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Geomorphology of Goa and Goa Coast.

A review

BuALCHANDRA G. WAGLE
Bhalchandra G. Wagle - National Insiitute of G

Abstract

This teview on the geomorphology of Goa and the
interpretation of LANDSAT images, aerial photographs and extensive
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Goa coast included studies on the
field work. Physio-

graphically the region can be broadly classified into: 1) the coastal tract; 2) sub-ghat region
and 3) the high ranges of the Western Ghats. The drainage is dominated by two directions:

1) directly to the sea
geological structure.

{(from E to W) and 2) the NW or NNW direction in accordance to the
"The overall Jandforms are the result of a combination of structure,

lithology, intrusion, volcanism, denudation and Quaternary sea level changes. Laterite cov-

ers the major portion of Goa and typically cccurs as

plateau landforms, The different later-

ite Jevels observed from 120 m level to sea level was the result of sea level fall. Remnants of

the plateau surfaces showing deep lateritic weathering profiles are common in the northern

part of Goa. The southern part presents a rugged topography with hills

upto 600 m. The coast is progra

having an altitude

ding along beaches and retreating along the cliffs and
headlands. Fluvial, marine and aeolian features are common along the coast. The presence
of laterite beds along the estuaries at a depth of 27 to 35 m below present sea level indicates

a drowned valley. Based on the disposition of landforms the present coast is neither emer-

gent nor submergent but it is a
beds, beach rock, beach ridges, o

combination of both. Occurrence of laterites conglomerate
1d tidal flats beyond the present day high water line are the

evidences of the sea level oscillations during the Quaternary.

KEv worps: geomorphology, remote sensing, Goa coast, sea level.

Introduction

*/_}/Along the central west coast of India, the

Goa state lies between latitude 14°48" and
15°48'N and longitudes 75°40" and 74°20'E
refi senting part of the Konkan coast. It is 2
natrow coastal strip located at the foot of
the Western Ghats. In some places there is a
steep scarp which starts at the plains at an
elevation of about 100 m rising to a height of
nearly 1000 m. The greatest distance be-
tween the Ghats and the sea is about 40 km,
but several hills are scattered throughout
this strip, /The earlier descriptions of Goa
are provided by geologists who studied the
area. They were not specifically interested in
the geomorphology but more on the litho-
logy and geological structure of the coastal
provinces.
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Geology and climate

A major part of Goa is covered by the
pre-Cambrian and Cuddapah rocks, The
rock types representing the Dharwars are
quartzites, metagraywackes and banded hae-
matite quartzite. These unfossiliferous meta-
sediments of Cuddapah age are profusely in-
truded by basic dykes. The Deccan traps
cover the ancient crystalline formations in
the northeast. Laterites and lateritic soils of
variable thickness are found to occur cap-
ping the rocks from the high plateaus of the
Sahyadri down to the sea level.

The area, being situated well within the °
fropics and flanked by the Arabian Sea to
the west and Western Ghats to the east, has
a tropical maritime and monsoon type of cli-
mate. Other climatic features are the regular
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and sufficient rainfall during the south-west
monsoon, mainly from June to Scptember
and the tropical weather during the rest of
the year. The annual rainfall is in the order
of 250 to 300 cm.™7

Geomorphology

Teiles (1911) and Feio (1956), described
the geomorphic problems of Goa paying
special attention to the Ghat Escarpment. It
is a sinuous border at whose front there is
relief which is often nearly as high as the
plateau further inland. The escarpment was
considered by them as an erosional. They
believed that the difference of levels of the
order of 1000 m between the Deccan Plateau
and the littoral region indicate a high prob-
ability of tectonism. They proposed a fault
oagroup of faults exist, positions of which
n¥Pexactly known but which is probably
not(?) very far from the present skoreline.

Wagle and Misra (1975), however, on the
basis of aerial photointerpretation and field
check in Goa and adjoining areas observed
intensive headward erosion of the rivers and
came to the conclusion that the present
western face of the Western Ghats is merely
a product of circumdenudation of an old ta-
ble land.

De Souza (1965) physiographically classi-
fied the Goa area into three regions: 1) the
coastal tract consisting of beaches, rugged
sea-cliffs, small isolated pocket beaches, re-
cent broad alluvial plains, vast estuaries,
older spits, dunes, beach ridges, broad hard
wave cut platforms etc.; 2) the tract between
the coast and the ghats, i.e., the «sub-ghats»
region and 3) the high ranges of the western
ghats rising to elevations of 900 to 2500 m
ab@: m.s). On the other hand Rao etal.
(1985), used LANDSAT images and aerial
photographs to interpret geomorphic and
morphotectonic features of Goa. Three
main physiographic zones are identified, viz.,
the narrow coastal plains on the west, fol-
lowed by a vast, dissected tableiand, and the
steeply rising Western Ghats. Four planar,
or erosional, surfaces range in age from Late
Mesozoic to Late Tertiary.

Sinha (1985), used the physiographic
boundaries to delineate four landscape posi-
tions of interest, such as hills (Laterite
soils), rolling to undulating upland {lateritic

—

21

soil and red loam soil), coastal plains
(coastal alluvium), and flood plains (saline
and nonsaline soil).

LANDSAT images were studied by Bhat-
tacharya et.al, (1985), in order to delin¢ate
the broad geology, geomorphology and
lineaments of a part of the west coast of In-
dia covering the Goa area. Their study has
not given any direct evidence of faulting
along the west coast.

Rao and Subramanian (1985), stated that
the geomorphology of Goa is the result of a
combination of several geomorphic proccs-
ses associated with climatic and eustatic sea
level changes, as well as tectonic move-
ments. They also indicated that there is
some relationship between the landforms
and mineral occurrences.

Sriram and Prasad (1979) noticed that the
remnants of planar surfaces, showing deep
lateritic weathering profiles, are common in
the northern part of Goa. The southern
part, however, presents a rugged topography
with hills having an altitude upto 600 m,
especially near the coast.

According to Pant etal, (1985), a cross
section of the Goa landscape comprises an
imposing chain of hills of Western Ghats in
the east, the undulating topography with
moderate hills alternating with low broad
valleys in the central part and the coastal
plains in the west.

Laterite mesas

Nearly two thirds of the area of Goa is
covered by a mantle of laterite ranging in
thickness from a couple of metres to over 40
metres. Generally maximum thickness of la-
terite is observed along the coast which thins
to the interior. The laterite mesas occupy al-
most all the coastal belt of the Goa area.
They crop out through more or less steep
escarpment and have almost flat surfaces.

De Souza (1968), while discussing the geo-
morphic features of the laterites of Goa,
states that the laterite covers the major por-
tion of Goa and typically occurs as plateau
landforms. Furthermore, the plateau-top la-
terite in Goa shows characteristics identical
to the «high level» type and it has differen-
tiated layers similar to other reported in situ
deposits. However, it is possible to recognise
a «high» and a «low» level variety of laterite
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within Goa on a single hill feature and its
adjoining lowlands.

According to Dikshit (1976), the flat hills
on the Goa coast are covered with a mantle
of laterite and present a contrast with the
Bombay coast. The caostal plain in the
northern part of Bombay derives its origin
from a combination of marine and fluvial ac-
tivities working in succession, whereas the
lateritic plateau in the south has remained
virtually unaffected.

Sriram and Prasad (1980), while discussing
the geomorphological evolution of the la-
teritic terrain of Goa composed a sequence
of events that are recognised as repetitive,
slow regional emergence with intermittent
phases of quiecence leading to the forma-
tion of the planation surface, the traces of
which are recorded at about 900 m, 700 m,
300 m and 200 m above present sea level. |

Wagle (1982), described the coastal later-
ite mesas. Their height varies from 40 to 100
m from m.s.l. The ground checks indicate
that they occupy mainly three levels, i.e., be-
tween 40-60 m, 60-80 m, and 80-100 m. The
tops are covered with massive laterite ran-
ging in thickness from 20 to 40 m.

Hypsographically (Kale and Rajaguru,
1983), the landscape of Goa is characterised
either by well indurated lateritic hilltops or
by nonlateritic plateau on the coast from a
lower sea level. Resting on the slopes of
these coasts are latgritic terraces with a
homogenous or heteregenous character.

Geomorphic and genetic studies of Jater-
ites of Goa (Sriram and Jena 1985) indicate
that though there is no direct geomorphic
control in the residual iron and manganese
ores, the altitudes of their occurrences indi-
cate that they are mostly confined to plana-
tion surfaces below 200 m. The process of la-
teritisation on the 200 m planation surface
after its emergence is probably responsible for
the conversion of the banded iron formation
and manganiferous chert into exploitable resid-
ual ores of iron and manganese, respectively.

Drainage

Rivers draining the area originate from
the Sahyadri ranges and have reached their
base level of erosion within a distance of
20-30 km. They are under tidal influence for
most of their length towards the coast. The
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rivers run mostly straight with sharp bends
and meandering is a rare phenomenon.
They have picked out the lineaments and
lines of weakness in preference to the gener-
al direction of the slopes. The drainage net-
work is predominantly in two directions fol-
lowing the regional trend. Though these ri-
vers are having tremendous headward ero-
ding capacity, and rainfal and climate are
also favourable for the formation of delta,
no delta is found developed anywhere along
the coast. This perhaps may be because of
submergence or due to the strong dispersion
of sediments at the mouth of the rivers by
waves and currents (Wagle, 1991).

Feio (1956), observed that the drainage in
Goa is dominated by two directions: 1) dir-
ectly to the sea (from east to west), and 2)
the NW or NNW direction in accordance to
the geological structure.

Desai and Peshwa (1978) studied jthe
drainage anomalies on the west coast re
of Maharashtra and Goa based on remote
sensing data and explained that the lithology
and structure controlled the drainage. The
Dharwarian strike in central Goa controls
the river Mondovi for nearly 15 km, while in
the eastern region the river is controlled by
fractures parallel to the axes of cross folds.

According to Rao et al., (1985), the drain-
age in Goa is consequently to the west via
the faulting direction formed during the
post-Deccan trap period, and has mainly
evolved in the midTertiary.

Based on the morphometric analysis of
seven major river basins of Goa (Iyer and
Wagle 1987), the plots of stream order ver-
sus stream numbers, and stream order ver-
sus mean stream lengths, are found to satisfy
Horton’s Laws. It is also observed that the
drainage has adjusted very well to the struc-
tures of the country rocks. 'y

Coast

Goa state has a long coastline of about
105 km, constituted by alternately situated
headlands, estuaries, bays and world famous
beautiful beaches. The coast shows marine,
fluvial and aeolian features. Erosion and ac-
cretion features indicate that the coast is
prograding along beaches and retreating
along cliffs and headlands. Based on the dis-
position of the landforms the present coast
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is neither of emergent nature nor of submer-
gent nature, but it is a combination of both.

Feio (1958) verified the similarity in evo-
lution among the littoral zones of Goa, Por-
tugal and northeast of Brazil and he admit-
ted that the regression observed from 120 m
level to the present sea level was the result
of sca level fall. Based on the physiographic
features De Souza (1965), indicates Goa
coastline as a coastline of submergence of
the «ria» type which has now reached the
«late youth» stage of development.

Vaidyanadhan (1968), based on the topo-
graphic maps of Goa, marked the geomor-
phological features like filled bays, marshy
areas, sea cliffs, stacks, tidal flats, tombolos, etc.

Ahmed (1972), in his book entitled
«Coastal Geomorphology of India», margin-
ally touched on the Goa coast. He consid-
ered this coast as submergent rocky inden-
tedecoast because of high degree of indenta-
ti arked by ria-like shore, and rocky pro-
montories and headlands, numerous cliffs
and rock plains, stacks, sea-caves and num-
bers of offshore rocky islands.

Dikshit (1976), while discussing the geo-
morphic features of the west coast of India
between Bombay and Goa, touched on the
coastal gecomorphology of Goa and summar-
ised the evidence that throws some light on
the tectonic history and the eustatic changes
in the area. The coast south of 18°30'N
shows regular cliffs, drowned valleys, and
bayhead beaches, all contraposed against
the laterite plateau of Konkan. This contrast
in coastal forms within a distance of 100 km
can be analysed in the light of climate, litho-
logy and tectonic history of the different re-
gional components of the coast. The rivers
have estuaries bordered by littoral terraces
that are covered with silt. The terraces, usu-
all. m above sea level, extend even into
the non-estuarine areas. These are really an-
cient abrasion platforms which now appear
as littoral terraces alternating with coastal
hills, tidal flats and beaches.

Sriram and Prasad (1979) surmised that the
present coast emerged during the Neogene
and presumably before the onset of Pleisto-
cene glaciation. Submergence could be either
due to a eustatic rise of sea level or to faulting
and subsidence of landmass or to both.

According to Guzder (1980) the occur-
rence of laterite gravel close to sea level in
Goa is evidence of sea level oscillations dur-
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ing the Quaternary.

Wagle (1982), based on observations and
the interpretation of aerial photographs of
the Goa coast, identified fluvial, marine and
eolian features such as, tidal flats, river ter-
races, mesas, wave-cut platforms, old beach
ridges, dune, etc. The islands near the coast
are parts of coastal headlands now isolated
from the retrograding coast. Some islands
are merged with the mainland by tombolos
or alluvial plains. The presence of laterite
beds along the estuaries at a depth of 20, 27
and 34 m below present sea level (Feio,
1956) indicates a drowned valley.

Subramanyam and Rao (1982) studied
coastal Goa and Karnataka to evaluate the
genetic evolution of landforms and the in-
terrelationship between the landforms and
the landuse pattern. The present day land-
form distribution possibly reflects evidence
of Tertiary denudational processes which ac-
ted upon various rock types, which have un-
dergone either upward or downward move-
ment since Archaen times. Effects of eusta-
tic changes, particu]arly towards the coast,
are also evident.

The stratigraphic location of the Colva
wood that was found in a well escavation,
about 500 m from the present high tide line,
and the radiocarbon date of that wood sam-
ple suggest that during mid-Miocene the sea
level was lower than it is at the present
(Kale and Rajaguru, 1983).

Bird (1985) and Bird and Schwartz (1985)
have also taken into account Goa’s coastline
while describing the west coast of India in
their books.

Wagle (1987), while describing the geo-
morphology and evolution of the coastal and
offshore areas of Maharashtra and Goa,
presented a general geomorphological pic-
ture of the coastal area and the processes
operating therein.

Hill facies, 1-2 km inland from the present
shore are the abandoned seacliffs, They are
no longer undergoing wave attack. Beach
rock, cavernous weathering, sea caves and
sea arches are seen well beyond the present
highest high tide level indicating lowering of
sea level (Wagle, 1989).

Conclusions

The above review shows that although
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geomorphological studies of Goa date back
to the the beginning of this century, progress
in understanding has been very slow till
1962. After a sufficient background of geo-
morphology has been gained it seems that
many other geomorphological aspects need
careful studies not only by geomorphologists
and geologists but also by other Earth
scientists. The most important aspects still
to be studied include: 1) relative sea level

" REFERENCES

Amep E., 1972. Coastal geomorphology of India. Or-
ient, Longman, 222 pp.

BHATTACHARYA A., PERUMAL A. AND Roy K., 1985.
Landsat interpretation of geology and geomorpho-
logy of a part of West Coast between Malvan and
Mangalore, India (Abstract). Seminar Volume on
Earth Resources for Goa’s Development, p. 618.

Birp E.C.F., 1985. Coastline Changes: A Global Re-
view. John Wiley and Sons, New York.

Bmp E.CF. anp ScawarTz M.L. (Eds.), 1985. The
Word’s Coastllne. Van Nostrand Reinhold, Strouds-
burg, Pennsylvania.

‘.}é D= Soza N G.. 1968, Some aspects of the geomorpho-
gy, of L Tiutaiesk ]

geomorphit features of -
the Taterite of (Ga: Symposium Evolutiéh _of Indian:::
Peninsula~ University, Mysoie -21st Intérnational =
Geographical Congress, ppi=12e-_

Dissal: A.G. AND PisHwa V.V, 1978, Drainiage anoma-..
lies in the west coast region of Malidrashtra and...
Goay India. A-study based on Landsat imagery.and.::
aerial phof¢ interpretation. Symposium Froceedings--
on morphology and evolution of landforms. Univers-
ity Delhi, 255-259..._

Dikswur KR., 1976, Geomorphic features of the west
coast of India between Bombay, and Goa. Geogra-
phical Review of India, 38/3,. 260-281.

Feic M., 1956. Problema geomorphologicas de.Goa.
Garcia de Orta. Reévista Junta des Missoes Geoqrafi-._
cas Investigacoes Ultramar, 79, p: 3% -

Frro M., 1958/ Le nivedd de i mer ddhs le Ovaternaire-:=
a Goa, glLPOi'tugaLcontinental ¢ dans le nord-est du

Brezilll Congress (Communicacogs portugucsas acs
11T} dd" Associagao Cientifica do Paises do Oceano......
Indico, 5/4, p. 5

GUzpER S.J., 1080, Quaternary environment and stong:=
age. Culwres of the Konkan, Coastal. Maharashtra,
India. Dulletin Deccan College, Pune.

IvEr S.D. aND WaGLE B.G., 1987. Morphometric analy;_
sis of the rivér basins in Goa. Geographical Review
of India, 49/2, 11-18._ :

KaLE V.S. anD Ralaguru SN, 1983. Mid-Holocene
Fossil Wood fiom Colva, Guoa. Current Science 2/16,..-
T78-T79:=

KaLg V.S. AND. Rajaguru S.N:;"1983. Same aspects of =
the Quaternary History of Goa. Biilletifi “of Deccan -
College, Pune, p. 42.

KALE V.S. AND Razaguru S.N., 1985. Neogene and
Quaternary transgressional and regressional history
of the West Coast of India - An overview. Bulletin of
Deccan College, Pune, p. 44.

24

Ty Vi vt [T VTR sty b e o ) Lmdera o
- J “Ind
"""" developiient, 380582 — “°°
Siiiram Ko~ anp JENA- BK; 1985:~Geomorp ic"and...
genetic studies.of laterite of Goa,- Seminar. Yolume; -
on Farth Resources for Goa’s development, p. 616w
SriRaM K aND PrRasAD K.N.T1979. Observations on the
geomorphology of Goa. Journal Géological Society
of tudia, 20, 608-614.~
SKiraM M.K.-AND PRASAD K.N.-1980. Gédbmorphic olrz-
servation of the lateritic tetraifi in Goa Billetin Oil'-
and Natural Gas Commission 17, 293-298.
SusraMaNiaN S.K. aND Rao D.P., 1987 Land use in
relation to landforms - A case study of coastal Goa
and Karnataka, Proceedings of Symposiunr on re-
sources survey landuse, planning and envirenmental
obstrvation, 121425
TeLLES ., 19117 Goa - Estudn de Geomorpliclogia. Bo-
letim 2*classe. Actas Pareceres; Estudos, Documen= |
~ tos e Noticias (Academid d ‘Stiencias de Lisboay, 4. Tl
N =y TR T UL SO
VAIDYANADHAN R:; 1968. Indég to a set of slxty tor=ora- N
phic maps. Publicatiohs bf the CSIR, New Delh._ 22
WactLE B.G., 1982. Geéomorphology of the Goa Coast.
Proceedings of the Indian Academy of . Sciences
(Earth and Planctary Sciences), 91, 105-117."
WAGLE B.G., 1987 Géomorphology and Evolution of
the. (Goa Coast and offshore areas of Maharashtra
and Goa, India. Unpublished Ph. D. Thesis, Bambay*
University- :
WacLe DG 1989. Morphology and evolution of the
Central West Coast of India. Mahasagar; 22, 13-21.
WAGLE B.G., 1991, Shores of the Central West coast of
India-A case study using Ké¢mote Sensing data, Ma=:
hasagar, 24, 13-20.- ? |
WaGLE B.G. AND MisSRA K8 1975 A geomorphologi-- -
cal survey of Goa and adjoining area. Indian Photo-
Interpretation Institute, Dehradun, p. 45, (unpu-
blished report).

changes and their evidence; 2) dating of for-
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ver bed studies; 5) study of estuaries, their
origin and evolation.

Acknowledgement

The author is grateful to Dr. B, N. Desai, Director, National Institute
of Oceanography, Goa, for permission to publish this material and to Shri
R. R. Nair for encouragement,

PANT A., SRIVASTAVA A K. AND SrivasTAava V.C., 1985.
The changing landscape of Goa — Need for environ-
mental planning and management. Seminar Volume
on Earth Resources for Goa's development, Ab-
stract, p. 613.

Rao P.P, Rau AV. ano Nair MM, 1985. Geomor-
phology of Goa. Seminar Volume on Earth Re-
sources for Goa’s development, 583-588.

Rao D.P. AND SUBRAMANIAN S.K., 1985. Some observa-
tions on the geomorphology of Goa. Semina, ">
lume on Earth Resources for Goa's Developiuctit,
Abstract, p. 616.

Smia AXK., 1985. Studies on application of satellite

n  retndosismiptednnednioeical ASPECES of Goa,

Sorihat Voitime b Bafth Kesources o aga s 1

fr




