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Introduction
Geo-tourism is defined as tourism that sustains or enhances 

the geographical character of a place like its environment, 
culture, aesthetics, heritage, and the well-being of its residents. It 
incorporates the concept of sustainable tourist spots, which should 
remain unspoiled for future generations while allowing for ways 
to protect a place’s character. Geo-tourism also takes a principle 
from its ecotourism cousin that tourism revenue should promote 
conservation and extends it to culture and history as well that is, 
all distinctive assets of a place. Its site selection depends upon the 
geomorphology and uses for the study to geo-scientific students 
involving conservation education and Geo-tourism [1-7]. This 
study is based on the geological study of heritage sites in the coast 
of South India. It covered a tourist site in the seaside of Southern  

 
India and also 21 islands formed in the very close to the shoreline 
(Figure 1). 

It is covered mainly in between Kanyakumari to Dhanushkodi 
in the Southern part of India [8-10]. The Gulf of Mannar shallow 
was a sediment depocenter in confined depositional setting till Late 
Cretaceous receiving clastic sediment input both from basin margin 
towards the west and Mandapam-Delft ridge towards to the east. 
Unconfined setting emerged post-Cretaceous shifted depocenter to 
east of Mandapam-Delft ridge [11]. The Achaean Kovil shear zone 
is an active zone near Kanniyakumari to Manapad area.  The coastal 
marine tectonic activity and its impact reflect some tourism site in 
the Gulf of Mannar coast. 
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Abstract

This article deals with the significant geological, geo-scientific studies and geo-heritage site selection along with the Gulf of Manner of Eastern Coast 
in Southern India. The study area geologically formed in quaternary deposits of soil and recent tectonically formed coastal landforms. The entire area of 
the Gulf of Mannar coast landform exists a geomorphology of the cave, dunes, wave cliffs, erosional features etc. It is around 456 km from Kanyakumari 
to Dhanushkodi along the coast of the Gulf of Mannar. The valuable geological sites of Kanyakumari, Vattakottai, Idinthakarai, Chokkan Kudiirupu Teri 
deposits, Manapadu Sandridge, St. Xavier Cave, Tiruchendur Valli cave, Rameshwaram Raman Temple, Dhanushkodi old heritage places are essential 
features. About 21 islands have been formed due to the flow of various river channels in four groups of the Gulf of Mannar Islands.

 The different structures of mudflat, pot holes, shell, and quaternary recent fossil deposits of sedimentary deposits are being accumulated in and 
around the natural beach. The valuable beach has substantial mineral deposits of garnet, rutile, zircon, and monazite. The migration of beach dune 
is due to the sea wave and tidal impact, and it is generated new structures like cliffs and cave in the study area.  Geo-diversity geographical heritage 
and parks are mainly located in this coast. The geological features like rocks, minerals, fossil, soil, different geological units, landscapes and history of 
earth evolution are called as diversity. These are the importance of the archaeological and ecological studies. Along with this, the study is also used for 
identification of suitable sites such as Van and Nallathanni Islands, which are found very good in-term of groundwater quality to visit as geo-tourism and 
geo-heritage place in the Gulf of Mannar Islands. 
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Two earthquake events have been recorded in the south of the 
shore area in the recent past. The first record belongs to the year 
1938. Its epicentre was at Latitude: 07.50 N and Longitude: 79.00 
E [12]. Its magnitude is questionable but is thought to be ~5.8. Its 
intensity has been recorded as VII. The second record is from 1993. 

Its epicentre was at. Latitude: 06.810 N and Longitude:78.300 E Its 
depth (D) was identified to be 10.0km. Its Body Wave Magnitude 
(Mb) and Surface Wave Magnitude (Ms) were 5.2 and 4.7, 
respectively [12]. 

Figure 1: Figure 1: Location  map of the study area and 21 Islands (Thivu) located along the coastal sector in the study area

There is a record that an earthquake which originated at the 
Car Nicobar islands on 31st December 1881 (with a Mw 7.9) had 
generated a tsunami in the Bay of Bengal [13] and this had been felt 
at different points on the eastern coast of Southern India and also 
at Pamban. This fact stresses the importance of studying the history 
of the earthquakes in an area roughly around 300 km around. 
The 26th June 1941 earthquake of Andaman Islands (12.500 N, 
92.500 E) (Mw7.7) had also generated a tsunami, and this had 
reached Chennai. The first recorded Bay of Bengal earthquake is 
on 28th January 1679. It is suspected to have originated in the 
Andaman Islands. The more recent Pondicherry earthquake of 
26th September 2001 had its epicentre in the ocean crust (11.940 
N, 80.220 E Mw 5.4).

Apart from this, the catastrophic waves generated by the 
tsunami on 26th December, 2004 in the Indian Ocean devastated 
the Tamil Nadu, parts of Andhra Pradesh and Kerala coasts. Houses 
built along the seaside, coastal landforms and beaches were heavily 
damaged by resilient tsunami inundation. The tsunami waves alter 
severely the mouth and estuary regions. They enter inland from the 
SSE direction in the study area as diffracted waves. The tsunami 
wave heights varied from 2.0 to 10.0m and the inundation into the 
main land was ranged from 0.2 to 2.0km [14,15]. 

The tsunami waves alter the sediment dynamics when reached 
to the beaches, thus altering the coastal geomorphology by 
breaching dunes, eroding beaches to form new channels, filling of 

estuaries and backwater channels by sediments. The investigation 
has given an idea about the sediment logical evidence preserved 
between Rameswaram (north) and Tuticorin (south). The effect of 
tsunami waves was more along the projected and flat beaches. The 
shallow shelf beaches were not affected by the tsunami waves. But 
the Gulf of Mannar coast was exaggerated by the diffracted tsunami 
waves from the southern Sri Lankan coast. Tsunami inundation 
along the southern Mannar coast is moderate. Tsunami impact 
along the northern Gulf of Mannar coast between Dhanushkodi and 
Thoothukudi is comparatively less due to the presence of 21 coral 
islands. The coast considered as raised coast consisting of coralline 
terraces.  

Various marine landform features such as beaches, bay, sport, 
beach ridges, backwater zone, offshore islands, coral reefs, and 
wave-cut platform, sea cliff, marginal terrace, headlands, salient’s, 
and tom bolos have identified in the shoreline. The area along Indian 
Southeast Coast that stretches from Kanyakumari to Dhanushkodi 
(~440 km) forms part of the Gulf of Mannar in the Southern 
India.  Twenty-one islands of four island groups selected for wind-
generated waves are primarily responsible for erosion, near shore 
currents and sand transport pattern. The coastal erosion due to 
the wave energy obtained from the storm winds during monsoon 
periods is thereby efficiently carried to the near shore zone, where 
it expands over a relatively narrow area in the study area. The 
occurrence of rocks such as sandstone, calcareous shell limestone, 
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gneiss rock, and charnockite considers for illustration of the site 
section.

Geo-Diversity In the Coastal Area
Geo-heritage site identification in the coastal area and its geo-

diversity are vital for the selection of Indian heritage sites. They are 
the Manapadead Portuguese fort, Notch and cave of the cliff section, 
Wave erosion topples the cliff rock, Toe erosion formed a notch, Ship 
Matha Temple in Ovari beach, and 1942 Ovari Church in the study 
area (Figure 2a-2f). The buried Church near Chokankudierupu 

(Figure 3a); Tiruchendur beach, Tiruchendur beach-after the 
Tsunami 2004, Valli cave since 1942, Valli cave in 2014 (Figures 
4a-4d), Valli cave way, Historical value place of a cave; Idinthakari 
beach cliffs and cave formation, and Vattakottai Illeminite beach 
(Figure 5), Vattakottai fort Wall, Duch port (Historical place), 
and Historical water tank; Kannya kumari Beach and Thiruvallu 
Valluvar statue (Figure 6); Rameshwaram Island and Sand dune in 
Rameshwaram (Figure 7); and Dhanushkodi 1980 down ship, and 
Dhanushkodi post office are also the famous of them. 

Figure 2: Showing (a) Manapadead Portuguese fort, (b) Notch and cave of the cliff section, (c) Wave erosion topple the cliff rock, 
(d)  Toe erosion formed notch, (e) Ship Matha Temple in Ovari beach, and (f) 1942 Ovari Church in the study area.

Figure 3: Showing (a) Buried Church near Chokankudierupu and (b) Cyclonic effect and red soil covered high in the study area.

http://dx.doi.org/10.31031/AAOA.2018.01.000522
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Figure 4: Showing (a) Tiruchendur beach (b) Tiruchendur beach-after the Tsunami 2004 (c) Valli cave since 1942 (d) Valli cave 
in 2014 in the study area.

Figure 5: Showing Vattakottai Illeminite beach in the study area.

Figure 6: Kanyakumari Beach, Thiruvallu Valluvar statue and highly weathered charnockite rock in the study area.
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Figure 7: Showing (a) The Rameshwaram Island (b) Sand dune in Rameshwaram.

Figure 8: Showing (a) Van Thivu (b) Koswari Thivu (c) Villangusulli Thivu (d) Kariyasulli Thivu (e) Upputhani Thivu (f) Pulluvinchali 
Thivu (g) Nallathanni Thivu (h) Anipar Thivu  (i) Vallimunai

Twenty-one islands (Figures 8 & 9) mainly located on the 
eastern coast of Sothern India. They are Van, Koswari, Villangusulli, 
Kariyasulli, Upputhani, Pulluvinchali, Nallathanni, Anipar, 
Vallimunai, Appa, Poovarasapatti, Thalayari, Muyal, Manoli, Valli, 
Mulli, Mannalipatthi, Poomarichan, Pulivasal, Kurusadi, and Shingle 
Islands (Thivu). These Islands are suitable for the tourism and also 
studying for geo-diversity and Indian geo-heritage.

The geo-diversity of the selected site is the main problem of soil 
and cliff erosion. It was also affected by the cyclones and littoral 

disasters. The entire study area was influenced by the coastal 
tectonic activity. The continental and oceanic plate junction occurs 
in the margin of the beach terrace. Tectonically and geologically this 
seaside elevated terrace acts as a barrier to prevent saline water 
intrusion. Therefore, freshwater and saline water are not mixing 
easily in the shallow aquifer due to the density variations. Thus 
freshwater is accumulated in shallow aquifer wells of all heritage 
sites (i.e., Nalli Kinaru). The main study revealed that the beach cliff 
and dune are simply eroded due to the wave action. The study area 
is broadly classified into the rocky coast and sandy beaches. 
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Figure 9: Showing (j) Appa Thivu (k) Poovarasapatti Thivu (l) Thalayari Thivu (m) Muyal Thivu (n) Manoli Thivu (o) Valli Thivu (p) 
Mulli Thivu (q) Mannalipatthi Thivu (r) Poomarichan Thivu, (s) Pulivasal Thivu (t) Kurusadi Island (u) Shingle Island.

Figure 10: Individual island/thivu distances from the shoreline in the study area.
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Methodology
Geological importance beach ridge and suitable islands are 

imperative to identify for geo-heritage site selection and geo-parks 
in Southern India. It depends upon 5 factors like

a.	 Suitable for a geo-scientific study where student and 
researcher can visit for their topographical survey and field 
investigation.

b.	 Tectonically active zone to create new features recently. 

c.	  Identification of geological and favourable visiting place 
for Geo-tourism.

d.	  Focus the environmental pollution and human activity in 
the selected site. 

e.	 Economically suitable for the site selection.

Engineering and environmental problems arise with social and 
economic developments in these areas. Seawater intrusion, beach 
stability, beach dewatering for industrial use and deterioration of 
the marine environment are the engineering and hydro geological 
problems, which are hindering the social and economic development 
along the seaside. A beach groundwater table could also influence 
the limiting factor for agricultural activities in the adjoining coastal 
areas in the form of seawater intrusion. Lithified rocks on the 
coast comprise of cliff, platforms, and reefs. Many coasts with cliffs 
have a primary tectonic control through jointing and faulting [16]. 
Several authors have described such platform morphology [17,18]. 
Morphological features of the beaches are created by wave actions 
directly or indirectly and ultimately induce the sediment transport 
and beach changes. These morphological features define about 
berms and bars of beach profiles. Field data to study the morph 
dynamic state of the beaches were collected during various seasons 
[19].  The morphological changes in this area of the depositional 
environment of sediment transport along with rivers and landform 
developed though wave action indirectly.

Geo-Heritage Sites Selection 
Coastal geomorphology concerns the formation of landforms, 

influenced by atmospheric, oceanographic, geologic and hydrologic 
processes, etc. Morph dynamic state of beach incorporates all the 
processes mentioned above which are continuously working to 
achieve a state of equilibrium. The constant changes of driving 
forces on the beach morphology in the seaside area are adjusted in 
a new hydrodynamic regime which often prevents the equilibrium 
from its initial state achieved. Positive feedback mechanisms 
amplify instabilities in the system and result in self-forcing behavior 
such as beach erosion, beach accretion, the formation of salient and 
tumble, the formation of beach cusps, etc.

 There are seasonal changes in the geomorphology of the study 
area, and these changes are highly related to the southwest and 
northeast monsoons. The wetlands are one of the important marine 
landforms observed in the study area. Morphological changes are 
due to the depositional environment of sediment transport along 

with rivers and landform development of wave action. Beaches 
developed extensively along the entire coast of the Gulf of Mannar 
except in some places. The beaches between Kanyakumari to 
Dhanushkodi and Gulf of Mannar Islands surveyed in the Gulf of 
Mannar coast (Figure 1). The beaches in these areas are gently 
sloping and formed by the plunge point due to wave action.  
Shoreline salients are low triangular landforms, which project 
seaward as promontories. The term “tombolo” is applied when this 
landform joins to an island or breaker. Islands refract incoming 
waves causing them to bend inward around the island and converge 
along the mainland in opposite directions. This process produces a 
net transport of sand in two directions towards the island, resulting 
in a spit of sand that grows outward from the shore. Prominent 
features present in the study area are dunes, backshore width, wave 
cut features and potholes, bays, spit, backwater zone, mudflat, and 
back swamp. Dunes are omnipresent in the coastal section of the 
southern sector. They occur as a series of dune ridges usually, not 
always parallel to each other. In the vicinity of Tiruchendur area, 
dune height varies from 1.6 to 2.0m, whereas in the rest of the areas 
the dunes have a height <1.0m. In the northern sector, few dunes 
are present at Valinockam, Mandapam and Rameswaram region.

Wave-cut features are visible at all the headlands. At Manapad 
Potholes with diameters of 60 to 160cm are seen in the near 
shore zones of the exposed rocks. The pseudo pebble-like features 
develop due to grinding action of waves. The grinding process by 
the pebbles due to waves results in pot whole formation. In the 
southern sector, a well-developed bay exists between Manapad 
headland and Tiruchendur headland. There is a small bay formation 
in the north of Tiruchendur headland. The shape of this bay is 
dynamic; more erosion is encountered during monsoon periods. In 
the northern sector, the bay formations are observed at Vepoladai 
and Vallinokam. 

The Manapad headland and its special features are occurring 
near fossil, lithified calcareous sandstone with shell, cave, bay, 
cliff, dunes, and erosion. The freshwater Submarine Ground Water 
Discharge (SGWD) study near dune site is easily explained [20]. 
Rainfall, runoff, and infiltration of water in the hydrological cycle 
makes towards the leeward side of the dunes. The freshwater and 
saline water mixing zone is not mixed due to the density variation 
of fresh and saline fluid properties. It is a useful site for Geo-
tourism and Geo-student research about morphological changes of 
the beach, wave classification, and tidal impact and dune studies. 
The Idinthakarai area is famous for the border erosion of dune area. 
The erosion is occurring due to the weathering of rock properties 
and wave climatic changes. 

Vattakotai is a famous port for Dutch people. In this area, most 
of the rocks enrich with monazite beach sediments. The Ovari 
dune site is a major problem of erosion. In this site, the famous St. 
Antony Church is found in the near beach area. After the recent 
tsunami entire geomorphology is completely changed due to the 
weathering of the submarine plate and dune transgressions. The 
beach width is around is 5m. Manapad completely forms by high 
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strength of calcareous shell sandstone. The cliff erosion and high 
wave activity generate cave on the site. The two well accumulated 
in the depth of below 5m below ground level (bgl) to identify the 
coastal aquifer condition of the study area. The sunrise is a famous 
one for Indian heritage site; it occupies completely by Archean rock 
types weathered connect and massive charnockite rocks. This is an 
important tourist spot for Indian people. 

Twenty-one islands are classified into four types such as 1) 
Tuticorin 2) Vembar 3) Keelakarai and 4) Mandapam groups 
of islands (Table 1) (Figure 8 & 9). The selection of suitable site 
depends upon the area of the island, and suitable heritage site for 
the tourists, such a quality of groundwater is good. It is having 
more amount of freshwater quantity in Nallathanni Thivu, and Van 
island of an area of 6670 m2 is very close to the Thoothukudi city 
around 2.0 km distance in the sea (Figure 10). There are about 71% 
of Islands located within 2.0 km from the shoreline, but only 19% 
of islands like Manoli (6153m2), Muyal (6880m2) Valai (8106m2) 

and Nallathanni (2112m2) islands locate more than 10 km from the 
shoreline.

The estimated distance from the shoreline to the individual 
island uses for the site selection. It is possible to visit the island 
along with a boat. Some Islands are not to reach effortlessly 
because of more wave height. The specified island area of coverage 
includes the width and length of the island. It is used to determine 
the area including groundwater condition of the islands.  For the 
different site selection, rock classification is observed, and it has 
been found mostly calcareous sandstone, leptynite rock, and 
charnockite. Manapad geological calcareous sandstone (229kg/
cm2), Idinthakarai leptinite rock (13.8 kg/cm2) and Kanyakumari 
charnockite rock (505kg/cm2) strengths are used to estimate the 
corrosive effect due to the seawater intrusion and wave induced 
force easily affect the coastal area. The retention depends upon 
the lithology, strength of cliff section, and beach dynamics on wave 
parameters.

Table 1: Gulf of Manner Groups of 21 Islands/ Thivu in the study area.

Group of Islands Latitude (in degree) Longitude (in degree) Name of Island/ Thivu Area (in m2)

Tuticorin 8.5 78.13 Van thivu 6670

8.52 78.13 Koswari thivu 5829

8.57 78.14 Kariyashuli thivu 6670

8.56 78.15 Vilangushuli thivu 4025

9.05 78.3 Upputhani thivu 4915

9.06 78.44 Puluvinichalli thivu 3680

9.06 78.35 Nallathanni thivu 2112

Vembar 9.09 78.42 Anaipar thivu 4174

9.09 78.44 Valimunai thivu 4428

9.09 78.49 Poovarasanpatti thivu 5303

Keelakarai 9.09 78.49 Appa thivu 7374

9.11 78.54 Thalaiyari thivu 8359

9.11 78.56 Valai thivu 8106

9.11 78.57 Muli thivu 8323

9.12 79.09 Muyal thivu 6880

9.13 79.07 Manoli thivu 6153

9.13 79.07 Manoliputti thivu 6651

Mandapam 9.14 79.11 Poomarichan thivu 6734

9.14 79.11 Pullivasal thivu 5095

9.15 79.12 Krusadai island 4544

9.15 79.14 Shingle island 7604

Conclusion
Geo-heritage site selection is an important one in and around 

the Gulf of Mannar in the eastern coast of Southern India. The 
area covers some recently developed geo-tectonic activity, as well 
as marine transgression and regression. It mainly covers with the 
beach sand ridges, caves and Submarine Groundwater Discharge 
(SGWD) wells. The sites located in the study area are popular for 
Geotourism such as Kanyakumari, Vattakottai, Rameshwaram, 

Ovary, and Chokkan Kudi Iruppu, etc. Among them, Manapad and 
Tiruchendur are more suitable heritage sites for geo-scientific 
studies such as cave formation, tsunami wave, tidal impacts and 
Submarine groundwater discharge studies. Four islands, among the 
21 islands, are more suitable and economical travel inconvenient 
for Geotourism and Geoheritage sites. They are Van, Koswari, 
Nallathanni, and Valimunai islands. The Nallathanni Island 
(Freshwater Island) is especially suitable one for the heritage site. 
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The site selection based on the different rock classifications like 
calcareous sandstone, leptynite, and charnockite is essential for 
the geo-tourism. The strength of Manapad geological calcareous 
sandstone (229kg/cm2), Idinthakarai leptinite rock (13.8kg/cm2) 
and Kanyakumari charnockite rock (505kg/cm2) is used to estimate 
the corrosive effect due to the seawater intrusion and wave induced 
force easily affect the coastal area. The rock retention depends upon 
the lithology and strength of cliff section, and beach dynamics on 
wave parameters. The above study is used to identify the suitable 
sites for geo-heritage and geo-diversity, and conservation of the 
coastal area along the Gulf of Mannar Coast in Southern India.
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