) A9[[eA epuvwElY ‘IESeulls
I9ATY enndewyerqg ‘puefsy 1nlejy
I0ATY e3uen ‘eujed

JOATY neureqes ‘Ipnyey

mredenng
JO Jsamynos wry G Inoqe ‘riredeppad

(6 "S1) [OYSIN “TATY 1PN

(8 'St
I9ATY 1yjeArIeyS ‘Sofseddosion

(L "S1d) rexIeyoN

(600 2re3) [9Aped JO MS W O]
SIOATY
SNpuy pue Ieysuey JO d0UINPUOD
QY Je ‘Y] JO Jsam ‘oowwIN-o3seq

(9 3D

1osIp IndIuIpay 1S9A0 ‘BI2qUIRD
weujedeyyesip

je neqqiqg ‘Mmen euyg ‘wewedunwosyg

1pnSepuey] Jeau
pue 10mmSI(] IB[O3] ‘SSOI0-H Ieau

(S S
pemeryiey] ‘ypedeun( Jeau ‘IeUII) JUNOJA

Irejg
HOd JO N WY OS] ~ PpUB[S] Ualieq

fnyg
Ie3u ‘BpARUY JO Isamyiou wy )01—08

Aneso

oISE8BI VL

0999179°9L

9EVSTO'LL

oLY06T1'08
oSYO6LL'8L
o88L691°V6
o1S9¥8E°C8
o£6£96LCL

oC08S6LLL

066LCIT YL

0698CLY VL
06098916

o1€8ST10°6L

oOlECIELL

085697¢°L8

0COT8TY'E8
oCIS6TO'LL
oL9¥996'LL

o8781ES0L

20870986

o89VLIT'69

@
opmiSuo]

01680VC'LT

o£C9019°T1T

o0¥C99L°CT

0C6SLTI'9T
-0180CC°0¢
0155056'9C
oS8LYYS ST
o¥7S0E6Y €T

oVCIVI0 V1

06661€6'81

0S989VC V1
06017SLT'ST

0CCOS09 V1

oLT9161'1E

0C68098°CC

oL8SELY'LT
o8CI8YCEl
otveEI el

oCILVTS 1T

oI816LCCL

o08CSTI 1T

(N)
opmne|

11989 ey, ur a3pLl [9ARID

(AreInQLI)) I9pUBAW PASIOU] "QUOZ JedYs
® smo[[oJ Jey) Suo] wy Oz~ 238103 reour] deaq

Jopueow pauopueqe 318

JIopuBawW pauopueqe 3318

SQOBLIQ) IQALI XIS

pue[S] [QuUUBYD }saTIe]

Ieq [Quueyd aSny

SI[NS yueq pue ueq [eIAN[[e YSIH

S[[BJ @Y} UI puB[sT yo0Ipaq & uo ojdwe) paurni
B JIM “Teuusd 9y} JO AIejnquy B UO SUOZ YOIy

j[eseq Ul SULIO§
[euorsoxd Je[noeoads pue sefoypod ordnn

amyded 10A11 pue 95103 ‘[[JINIBAL
[[ej1ore

(optm uny (] pue Suof ury /)
B[NSUIUSJ UI UeJ OLOWWAS-TEQU ‘Ue} [BIAN][Y

UeJ [RIAN[[E PIOLLID) PUB ‘SOILLID) JOATY

spoom paginad pue [ISSOjouydl Ul YoL 9IS
‘winian[e urgm sarng ‘AydeiSodo) puerpeg

sounp pues

pai [eiseod urym sat[n3 ‘Aydesdodoy puejpeg
syoox onrjoides pue pazniale|

-Adoop umynm sarns ‘AydeiSodoy puerpeg

93euresp [eipel sey xo[dwod [[1y Ie[NOIIO
padeys-owop oy, ((YSry wr £[1°T) Sn|d dMUed[OA

BIPU] UT OUBD[OA JATIOR A[UQ

oyenbyyres
6181 SUIMO[[OJ SIUSWIPAS YUOYORY JO uuey
ur padofoasp (w 9'1) dreds Jney pung-ye[y

SuLIoJpue[/saImied) drydiowoan

[elAD]]

[e1AnL

[e1Ang]

[elAD]]
[elAN]]
[eIAN]]
[elAD]]

[eIAD]]

[e1An]]

[eIAnL

[eIAD]]

[e1Ang]

[eTAnL]

[eIAD]]

[eIAD]]

[e1An]]

[eIAnL

OUBJ[OA

OUBJ[OA

dreos jneq

SOUIAY)03D)

Ll
91
SI
14!
el

O O |© O O

oway)  "ON
NONI 09D

uonedo[ 10y | ‘S1{ 99S "eIpU] UI SAIs dFeILoyoad/saysoydiowods enuajod € I|qel



255

Geomorphosites and Geoheritage Sites in India

(panunuoo)

Iey [ewy

Iey [ewry

Iey] [ewry
SN 'S SeMUSIA
eOUBYUS ‘A S

[eAnf uraeN

UIMQ 'V SIMT
‘earisealrs doopeig

uednnyg
BIPUSUEIA
uamQ 'Y SIMoT
[eAnf uraeN
UOSSEA\ 1190y

[[ouuno ruue x

euekRIEN D 'V

heyd “d UseIIN
[eAnf uraBN

o[ey 'S SeAMYSIA

9[e3] 'S SeMUSIA
ueypeurAprep 3
ueypeueApreA
9[e3] 'S SeMUSIA

o[ey 'S SeMUSIA

(9002)
welreAef pue
ueyjeuesuey

[[ouuny ruue x

oTey] 'S SemUSIA

Aq po1sa33ns
/parodoy

ueyjseley

ueyjseley

ueyjseley
jereno
eyejeuIey]

ysopeid
[eyoetry

Juuysesy
pue nwiwep

Iruyses|
pue nuwe[

pueyeIenn
pueyeren
pueyeIenn

npeN [fe],
[ EAC)S|

nig

eIYSBIBYRIAl

BRIy
ysopeld eIypuy
ysopelq eIrypuy

BOD

eIYSLIRYERIA

eyejeuIey]
diuey

K10)1119 ],
uoru( /1.1
A Jo QweN

andypor

JO MN U QL ‘UBISQ JO § Uny L~
IoueyIig

Jo MN urf 66 ‘[eSnd Jo M wy [~
peoi reffeA|n

uo ‘Jowestef Jo S W €9~ ‘eekisiog

1oAY 1de], Jo Yueq 3J97 Uo eyseNeId
IOATY HIABY] JO Yukq 1J9] UO Peyele],

AoqeA midg pue [nye

(€1 'St
yo Jeau se[Suen ‘Io1oe[n Junpreysy

K9[Te A BIQNN

IOATY TypeISeyq pue ISIoR[D) Mjosuen)

(¢1 'St) eAefewny ur uiseg Sunon

PLSI Towey) ‘Yreutpeg
ureujedereyyase[nyy

Jo ynos wry ¢ noqe ‘pedeuryy

weAe)oy Jeau wWoyeIBWINY|

(11 "S1) enysemes ‘puefsy niq

UBYPICALIYS JEQU JeMUSTRYLIEH
wemdeyiueuBAnIY [,

JO MN W O INOqe Yoraq B[RMIBA

wewjedeyyesiA Jeau epuoyIysny

weujedeyyesip JO A S ‘WweleAeSuen

feueq ‘e[neqd euo(q

Inyuey| Jeau eAre(q uoeSpep

TeABUOH JO ISBAYMOU Wy ()G INOQe ‘BUL

Teyduy ‘oye yero

Aneoo

oL9YS88CL

o8ELIOVCL

0C0E8EESOL
oVYPITE YL
oVOPSTO'LL

01659S0'8L

096£96S°LL

0C80681"LL
oL9S0LO'6L
oCY0Y08°6L
o016C67'6L

o168€90'8L

oCISSTYOL

806C68°0L

oLSTO10°EL

oLETEOL 9L
oESPS8LES
o0018€T€E8
o0S8C08°EL

oP0S9EE VL

oI8CLIS VL
-611808°€6

@
apmiSuo]

o¥7STELI'9T

0C96085'8C

0C066¥7'9C
0610815°1C
o80€161°CI

oV7S6ETTCE

oLV8LBITE

oST8L88TE
0LT99€6°0¢
0686008°0¢
oCC8YYL'0E

0£59L9¢'8

01980196

o£88810L°0C

o1 18066°L1

oSCTO9EL'8
o910V8L'LT
oLIVEIO'LT
o8EV IS 'Sl

0£56C60°61

06L006S 171
oCCTLYS VT

(N
spmne|

saunp orjoqered punodwo)

PIoyauUNp 9SIOASUBRI],

preyounp Ieaur|
SOUNp pues QULIIATY
SoUNp PUES JULIATY

*019 ‘SQUO0D snje) ‘SAJRILIA)
‘SQINJB9J [BIAN-OIOB[D) "AJ[[BA UIBIUNOW 1I3S(]

soureIow [euluIe) padeys-juaosaI))

suej [erAne
‘skaTea SurSuey ‘Ad[eA [e10B[3 ‘SQUIRIOIN

91045 TeroR[S Jse] oY) JO SOUTRIOIA
e[ [eroe[So1d B JO SJUBUIRI PUE SQUTRIOA
SOUTEIOW [BUTULID],

puepIuIYy
) UT SpUES LA, "SWISAS dunp [eIseod
yS1y ‘sjids Apues ‘9)IueIjO9® PIZIIAIO[ED JO SPID

Q)IS Jeswiey Y SIAJEMYOBq /U00TEeT PRUBQUIDA

SUI[OaB/A[Ol[ T
ur sayOJou [epr) pue SHI[O PIsiel pue UISPOA

Q0ej JIo uo uLIdYIEIM
quiooKauoy pue jfeseq ur wiojje[d jno-oAvp

yoeaq
€ SUIYOO[I9AO SJUSWIIPAS UOIJ-OIA UT JI[D

yoeaq padeys-1uaosard A[109j10d
SO)I[EPUOYY UT SPI[O Bas pue wiojje[d jno-oAep
uare] ur wiojjerd Ino-oAvp

uo13oy
sdel], ueoda(q ur Quad0[oH A[1e? Jo BNy d[e)

ISIeY JOMO,

QIS Jeswey V “A9[[EA QUBJUOULIOUT UE UT e

suLIojpue|/saInied) orydiowoan

ueIo0dYy

UeI[0dY

ueI[0dYy
ueIjooy

UeI[0dY

[e1oe[D

[eroe[n

[R108[D)
[R108]0)
[R108]D)
[e108[D)

[eIse0)

[eIse0)

[eIseo)

[e1se0)

[e1s€0D
[eIse0)
[e1s€0D

[eIse0)

ISRy

1sIey[

auLnsnoe |

SQUIAY)0aD)

Cl

4!

Cl
Cl
Cl

Cl

01

0l
0l
0l
01

0 o0 0 0

Qway)
NONI

(94

184

or
6¢
8¢

LE

9¢

133
123
133
[43

0¢

6¢

8¢C

LT
9C
S¢
<

€C

C
1C

‘ON
09D

(ponunuoo) € sjqey



V. S. Kale

256

soway) SN[ Jopun pajsi] AJO9IIp JOU SWLIOJpUR] JOYIQ) #] ‘SWISAS PLIL-TWAS pue pUy g7 ‘sded 201 pue sIore[n

0 ‘SWAISKS [BISEOD) § ‘WIAISAS ISILY PUB SIAR)) / ‘SWAISAS OT18)[OP PUE ULISNIB] ‘[BIAN] § ‘WISAS OTUBI[OA/SIOUBI[OA ¢ ‘SINJBIJ [BINJONI)S PUE DIUOII], [—Soway [, ND] Jequinu jisoydiowoan) “onNoasn

ueypeueAprep Y

(9007) werekef
pue ueyjeuesuey

nfey aypnid ‘N

a[ey 'S SeMUSIA

Iey [ewy

Iey [ewry

Aq po1sa33ns
/parodoy

eySIPO

eyejeuresy|

ysopeid Ienn

eIYSLIRYRIA

ueyjseley

ueyjseley

K10)1119 ],
uoru)/91eIs
) Jo sweN

rewedyoueg
PLISI Inyorey
‘eynye], In3nse3ur ‘umo) [eSpnjy

OIS BIPEYQUOS

ur o3e[ia uedoy) woiy ‘dredog nwrey|
(1 "Std) TemysoeqeyeN

9eag s NyMy ‘diedg jeyn uIdSIA
peoI Jesjemey uo

yreSjeing jo g wry (g ‘fedoreg jo g uny ¢
peoI Jowesref

uo andypof jo MN WY G0T~ ‘nyd3d
Jo § wy (g ‘SuIssor) emenieys

Aneoo

oLOT¥20'€E8

06617011'9L

oPPEETOES

00699LEEL

o£0ETI0T L

o16S61ECL

@
apmiSuo]

o8CP198'81

0126010791

oSETBISTT

o0ELLLO'LT

0196CSE°6C

0911009°9C

(N
spmne|

neoje[d/puela[qe) 9)Ioye ] ‘pojsnIonIng

auueld ur s3raqpasur 1epnog

juowdreosq

juowdreosy

ployaunp Iejs payur|

werdoxd
uonezifiqe)s Jopun saunp oroqered punodwo))

suLIojpue|/saInied) orydiowoan

suLojpue vl 8P
suLogpue vl Lb
wojpue vl op
uLogpue vl Sp
ueI[ody (A
uerjoay Ao

owayl  ON
SQWIOY0en)  NDNI 09D
(penunuod) € sjqel



257

Geomorphosites and Geoheritage Sites in India

(meyq "d yseqIN pue [edwrey)) ‘S "1 £q ojoyd pue 1xa]) ‘TpIewrey)) pue je3oy) Yooy ‘epieq A[owreu ‘pemeryies[/enyseines ur sgnjd otueojoa
IOUJO INOJ ore IOy ‘Jeurln) sopisog ‘(B]N £9-9S~) sderl, ueoooq yim snosuerodwojuod-ouad oq 03 paadrfeq st xoidwos oyf, "ayeuo)
pue 9uaAs aurpoydou ‘9yuexoihd ‘oiqqed ‘oyuojop ‘yeseq ‘a1AydoueiS oI sy001 OonewSeW PIAJRNUAIPIP Jo dn opeuwl ST JISSBJ Jeulln)
YL (9761 ‘Te 30 InyelA) BaIR SutuaAtdul oy ut sure[d SurA[-mo[ p pue ‘s[[Iy Iono 3 0 [[1y Y31y [enuad ay) Sururof saSpi [erpes d [y ysy
[eNU2D oY) q ‘S[[IY JO SOFULI 1IN0 TR[NOID oY) & (deJAl 9[3000) 19sUT 23s) s)un J1YdIoU0as JoUNSIp M0 ey (,ury 7 ~) Xddwod [y oy,
"x9[dwoo 2y} JO JS9M 9} UO PaJedo] SI umo} ypeSeuny “Jeusin) jo doj uo sojdwe) NpUIH pue UTe[ JUSIOUE [BIOAS dIe I, "SUIR[] Pemeryies]
oy woiy Apdniqe sasu jey) enysenes ur uordoy sdel], ueood(q ay) jo armedy orydiowoad jusurword v swio) xo[dwo)) [[IH JeuIin) Je[noio
padeys-owop oy, ‘yedd fequy Surmoys aseq ay) woly [[1y Sursodwr ay) Jo marA 3nid owed[oa & ‘(['s'e w £][°]) JeulD junoly g ‘b4




V. S. Kale

258

(KeAypedoApueqg opueung £q ojoyd pue
1X9) "spoom payinad pue S[ISSOJOUYDI JO 2SNOY2I0)s JueiIodwl U. OSTe ST IS O], 'UTRLI) JNLIdIE] SUID0ISIA]J B O IOALY IRIYS J) JO IOPUBAW © JO JIYS pIemyinos £q pajeniur sem uoigal ayj jo
Surk[nD "SuIA[n3 asudiur £q PZLIdIOLIEYD SI BTE dY) ‘UL §°() JO BAIE UE SULIA0D puE A[[ed0] JYS1oy ul W {7 0) dn Suryoeay ‘[eSuag 1SoM “WISI INdIUIPIN ISOM ‘spue[ped e1oquie 9 *big




Geomorphosites and Geoheritage Sites in India

259

Fig. 7 The Nohkalikai Falls is developed on a cliff that retreated
some 11 km along the course of the Pynjngithuli River from the
southern edge of the Meghalaya Plateau. Initiating at 1,203 m a.s.l.,
the fall is a sheer drop of ~ 198 m on the Eocene sandstones of local
Cherra Formation. Although the size of Nohkalikai’s catchment is

just ~ 14 km?, its situation at 3.5 km east of Cherrapunji, one of the
wettest places of the world with 11,780 mm of average annual
rainfall, explains the high amount of discharge received by it. (Text
and photo by Sunando Bandyopadhyay)
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6 Concluding Remarks

The Indian subcontinent has extraordinary geoheritage.
Whereas the Himalaya Mountains and the Western Ghat
Escarpment are iconic landscape features, there are count-
less other fascinating and exquisite landforms and land-
scapes that have immense cultural, socio-economic and
scientific value. All the geomorphosites or geoheritage sites
described in Part III of this monograph as well as those
listed in Tables 1, 2 and 3 of this chapter are important not
only from the standpoint of public interest and economic
benefits, but also from the viewpoint of geo-science studies.
Such geomorphosites are critical to advancing knowledge
about landscape evolution, geomorphic processes, geoha-
zards, impact of climate change and the history of Earth.
The need for promotion and conservation of such geomor-
phosites need not be overemphasized. To achieve this, first,
the goal should be to identify, document and assess geo-
morphosites through a rigorous peer-review process. Vari-
ous earth science associations and organizations in India,
such as the Geological Society of India, the Indian Institute
of Geomorphologists (IGI), etc. and the Ministry of Earth
Sciences (MoES) as well as the Geological Survey of India
have a critical role to play in this overdue activity. Second,
one of the most challenging tasks in this endeavor is to
convince the local communities, concerned government
authorities (local, state and national) and geo-asset users
(geo-tourists and service providers) about the geo-environ-
mental value of these geomorphosites or geoheritage sites.
The active participation of all these stakeholders is critical
for the management and conservation of these geoheritage
sites. Finally, environment-friendly and sound geo-conser-
vation work and legislation that protect geoheritage sites are
exceedingly vital from the standpoint of the future of geo-
tourism in India.
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