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Abstract: Geomorphic features on a rock-coast are not only visually impressive, but
also provide valuable insight into various processes of headland erosion and weathering.
Unlike dynamic depositional features like beach or offshore bars, rock-coast geomorphic
features such as cliff, shore platform, stack etc. is very stable. Once carved, these exist
for a relatively long period. Hence, rock-coast features may preserve geomorphic records
of processes operating in the past, which cannot be otherwise preserved in a rapidly
changing depositional environment.
Rocky-coast stretches along North Konkan coast of Maharashtra exhibit several scenic
geomorphic features and are of immense academic interest to coastal geomorphologists.
These features were first studied by the author in 1995. Periodic study in this area in 2016
and 2018 has revealed that these relatively resistant landforms are being destroyed by
increasing human impact. Within a span of about 20 years, many of the rock-coast features
have been degraded due to tourism, pilgrimage, garbage dumping and construction. This
paper attempts to analyse the impact of human activities on the rock-coast features at
selected sites in Northern Konkan region.

Introduction
Voluminous literature on configuration
and dynamics of coasts exists, majority
of which are based on studies carried out
in mid latitudes. The tropical coasts have
been relatively less studied owing to their
remoteness and underdevelopment. Out of
the available literature, it is observed that
a large proportion is related to the study of
depositional features like beaches, sandbars
and tidal marshes. The possible reason for
this is perhaps the rapid changes, which
these landforms undergo. They can change
in their morphology within a few years, and
this dynamic aspect interests the physical
geographers.

Though rock-coasts provide striking
visual impression and a variety of landforms,
their inaccessibility and complexity of
processes have always been challenging for
researchers.
From Geomorphological point of view,
the coastal cliffs, shore platforms and other
micro-features do deserve attention, for they
represent the interplay between the erosive
processes and the resistance offered by the
land.
The cliffs and shore platforms can also
prove to be very useful in interpreting
paleo-strand lines. Their location, at the
time of formation, is always related to the
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sea level, so the cliffs and platforms away
from the present-day shoreline suggest
a shift of relative sea level. The rocks
preserve the carved landforms for a very
long time, which enable a geomorphologist
to analyse the processes operating in the
past. Depositional features on the contrary
have poor preservation potential, especially
in terms of geological records. The study of
rock-coasts, therefore, becomes essential. If
the distribution and location of cliff-platform
complexes are studied over a large area, they
might be useful in drawing conclusions about
sea level changes of near as well as distant
past (Bruckner, 1989). Rock-coast features,
thus have an immense geomorphic relevance.

Rock-coasts of north Konkan
The study area falls in north Konkan
region of Maharashtra coast, extending for
about 35 to 40 km from Murud in the north,
to Velas in the south between 17°55′N to
18°19′N and 72°55′E to 73°E (Fig. 1).
The study area is underlain by Deccan
trappe formation made up of basaltic flows
of Cretaceous and Eocene period (Powar
et.al., 1978; Krishnan, 1982). Low-lying
basaltic hills protrude as headlands which are
attacked by waves and tidal waters, producing
a striking rock-coast scenery, including cliffs,
shore platforms, stacks, potholes, caves,
honeycombs, and tafoni (Dikshit, 1976;
Jog et al., 2002). Dighi, Adgaon, Shekhadi,

Figure 1. Location of the study area in Konkan and the selected sites (Image courtesy Google Maps)
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Bharadkhol, Aravi, Hareshwar and Velas
are some of the sites where rocky coasts are
observed in the study area.
Objectives
The pace of geomorphic change taking
place over rocky coasts shall be extremely
slow as compared to depositional coasts.
Therefore, it is difficult to observe changes
occurring within a short period of time. Being
igneous rocks, basalts offer high degree of
resistant to erosion and weathering. The rates
of erosion on basalts have been reported as
low as 1.7 mm ky–1 and up to 5 mm ky–1
(Sims et al., 2007). It then becomes necessary
to infer these changes with the help of old
records. Periodic surveys, comparison of old
photographs and reference to old texts have
been widely used to estimate the rates of cliff
retreat (Rudberg, 1967; Griggs and Runyan
2003; Brooks 2010).
Some of these sites which were studied
by the author in 1995 were re-visited and

surveyed in 2016 and 2018. These sites were
Hareshwar, Shekhadi, Adgaon and Velas
(Fig. 1).
The objective of the present study was to
assess the changes that have taken place at
these sites with respect to the morphology
of rocky coast landforms. Given the small
time period of 20 years (1995 to 2016) the
expected degree of change in the rocky-coast
landforms would be minimal.
Geomorphic significance of the survey sites
Hareshwar
Hareshwar Hill is a small headland south
of Shrivardhan. Height of the hill is about 60
m and the base of the hill is subjected to tidal
immersion and wave attack. The entire length
of this cliff-platform complex is about 500 m.
Due to its semi-circular shape, two ends of
the platform are in sheltered areas, while the
central part of the platform faces the open
coast. Thus, within a small distance of 500 m,
one can observe a transition from sheltered

Figure 2. A) Hareshwar shore platform, B) Geomorphic features on Hareshwar platform
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to open coast (Fig. 2A and B). This makes
Hareshwar an ideal site to study the effect of
sheltering on the morphology of cliffs and
shore platforms and also the geomorphic
variations between open and sheltered coast.
The site exhibits occurrence of extensive
shore platform, caves, honeycombs, tafoni,
weathering pools and residual boulders. The
platform also preserves flat surfaces above
the highest high tide levels, which could
be interpreted as relict platforms, bearing
evidences of higher relative sea-levels in
the past (Kamble, 2004; Karlekar, 1990,
2001). This entire platform was surveyed and
mapped at 1:2000.

from sheltered part to the exposed one.
– Sloping platforms are developed
on the sheltered part, while they become
increasingly flat towards open coast.
– Sheltered parts of the platforms are
dominated by subaerial procsses, landslides
and rock falls, while erosion and chemical
weathering operate more towards the exposed
side.
– Honeycombs and tafoni are distinct
features. Honeycombs are formed due to
erosion and salt-spray while tafonis are
formed due to chemical weathering.
– Down-wearing of platform is more due
to weathering than due to erosion (Plate 1).

Plate 1. Hareshwar cliff-platform

Observation and survey of the platform
has revealed several aspects of Platform
formation, extension and consumption
(Kamble, 2004). These findings are as
follows:
– Platform width shows an inverse
relationship with exposure to the sea.
– Platform height increases as one goes
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Adgaon
Adgaon is a site north of Velas Agar,
which has a very wide shore platform of
about 180–200 m. width (Plate 2). Adgaon
platform does not have any cliff backing the
platform. Rather, the platform itself is like
a sloping pediment. Height of the landward
margin of the platform is much above the

present high tide level (1–1.5 m). Formation
of shore platform generally occurs near mid
tide level. (Carr and Graff, 1982). Hence their
location with reference to the tidal level gives
important clues about the past sea levels.
On the Adgaon platform, a unique feature
is a stack, which is about 2.5 m above the
present platform level (Plate 3). Presence of
such a wide platform at a relatively sheltered
location is an anomaly. Study of the stack
reveals the following:
– Adgaon Platform is a relict platform,
inherited from a higher surface. Remnant of
the higher surface is preserved in form of the
stack.
– Formation of the stack is a result of
rapid down-wearing of the stack rather than
retreat of the cliff. The most likely cause of
the down-wearing of the previous surface is
the fall in the relative sea level.
The stack therefore, is an important
geomorphic evidence of higher relative sea
levels in this area (Kamble, 2004).

Shekhadi and Aravi
The area near Shekhadi and Aravi does
not have any active rock-coast feature.
However, this area has the presence of beachrock formations, locally known as “Karel”
(Plate 4). These beach-rocks are found at
the landward margins of beaches and shore
platforms. Geomorphic importance of Karel
is due to following reasons:
– Beach rock is essentially a marine
deposit, which forms within the intertidal
zone. However, in the study area, occurrence
of Karel has been reported from much
landward locations. Study of this Karel
(Chaudhuri, 2003; Wakhare, 2003) shows
that the deposits are coarse-grained and
represent a high energy environment at the
time of their formation.
– The cementing process of the Karel
deposit has been due to fresh-water seepage.
The occurrence of Karel is not limited to
Aravi and Valavti, but also at places like
Diveagar and Shrivardhan. Occurrence
of Karel away from the present shoreline

Plate 2. Hareshwar cliff-platform

Plate 2. Adgaon Stack (1995)

Plate 3. Karel formation near Shekhadi
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supports the assumption that the area has
experienced a higher relative sea-level in the
past, when these deposits were formed.
Human activities on rocky coast
The landforms mentioned above were
well preserved and un-harmed when these
were first surveyed in 1995. When these were
re-visited periodically in 2016 and 2018,
it was found that many of these landforms
were damaged, disfigured or completely
destroyed by human activity. The increasing
importance of this area as a pilgrimage and
tourist destination has become a threat to the
otherwise secluded rocky coast landforms.
On the basis of field observations over a
period of time, documented by periodic
photographs the effect of human activities
over these features can be summarised as

follows:
Hareshwar has become a popular
pilgrimage place because of the temple
located at landward side of Hareshwar hill.
The pilgrims take up a holy “Pradakshina”
(a walk around the temple) which increases
the number of tourists walking over the shore
platforms.
Landforms are being subjected to
deification i.e. worshipped as deities. Boulder
scars are taken as deities’ footprints and small
caves have become shrines (Plate 5A, B, C)
Hundreds of pilgrims gather here to worship
these.
In order to facillitate the “Pradakshina”
and walking around the temple, the entire
platform near the temple has been paved (Plate
6). This has caused a complete destruction of
the sheltered portion of the platform. This part

Plate 5. Deification of geomorphic features, Hareshwar

Plate 6. Pavement constructed over the sheltered part of Hareshwar platform.
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was of immense importance as it represented
the low-energy sheltered environment.
Caves on the Hareshwar platform have
developed a dense and intricate pattern
of Tafoni (Plate 7A). Formed in severely
weathered basalt, these tafonis are very fragile.
Tourists often climb over the cave walls to
click photographs. This leads to crumbling
and collapse of tafoni walls. Thus, these
striking features are being rapidly destroyed.
Comparison of the two photographs of 1995
and 2015 clearly shows the damaged tafonis
on the cave wall (Plate 7B).
On Hareshwar platform, there are a
number of small and large weathering pools,
formed as a result of downwearing of the

Plate 7a. Hareshwar cave in 1995

Plate 8a. “Dinosour Rock” Stump in 1995

platform. The remnant of the preveous level
of platform is a stump which is about 50 cm
higher than the present platform (Plate 8A).
Due to its peculiar shape, it was known as a
“Dinosour Rock” and curious tourists would
climb over it to click photographs. Pictures of
1995 and 2015 show that a part of the stump
has collapsed or broken (Plate 8B) most
likely due to tourists climbing over it. Wave
action and tidal immersion can not possibly
break the stump the way it has been broken.
Adgaon Stack is an important feature on
the Adgaon platform which establishes the
fact that the present day platform is a result
of down-wearing of a surface, possibly due
to sea level rise. This stack didn’t have much

Plate 7b. Hareshwar cave in 2016.
Note the damaged Taffon

Plate 8b. Broken Stump in 2018
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human activity in 1995. Within 20 years,
however, the local villagers have built a
small temple over the stack. The offerings at
the temple as well as well as other wastes are
getting accumulated at the stack (Plate 9a, 9b)

and construction is causing removal of Karel
from nearshore zone. Removal of Karel
amounts to destruction of important evidence
of geomorphic history and sea-level changes.
All the above mentioned sites are north of

Plate 9a. Adgaon Stack in 2016

Plate 9b. Garbage dump at Adgaon stack

With increasing tourism in this area,
the near-shore zone has witnessed rise in
construction of holiday homes or beach

Hareshwar, where tourism and urbanisation
has significantly increased. South of
Hareshwar, there is a site called Velas, which

Plate 10. Construction in the Karel field near Shekhadi

houses (Plate 10). These are the areas which
have occurrence of Karel. Digging foundation
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is separated by a creek from the northern
locations, and is still far from human impact.

Plate 11. Velas – An undisturbed cliff-platform

A survey at Velas cliff platform reveals that
there has been almost no change in the cliff
platform features since 1995 (Plate 11).
Conclusion
The periodic monitoring of the rocky
coast sites in North Konkan reveals that the
otherwise resistant geomorphic features are
also deformed and degraded due to human
interference. Had it been only for the natural
processes operating, a basalt cliff platform
may not weather even by a centimeter in 20
years. Velas presents such a site which has
remained almost unchanged between 1995
to 2018. In the other areas, anthropogenic
impact has emerged as a major factor causing
landform consumption and degradation.
Going by the present conditions, the future
threats to these features can be easily foreseen.
The possible effects of this unprecedented
tourist interference can deface and deform
these geomorphic features.
Hareshwar platform may get completely
cemented or paved for the convenience
of pilgrims and an academically valuable
geomorphic site shall be lost forever. Fragile

tafoni formations shall be completely
obliterated by careless toursts. Karel
formations are likely to be excavated and
removed due to construction and the entire
rock-coasts may become garbage dumping
sites. Adgaon Stack may get established as a
full-fledged pilgrimage site.
Creating awareness among the local
people and the authorities may be of some
help to conserve these landforms. Local
authorities should be sensitised about the
educational value of the geomorphic features.
Geography Departments of nearby colleges
may take the responsibility of “adoption”
of such sites and help in their protection.
Hareshwar platform may be saved if it can
be taken over by the Maharashtra Tourism
and developed as an educational tourism site.
Nearshore Karel may be protected by control
on construction as per the Coastal Regulation
Zone (CRZ) rules.
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