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NEOTECTONIC STUDY OF THE AREA AROUND LANJA
TALUKA, DISTRICT RATNAGIRI, MAHARASHTRA.

1. PROLOGUE:
This technical report deals with tectonic and geomorphic investigations to
decipher neotectonic activities in the area around Lanja Taluka, District
Ratnagiri, Maharashtra, sponsored by UGC, Pune for the minor research
proposal in Geology.
This report embodies the results of analyses of morphotectonic, remote
sensing, Digital Elevation Modeling (DEM), geomorphic and field investigations.
This report also includes papers and abstracts published and presented in
various national and international journals and symposia. (Appendix – I)
1.1 AREA:
The area situated at southwestern part of the Deccan Volcanic Province (DVP)
between Ratnagiri and Vijaydurg in the State of Maharashtra has been studied.
The study area exposes Ambenali formations (65+0.7 Ma respectively)
represented by massive and amygdaloidal basaltic flows. At some places these
basaltic flows are overlain by laterite capping. Physiographically the Deccan
Volcanic Province (DVP) can be divided into three regions, from west to east;
viz. (1) the Konkan Coastal Belt, (2) the Western Ghats and (3) the Maharashtra
plateau. The Konkan Coastal Belt (KCB) is coastal low-land forming narrow and
elongated strip of land whose average width is about 50 km. Morphotectonic
features of northern section of passive western continental margin of India
from west to east are coast line, KCB and Western Ghat Scrap (WGS) popularly
known as Sahyadri (Fig.1) paralleling to each other. The coastline in the study
area consists of many long northwesterly trending straight segments arranged
in a right-handed en-echelon pattern. These are connected by E-W trending
short segments. As a result, an overall Z pattern is discernible in the geometry
of the coastline. The E-W offsets have become the site of confluence of major
rivers flowing down from the Western Ghats. (Fig. 1).Drainage patterns are
rectangular, braided and trellis to barbed type suggesting structural control.
The area is traversed by several east-west trending ridges and west flowing
rivers

and

their

tributaries

with

steep

to

moderate

gradients.

Geomorphologically this belt exhibits numerous plateaus and E-W trending
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ridges at different altitudes up to a width around 40km from coast line and
further east it suddenly rises to great heights forming scrap facing towards
west. The most common geomorphic features recognized along coastline are
raised beaches, stabilized dunes, mud flats, drowned valleys, estuaries, laterite
platforms, weathered hills, hilly interfluves, cliffs, plaeaux etc. Studies also
indicate the presence of submergence and emergence coast formed due to sea
level changes and tectonic movements (Dikshit, 1993). Summer and rainy are
two major seasons and hence whether is hot and humid. It receives 2000 to
3000 mm rainfall per year. Most of this belt is under forest and soil cover of
varying density and thickness respectively
The area is dissected by many large-scale fractures and faults which appear as
lineaments on the FCC. The lineaments have a dominant trend in NNW-SSE
direction and a secondary trend in ENE-WSW direction. The coastline and rivers
are strongly controlled by lineaments. The structural grains of the underlying
gneisses have controlled the trend of the lineaments in the KCB.
The present study is a preliminary work and emerged while carrying out
remote sensing application on the southern coast of Maharashtra. The remote
sensing data provide significant information regarding physical setting, tectonic
features, and coastal landforms supported by in situ field data.
Thus it is proposed to identify and quantify the tectonic controls and
geomorphic features of the Lanja area from southern KCB using tools of
tectonic geomorphology. This investigation will be useful to understand the
tectonic evolution of the southern KCB and to assess the areas of potential
seismicity.
The area under study is bounded by latitudes 16 030’N and 1700’N and
longitudes 73015’E and 73030’E in Lanja Taluka of Ratnagiri District of southern
West Coast of Maharashtra. The area is covered by Survey of India Toposheet
Nos. 47H/5,6,9 and 10.
1.2 GEOLOGY OF THE AREA:
The Deccan Traps constitute a large continental flood basalt (CFB) province
formed at the Cretaceous / Tertiary boundary (~65Ma). The basalts are
dominantly of tholeiitic type. The lavas are thickest (~2000m) in the Western
Ghat escarpment. Kalsubai (1646m ASL) is the highest elevation found in the
traps.
An approach of systematic study of geochemical stratigraphy was attempted in
Deccan Trap by several scientists (Subbarao and Hooper, 1988; Mitchel and
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Study area

Fig. 1: Location map of the study area.
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Cox, 1988; Cox and Hawkesworth, 1985). The main principle involved in this
study is to characterize the groups of the lava flows with distinctive chemical
signatures, based on major and trace elements and inter elemental ratios.
These have been found to be persistent over long distances within the same
group of flows. In the following tables of stratigraphy of the western Deccan as
determined by geochemical mapping and by field studies is presented. There is
close correspondence between the below two stratigraphic successions (tables
1 and 2).These studies provide a broad framework of the Deccan stratigraphy.
The Geological Survey of India (GSI), based on field mapping established
stratigraphic framework of lava pile for major part of Western Ghat. Long
distance correlation was attempted by recognizing the regional marker horizon
such as Giant Phenocryst Basalt (GPB) flow and establishing regional gradients
of lava layers. The stratigraphic succession of Western Ghat suggested by GSI is
as follows:
Table 1: Stratigraphic Succession of Western Ghat (GSI):
Group Subgroup

Formation

NORTH SAHYADRI GROUP

Mahabaleshwar Mahabaleshwar

Thickness
(m)
400

Purandargad

525

Diveghat

Diveghat

375

Lonavala

Karla
Indrayani
Upper Ratangad
Lower Ratangad
Salhar

450
250
600
450
350+

Kalsubai

Characteristics
Hard, compact, dark
grey and fine grained.
Felspar pyric, columnar
jointed ‘aa’ flows.
Hard, fine grained,
compact, dark grey.
Simple ‘aa’ flows.
Hard, dark grey,
compact. Occurs in
northern part of
Sahyadri.
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Table 2: Stratigraphic succession of Deccan Volcanic Group of Western Ghats.
(Subbarao et al., 2000; Subbarao and Hooper, 1988; Cox and Hawkesworth,
1985; Bodas et al., 1985; Beane et al., 1986 and Devey and Lightfoot, 1986)
Group Sub-Group

WAI

Formation
Desur
Panhala
Mahabaleshwar
Ambenali

DECCAN BASALT

Poladpur
LONAWALA

Bushe
Khandala

66.7±1.0a
67.7±3.0a
65.0±0.7c
72.0±0.6c
68.0±0.6c

Thakurwadi

KALSUBAI

Member / Flow

-

65.0±4b

Bhimshankar
66.7±1.0a
71.0±4a

Neral

66.9±0.6a
62.1±1.2a

Igatpuri

66.6±2.0a

Jawahar

a

Age (Ma)

68.5±0.6a

Monkey Hill GPB
Giravalli GPB
Thakurwadi Chemical
type
High TiO2 Thakurwadi
type
Thakurwadi Chemical
type
Jammu Patti Member
Tunnel five basalt
Neral Chemical type
Tembre Basalt
Neral Chemical type
Ambivili Picritic Basalt
Kashele GPB
Nilamati
Thalghat GPB
Juni Jawahar
Val River
Golbhan Phyric
Devbandh
Khardi Phyric

BASEMENT
– Duncan and Pyle, 1988; – Venkatesan et al., 1986; c – Venkatesan et al., 1993.
b

The study area exposes horizontally disposed Deccan Flood basalt of Ambenali
formations (65+0.7Ma). Geomorphologically, the western coast is rimmed by
plateaux capped by laterite (Fig.2). In west coast, Widdowson and Gunnell
(1999) showed several phases of laterite formation on the coastal plain. The
elevation of the coastal laterite (up to 200 m) together with associated
development of an entrenched drainage indicates that widespread uplift has
affected the margin during Late Tertiary times. Marine wave cut platforms
9

covered with bed sediments are numerous throughout the area indicating late
tertiary uplift.

Fig.2: Geological Map of the area.
1.3 REGIONAL TECTONICS:
Indian plate was the location of acute intra-plate volcanism during K-T
(Cretaceous-Tertiary) boundary, which resulted in the formation of the protoDeccan Volcanic Province. It was the end product of series tectonic events and
processes such as the northward movement of the Indian plate, plume activity
related to the Reunion Hotspot resulting in the generation of basalt magma,
the rise of this magma into the lithosphere with consequent crustal arching and
finally the rifting related to development of Cambay tectonic triple junction
(Radhakrishna, 1991; Powar, 1993). Post magmatic tectonism was responsible
for the submergence under the Arabian Sea of part of the proto-province lying
to the west of West Coast Fault and for the development of horst and grabens.
The submergence was initiated in the early Eocene times and has continued
spasmodically to the present (Babenko et al., 1981). Powar (1993) suggest that
the westernmost part of DVP has undergone episodic cymatogenic uplift
particularly during the Quaternary time.
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Major Rift
Major Shear
Major Fault

N

Cenozoic Sediments
Deccan CFB
Archean-Proterozoic
Dharwar supergroup
Peninsular gneiss &
Migmatites

Fig. 3 Regional Indian geology and associated major rifts, shear zones and faults.
(Modified after Campanile, D. J., 2007)
The general structure of the lava pile comprises a broad anticline-monocline
dipping gently to the south (Beane et al., 1986; Devey and Lightfoot, 1986). The
fold axis and Western Ghat ridge coincide almost exactly. Westerly component
of fold increases its dip to 30 - 40 WSW at west of the scarp along the coastal
Mumbai (Subbarao and Hooper, 1988). The westerly dip rises to 10 0-200 west
in Mumbai region (Dessai and Bertrand, 1995). The anticlinal structure plunges
towards north by 0.50 - 20. Another important structure in DVP is the westerly
dipping Panvel Flexure in the Mumbai region (Figure 3) (Dessai and Bertrand,
1995; Sheth, 1998). It is coast parallel monoclinal bending of the lava flows
(Blanford, 1867; Auden, 1949). Panvel flexure has been used as evidence to
support margin evolution by means of the downwarp model (Widdowson,
1997; Widdowson and Cox, 1996; Widdowson and Gunnell, 1999). Dessai and
Bertrand (1995) refer the Panvel flexure as an extensional fault structure with
the help of field checks and remote sensing data. They proposed the model
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implies east dipping normal faults and westward tilting of fault blocks (Fig. 4b).
Sheth (1998) modified the extensional fault model and proposed that the
Panvel flexure is a listric fault-controlled reverse drag structure (Figure 4A).
These non-flexural models bring into question the downwarp prototype
making it necessary to consider the competing group of models, escarpment
development into an elevated rifted margin.
According to Ghodke (1978) the KCB is an area of tectonic disturbances. He
observed complex folded and faulted structures in the region. He attributed
the origin of conjugate fracture system to possible anticlockwise rotation of the
Indian block during the period (55Ma) of northward drift. This anticlockwise
rotation of lesser magnitude might have given rise to the N-S, NE-SW and NWSE conjugate system of fractures. Das and Ray (1977) continued Panvel flexure
up to Rajapur in Ratnagiri district, along the line of hot springs.
Multidisciplinary reviews involving relative dating of erosion surfaces (Gunnell,
1998), fluvial network characteristics (Gunnell and Fleitout, 1998), laterite
occurrences and distribution of relief have attempted to constrain a surface
uplift chronology in order to understand the subsequent development of the
Western Ghats (Radhakrishna, 1967, 1993; Vaidyanadhan, 1977; Widdowson,
1997; Widdowson and Cox, 1996). These studies recognize that the Indian
peninsula has experienced ongoing surface uplift resulting in the elevation of
erosion surfaces, their dissection and partial destruction, and the evolution of
the escarpment since the formation of the western margin. Formation of the
escarpment and the uplift of the Deccan plateau must have occurred after
basalt emplacement at 64 – 67 Ma contemporaneous with rifting between
Western Indian and The Seychelles. The onshore outcrop of the Deccan can be
traced offshore where it becomes covered by Cenozoic sediments (Naini and
Talwani, 1982). Shear zones and fracture zones are very common in the Deccan
Traps, but in many cases no displacement can be deciphered due to lack of
marker horizons. (Dessai and Bartrand) According to Nielsen and Brooks (1981)
the western margin of India represents an extensional fault structure.
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Fig. 4: Alternative models of Panvel flexure (After Campanile, D. J., 2007)
a. Model proposed by Sheth (1998) viewing the Panvel flexure as a reverse
drag structure.
b. Model suggesting the Panvel flexure is an extensional fault structure (Dessai
and Bertrand, 1995)

2. OBJECTIVES:
Main objectives of the proposed work are1. To recognize geomorphic, tectonic features and areas of land instability.
2. To understand the impact of neotectonic activity on the geomorphic and
tectonic features.
3. To understand Quaternary tectonic events.
4. To understand landscape evolution.

3. DATA USED AND METHODOLOGY:
3.1 REMOTE SENSING:
The remote sensing analysis and preparation of thematic maps has been done
with the help of digital geocoded data of IRSP6 LIS III of Path: 095 and Row: 061
captured on date: 18th February 2004. Landsat ETM+ (Enhanced Thematic
Mapper Plus) multi-temporal, multi-spectral and multi-resolution range is also
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used to analyze the thematic maps (fig. 2). Landsat ETM+ data has pixel
resolution of 30m. Various thematic maps were prepared with the help of
IRSP6 and Landsat ETM+ digital data, viz. lineament map, spectral
enhancement, drainage map and geomorphic maps to know the tectonic
setting and geomorphic zones of the study area. The Shuttle Radar Topography
Mission (SRTM) obtained elevation data on a near-global scale to generate the
most complete high-resolution digital topographic database of Earth. 90 meter
resolution of SRTM data is freely available on NASA site and it is used to
generate Digital Elevation Models (DEM) and terrain analysis.
3.2 MORPHOTECTONIC ANALYSIS:
Morphotectonic analysis of the study area has been carried out with the help of
Survey Of India (SOI) topographic maps of 1:50,000 scale and Digital Elevation Model
(DEM). Morphotectonic analysis has been carried out for the major rivers; viz. Kajli
river, Machkandi river, Kodavli river and Vaghotan river in the study area.
Morphotectonic study comprises analysis and interpretation of morphotectonic
indices that have been used successfully in studies of active tectonics, viz. 1) river
longitudinal profile – normalized steepness and concavity of streams (Ksn and ), 2)
stream gradient index (SL), 3) hypsometric integral (I) and 4) asymmetry factor (AF).

3.3 FIELD VISITS:
Based on preliminary thematic maps prepared by using Remote sensing data analysis
and quantification of geomorphic and tectonic features field visits have been
undertaken to investigate morphotectonic markers which are useful to understand the
effects of neotectonic activity.

4. REMOTE SENSING ANALYSIS:
Remote sensing is the acquisition of information about an object without physical contact. It
includes photographic and digital remote sensors. Aircraft and satellites are major platforms
for the sensors
A technology called image processing is employed to distort, enhance and extract
information from the images. Image-processing methods may be grouped into three
functional categories; these are defined below together with lists of typical processing
routines.


Image restoration compensates for data errors, noise, and geometric distortions
introduced during the scanning, recording, and playback operations.



o

Filtering of random noise

o

Correcting for atmospheric scattering

o

Correcting geometric distortions

Image enhancement alters the visual impact that the image has on the interpreter in
a fashion that improves the information content.
o

Contrast enhancement
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o

Intensity, hue, and saturation transformations

o

Density slicing

o

Edge enhancement

o

Making digital mosaics

o

Producing synthetic stereo images

Information extraction utilizes the decision-making capability of the computer to
recognize and classify pixels on the basis of their digital signatures.
o

Producing principal-component images (PCI)

o

Producing ratio images (Ratioing)

o

Multispectral classification

o

Producing change-detection images

Image enhancement and various image processing routines have been done for the
information extraction.
Different colour composites were prepared for visual interpretation. RGB 532 was observed
to be more helpful in delineating lineaments. The fifth band is more sensitive to moisture
content. So the composites containing the fifth band are useful in identifying different types
of vegetations and corresponding landforms. Also the quaternary sedimentary deposits are
well differentiated in these composites. Another combination of composites (RGB 543) is
used to differentiate vegetation from rest of the terrain. The standard FCC (RGB 432) was
used as the primary image for visual interpretation of all types of landforms. (Fig. 5)
Different filters are used to enhance the image and to delineate major and minor lineaments
(Fig.6). Since the terrain under study comprises of laterites and basalts, with clearly different
spectral characters, it is easy to classify it using maximum likelihood classifier. The training
sites are chosen In the field study with the help of GPS and their spectral characters are
determine for the preparation of geological map of the area (Fig. 2)
Fig.

5: The FCC (Bands RGB;
432) of the study area
prepared from satellite
data IRS P6 LISS III.
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Prewitt filter along NE direction

Prewitt filter along EW direction

Sobel filter along NS direction

Sobel filter along NW direction

Image at Sun angle at
Image at Sun angle at
Azimuth 248 Elevation 1
Azimuth 68 Elevation 7
Figure 6: Parts of the study area are displayed using various directional filters and at various Sun angles.
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4.1 DIGITAL ELEVATION MODEL (DEM):
The Shuttle Radar Topographic Mission (SRTM) elevation data has been used to
produce DEM. It is base of the form of digital topographic data. The capture
resolution is 3arc second with pixel resolution 90m in World Reference System
(WRS-2) and dated Feb. 2000. The source of these data sets is Global Land Cover
Facility (GLCF), www.landcover.org. The advantage of SRTM data is to minimize
the influence of vegetation and perennial clouds, if any (Asner 2001).
The DEM is further processed for the accuracy assessment with the help of
Ground Control points (GCPs) marked at the time of fieldwork and ortho-corrected
with that of topographic maps. The slope map, aspect map, shaded relief map and
relative relief map have been generated with the help of DEM, of which, slope
map is presented (Fig.7).

Fig. 7: Slope (in degree) map of the study area.
4.2 LINEAMENT ANALYSIS:
The KCB expresses the dense network and complex pattern of lineaments. These
lineaments include major and minor lineaments. All these lineaments and the
other major morphotectonic features of western India are intimately related to
the series of events of intense intra-plate volcanism, the role of compression
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resulting from the collision of Indian plate and its subsequent subduction below
the Eurasian plate and vigorous post-Deccan Trap history of cymatogenic uplift
(Powar, 1980 and 1993). The reactivation and superimposition of weak zones in
the basement upon the horizontally disposed lava flows of Deccan Traps, has also
increased the density and complexity of lineaments in the KCB (Drury and Holt,
1980; Powar, 1981; and Kale and Peshwa, 1988). These lineaments represent
preferentially aligned fracture zones, fault zones, dyke swarms. (Powar, 1980;
Deshmukh and Sehgal, 1988; Powar, 1993; Desai and Bertrand, 1995 and
Srinivasan, 2002).

Fig. 8: Lineament map of the area.
4.2.1 LINEAMENTS IN KCB:
Lineaments in this region (Fig.8) are recognizable in the forms of deep and straight to
curvilinear valleys, linear scarps, ridges and linear tonal variations. These are
continuous or discontinuous lineaments for the distance in the range of 5 to 85km and
most of them have controlled the drainage pattern mainly in the eastern region in the
form of trellis and asymmetrical drainage patterns. Lineaments were described by
means of dominating orientation criteria helped to assemble them into three broad
groups, viz., (i) N-S trend, (ii) NW-SE trend and iii) ENE – WSW trend. The shape of
trace of lineaments helped to recognise nature of weak zones. This map exhibits the
angular relationship between lineaments. The NW-SE and ENE-WSW trending
lineaments express acute and obtuse angles pattern. The acute dihedral angle (2θ)
measured between these two sets of lineaments is greater than 500 which are in the
range of 550 to 590, indicating these lineaments are conjugate shear fracture. Bisecting
the acute angle is an axis of maximum stress (σ1) responsible for the development of
such conjugate fractures (Dunne and Hancock, 1994).
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a

b

Fig.9: a- Digital Elevation Model of the study area
b.: E-W profile
4.2.1.1 N-S TRENDING LINEAMENTS:
These are continuous, distinct to indistinct lineaments either coincide linear coastal
line segments or straight to curvilinear valleys. Curvilinear lineaments are longer than
the straight lineaments and hence represent the major. The trend of straight
lineaments is about N100W, while those of curvilinear lineaments are varying from
N400W, through N-S to N200E. These are seen all over the region and are apparently
parallel to the west coast fault and Panvel lineament. The region east of Lanja exhibits
four curvilinear lineaments parallel to each other, out of which L1 to L3 are major and
distinct lineaments. The concave traces of these lineaments are towards west and
transverse to the general slope of the KCB and are controlling the N-S deep and
transverse valleys of Palu and Agav tributaries of Kajali river. L4 lineament locating
west of curvilinear lineaments is sinus, has controlled the stream segments and also
coincide the line of hot springs extending from Vajreshwari in Thane district in the
north and to the Rajapur in the south. N-S trending lineaments exhibit intense steep
fracturing (Fig.4a) and slicken sliding down the dip indicating vertical displacement
along the fault. These intense fractures represent sub-vertical extension fractures to
develop wide shatter zone in the dialational hanging wall. Considering these
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lineaments parallel to the west coast fault and Panvel flexure, steep intense fracturing
along them with slicken sliding down the dip, it tends to infer that L1 to L4 lineaments
are normal faults. The curvilinear and sinus shape of them is indicative of listric type.
Waterfalls, potholes and ‘V’ shaped valleys along these lineaments are indicative of
rejuvenation during Neogene time. The region west of L4 lineament displays numerous
small scale straight lineaments (L5). Few of them are straight segments of coast line
and others are in the inland which follows N-S streams and valleys. South of L1 to L3
lineaments, the L6 east facing curvilinear lineament exists.
DEMs exhibiting lineaments separates the blocks of varying relative relief, landforms
and drainage patterns indicate those blocks are bounded by faults. The prominent
ridge is bounded by L1 and L2 lineaments, while the region between L2 and L3
lineaments has E-W trending ridges and valleys. The westerly flowing Salpe stream
along one of the valleys exhibit giant potholes at its western end whereas tilting of
lava flow contact at 60 (Fig.4b) is observed at the eastern end. These features indicate
the upliftment as well as rotation of the block lying between L2 and L3 lineaments
along N-S axis. The E-W artificial vertical section across a ridge, east of L3 lineament,
near Khorninko village also exhibit tilting of lava flows at 60 towards east indicate back
tilting as a result of rotation along N-S axis. Thus, the curvilinear lineaments and
rotation along N-S axis of L1 to L3 lineaments is indicative of listric type of normal faults
whose eastern block of each is upthrown footwall while western side is downthrown
hanging wall. L4 lineament coincides the line of hot springs indicate the presence of
deep seated fault zone. The western block of L4 lineament has higher relative relief
and degree of drainage dissection than relatively featureless eastern side block.
Sudden increase in sinuosity of Beni river very close to this lineament also strongly
supports presence of fault zone. Thus, it is inferred that the weak zone coinciding L4
lineament is a normal fault whose western block has uplifted while the eastern block is
downthrown. The L5 lineaments are parallel to the coast line suggest that they are
related to the west coast fault. The region west of L5 lineament is Arabian Sea and
hence represents the downthrown hanging wall while that of east is upthrown
footwall.
4.2.1.2 NW-SE TRENDING LINEAMENTS:
These lineaments are continuous or discontinuous and expressed as linear valleys,
tonal variations and topographic scarps for longer or shorter distances. These are
mainly disposed in the eastern region. These are either intersecting or parallel to the
escarpment segments in the east, and others have crossed the region diagonally along
which they have controlled the numerous deep valley segments. One of them (L 8)
extends from valley of Sukh river from east up to Ratnagiri in northwest. The reversal
of Panhale stream from SW to SE is controlled by the (L7) lineament. Such sharp bends
and reversal of streams are characteristics of KCB (Powar, 1980) and are the areas
where NW - SE trending lineaments have been rejuvenated across the westerly
flowing streams or rivers. The trend of these lineaments coincide the Dharwarian
structural trend in the basement of Deccan Traps. Thus, these represent secondary
weak zones and were formed as the result of rejuvenation of weak zones existing in
the basement at the time of Post-Deccan tectonic activity.
4.2.1.3 ENE – WSW TRENDING LINEAMENTS:
These lineaments (L9 and L10) are linear and indistinct which are mainly traceable in
the eastern region and few of them are extending in the scarp region. These have
controlled southwesterly flowing stream or river channels. As mentioned above the
angle between these and NW-SE lineaments make an acute and obtuse angle pattern.
The acute angle is more that 500 indicate both of these lineaments were controlled by
conjugate fracture system.
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4.2.2 DISCUSSION:
The presence of rift structures in the offshore regions (Biswas, 1982); Naini and
Talwani (1983) and Kaila et. al. (1981) as well as in the Panvel region (Desai and
Bartrand, 1995) has been inferred. The large and small tectonic structures (L1 to L6) in
the Lanja region are parallel to these rift structures.
The DEM analysis of the study region explains three major lineament trends, viz. 1. NS, 2. NW-SE and 3. ENE-WSW. The length azimuth rose diagram (Fig.3b) shows the
dominance of lineaments and the acute angle between NW-SE and ENE-WSW
lineaments. The N-S lineaments are dominating, seen throughout its width, confirms
the continuity in the other regions of KCB and parallel to the major structures (WCF,
Panvel flexure and rift structures in the offshore). NW-SE and ENE-WSW sets of
lineaments exhibit angular relationship and the dihedral acute angle between them is
550 to 590, indicating these are conjugate shear fractures. The axis bisecting the
dihedral angle is used to infer the palaeo-compressive stress direction. Thus the region
exhibits two systems of lineaments, A. extensional and B. compressive tectonic
structures.
A. EXTENSIONAL STRUCTURES:
The morphotectonic features and flood basalts of western Indian continent are the
result of passage of the continent over the Reunion plume, subsequent rifting and
down faulting (Radhakrishna, 1993). Thus the interpretation of structures in the KCB is
only possible by understanding the rift structures. The seismic data have revealed that
the rifts are asymmetric and have half graben structure with most of upthrown
occurring along a major boundary listric fault forming a footwall and the opposing
downthown crust forming a hanging wall (Summerfield, 1991). According to Frostric
and Reid (1987), the fault pattern in the half graben constitute the major faults tends
to occur on only one side of the rift, discontinuous, curved in plan and alternate of
opposite polarity and separated by transverse faults. The number of major boundary
faults, second and third order vertical faults may develop as a result of progressive
evolution of rift. The important feature of the half graben structure is the back tilting
of the footwalls, which is through combination of doming, rifting and displacement
associated with movements along the major listric faults. As the drainage adjust to
active tectonics (Doornkamp, 1986), the characteristic drainage network in such a
region are as the result of development of major elongate, parallel drainage basins
perpendicular to the major faults and axial streams along the major listric faults, and
trellised as well as asymmetrical drainage basin patterns (Frostric and Reid, 1987 and
Stewart and Hancock, 1994).
Thus, the lineament patterns in the Lanja region can be analysed with the help of
structures associated with half graben structure. The extensional lineaments of this
region can be grouped in to two families, 1. a group of curvilinear (L1 to L3) lineaments
locating in the eastern region, which are inferred as listric type, and 2. linear to sinus
(L4) lineament in between coast line and curvilinear lineaments. One of L1 to L3
lineaments is major listric fault while remaining two are synthetic faults. Considering
these fault lineaments, relief and drainage patterns it is also possible to distinguish the
fault bounded blocks in to three groups (Fig.9), viz. 1. The blocks bounded by listric
faults, 2. the low relief block bounded by L1 and L4 lineaments and 3. the block
between L4 lineament and coast line (L5).
1. The Blocks Bounded by Listric Faults:
It constitutes three blocks in the eastern region, close and adjacent to the WGS. Listric
faults are dipping towards west and hence eastern block of each fault represents
upthrown footwall while western blocks are downthrown hanging walls. The gently
dipping lava flows towards east in the two easternmost blocks of footwalls are as the
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result of tilt and rotation along N-S axis. The associated curvilinear axial drainage lines
of asymmetrical drainage basins of Agav and Palu as well as the trellis drainage
pattern can be explained with the presence of curvilinear listric faults and back tilting
along them.
These three blocks in this region from west to east are having progressively and
relatively higher and higher relief (Fig. 9a and 9b), indicating the deformation along
each listric fault is as the result of asymmetric displacement (Stein at al., 1988). In such
deformation the hanging wall is down dropped and footwall is uplifted, which might
have responsible for the existence of westerly faced scarp in the WGS and steep slope
in the sub-Ghats.
2. The Low Relief Block Bounded by L1 and L4 Lineaments:
This block in comparison to the blocks on either side has subdued topographic
features in the form of low relief, lower drainage density and dissection, leveled to
gently sloping planar surface towards west and dendritic to trellised drainage patterns.
Similarly the L4 lineament inferred as fault as it coincide the line of hotsprings. Thus,
this block represent hanging wall with respect to L1 and L4 faults. Thus, the L4 fault
with respect to the major listric fault is antithetic.
3. The Plateaux Block between L4 Lineament and Coast Line (L5):
This block has higher relative relief and highly dissected than the low relief block to its
east, and hence this represents the plateaux with higher dissection to yield numerous
messas. The low relief block east of L4 lineament is hanging wall. Thus this block is
upthrown footwall with respect to the L4 fault. The coast line segments are linear and
represent the west Coast Fault (Powar, 1980) and the Arabian Sea east of it is hanging
wall.
The L1 to L3 faults are westerly dipping listric faults and one of them is master fault
and remaining two are synthetic to it while L4 fault is antithetic. Such association along
with tilting towards east explains the presence of half graben structure.
B. HORIZONTAL COMPRESSIVE PALAEOSTRESS STRUCTURES:
The knowledge of neotectonic stress orientation and its elative magnitude is
significant for knowing the tectonic forces operated and in seismic hazard reduction. It
is possible to infer the orientation of maximum horizontal stress (SH) and least
horizontal stress (Sh). In the areas of thrusting SH is σ1 and Sh is σ2, whereas in the strike
slip faulting and normal faulting SH is σ1 but Sh is σ3, and SH is σ2 and Sh is σ3,
respectively (Stewart and Hancock, 1987).
Gowd et.al. (1992) have recognized four provinces of tectonic stress fields in the
Indian subcontinent, viz., northern mid-continent, southern shield, Bengal basin and
Assam wedge. According to their palaeostress map, SH in the KCB regions north and
south of Koyna are related to the northern mid-continent and southern shield
respectively. The mean orientation of SH in the mid-continent is N230E, subparallel to
the direction of compression which largely determined by the tectonic collision
process. The SH orientation in the southern Indian shield is towards NW and appear to
those of the intraplate stress field prevailing in the Central Indian Ocean.
The presence of SH can be determined with the help of conjugate lineaments. Powar
and Patil (1980) have recognized the N700 and N3300 trend of lineaments in the
Deccan Volcanic Province and interpreted to represent the conjugate shears
developed in response to a. compressional stress oriented N00 to N150 (i.e. nearly NS). Desai and Bartrand (1995) have recognized NNW- to NNE- oriented fractures
cutting the N-S fracture system in north of Mahad in the KCB as a result of N-S
directed compressive stress field. In the Lanja region the conjugate lineaments
recognized are NW-SE and ENE-WSW, and the SH direction determined is N700W to
N600W i.e. NNW direction. This stress direction does not coincide with SH determined
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in the northern mid-continent or in the KCB region north of Mahad – Koyana. But this
is nearly sub-parallel to the orientation direction determined in the southern Indian
shield by Gowd et.al. (1992). Thus, SH orientation in the Lanja region confirms the
stress field of southern Indian shield which is distinctly different from northern KCB.
4.2.3 DIAGRAMATIC CROSS-SECTIONAL MODEL
The relationship between fault bounded blocks across the E-W line is presented in the
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Fig. 10: Conceptual model showing half graben structure.

form of diagrammatic cross-sectional model (Fig.10). This model has been constructed
based on the location of the fault lineaments, type of faults and their dip directions,
existing elevation on either side of the lineaments and depth of dissection along
lineaments. For this purpose the few number of E-W digital profiles have studied
exhibiting the listric faults, fault bounded blocks, strike drainage, trellis drainage
pattern, tilted blocks, Ghat and sub-Ghat section and one of them is presented in
figure 6.

5. MORPHOTECTONIC ANALYSIS:
Most of the tributaries join the major rivers at right angle forming trellis
drainage pattern (Fig. 8). The headwater of major rivers flows towards west, but
trunk channels at lower reaches of rivers change direction abruptly to a NNW trend
near their mouth indicating structural control on these rivers. The headwater and
lower reaches are bedrock channels of major rivers form narrow valley with steep
slopes (Fig. 2).
Streams in TT domain: Though streams are at their lower reaches, deep
incision occurs in this domain due to channel steepening (Fig.2). The streams cut
through the hard laterite capping and underlying basalt is exposed in the bed. In this
domain streams again convert into bedrock streams and obey detachment-limited
characters. The channels are occupied mainly by boulders, cobbles and silt. The
boulders are derived from frequent occurrence of landslides in this domain.
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Streams in LL domain: This middle domain exhibits varieties of stream
channel patterns (Fig.8). Streams exhibit patches of thin veneer of alluvial deposits
and can be classified as mixed bedrock-alluvial channel. Increase in sinuosity,
presence of ponding and trellis drainage pattern of tributaries is characteristics of
major rivers in this domain mainly due to decrease in gradient (Fig2). Dhokachi
tributary increases its sinuosity because of uplift zone at its lower reaches. Frequent
land sliding and subsidence occur along the channel of Dhokachi stream. A channel
of Dhokachi is characterized by presence of boulders and cobbles derived from
landslide, series of interconnected potholes, and four knick points. River piracy is
indicator of active tectonics. The drainages of tributary Indavati are captured by
Panhale stream. The piracy occurred because the capturing stream (Panhale) is a
shorter distance upstream from the Machkundi river base level, at the point of
capture, than the captured (Indavati) stream (Fig.11). The knick zone of Panhale
stream must have been migrated to its upstream to accommodate larger river.
Headwater erosion of the shorter and steeper Indavati stream was fostered by the
knick points. It is also interesting to note that the basin of Kajali stream has become
narrow and Machkundi has increased its width of valley in this domain.
Streams in FH domain: The streams in this domain are characterized by
narrow valley width and good hydraulic scaling indicating active uplift zone. Valley
sides are steep and narrow. Few numbers of tributaries meet major rivers at right
angles. Kajali exhibit broader basin width at its upper reaches than the basin width
shown by Machkundi at its head.

Fig. 11: The drainages of tributary Indavati are captured by Panhale stream.
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5.1 RELATIVE RELIEF:
The relative relief means the actual difference of altitude in a unit area with its
local base level expressed by difference of maximum and minimum elevation
values. It is used to investigate morphological characters and dissection index
of terrain. According to Smith (1935), the sharpness of relief is very well
presented by using relative relief than the absolute relief. It is closely
associated with slope and hence it is useful in understanding the
morphogenesis. Higher relative relief indicates steeper slopes hence also
dictate more erosional rate as well as higher incision by streams.
The study area has been divided into grids of 1km 2 on DEM. A rowing window
of 1km x 1km was moved over the surface of DEM. This window collects the
information of elevation difference from each grid and prepares the relative
relief map. The relative relief map shows High values at foot hills and along the
lower reaches of rivers and streams at west coast. Hence the study area is
divided accordingly into three domains as – TT (Tilted Tableland) domain, LL
(Lowland) domain and FH (Foot Hills) domain.

Fig.11: Relative relief map of the study area.
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5.2 STREAM LONGITUDINAL PROFILE:
Digital topographic data is suitable for extracting long-profile analysis. Raw
elevation data was resampled at equal intervals (∆z). This step distributes the
data set more evenly in logS-logA space to reduce bias in regression analysis
and helps in smoothing of raw DEM profiles. There are varieties of appropriate
methods to extract requisite stream profile parameters. Freely available suit of
MATLAB script, which has built-in interface with ArcGIS is Profiler 5.0. The
Profiler suit was used to extract longitudinal profile parameters of the study
area. First the data holes and pits are filled to create flow direction and flow
accumulation raster. This raster data is then exported in .txt (ASCII) format to
MATLAB. The standard parameters are allotted to the selected streams such as
smoothing window size (200), contour interval (20m) and universally accepted
value of ref as 0.45. The data is then converted into MATLAB readable format
that is in .mat data files. Longitudinal profile and regression data of selected
stream is extracted using readily available modules of Profiler 5.0 in MATLAB
platform. Knick points are marked manually with the help of derived longprofiles. The script of MATLAB generate long-profile, regression analysis data
(logS-logA), Ksn,  and automatically exports the knick point data and stream
vector to ArcGIS. This data automatically overlay as separate layer on the DEM
of study area.
A Figure 12 shows distribution of Steepness indices (Ksn) values along the
major streams and tributaries in the study area. The higher rate of uplift
inferred along TT domain above below 120m contour while in FH domain
higher rate of uplift is above 120m contour.
Long profiles have been generated using “Profiler” suit in MATLAB with ArcGIS
interface. Long-profiles of two major rivers as well as their 14 tributaries and
their corresponding concavity and steepness were used to characterize
tectonics, uplift pattern and knick zones. A reference concavity ref = 0.45 is
considered for interpretation of steepness values, because Ks and  are
determined by regression analysis. Long-profile of channels are segmented and
regressed to know the gradual change in the steepness indices of a channel.
Distribution of normalized steepness indices for all tributaries in the catchment
can be extremely useful tool for delineating tectonic boundaries (Kirby et al.,
2003; Wobus et al., 2003).
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Fig. 12: Spatial distribution of Ksn values in the study area. A contour of 120m
elevation is shown in brown. Location of knick points are marked by solid circles.

Kajali River

Panval

Murshi
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Palu

Salpe

Fig. 13: Long profile and slope-area data from 30m resolution digital elevation data
model (DEM) of Kajali River and its tributaries. The plus marks along the profile
indicate the locations of user-specified knickpoint positions. Arrows above and
below long profiles show regression limits for slope-area fits. In all plots dashed lines
are fits to data with ref=0.45. Squares are slope-area data using log-bin averaging
method; crosses are data using 200m smoothing window to calculate channel slopes.
Open circles show the locations of the knickpoints as plotted on the long profile.
5.3 STREAM GRADIENT INDEX (SL):
SL index correlates to stream power. Stream power is proportional to the slope
of the channel bed. SL indices can detect areas of anomalous uplift within the
landscape (Pinter). A contour map of SL indices is created using values for all
segments on stream channels crossing the 20m contours on the 1:50,000
topographic maps. The contour interval is 100. The anomalous increase in SL
values is categorized into 220-820, 821-1420 and 1421-7000 (Fig.13). The
anomalous increase in SL values mainly occurs in TT and FH domain. The SL
contours show NW-SE and N-S orientation indicating lineament or fault zone.
5.4 HYPSOMETRIC ANALYSIS (I)
The hypsometric curve depicts the distribution of elevation across an area of
land. Drainage basins of different sizes can be compared with each other as a
function of elevation and area based on total elevation and total area plotted
under the curve is one of the advantages of hypsometric curve. The shape of
the hypsometric curves and the HI values provide valuable information not
only on the erosional stage of the basin, but also on the tectonic, climatic, and
lithological factors controlling it (Willgoose and Hancock, 1998).
The hypsometric curve is generated by plotting the relative drainage basin
height (h/H) that is known as the total basin height ratio against the relative
drainage basin area (a/A) which is the total basin area ratio (Keller and Pinter
2002, Strahler 1952). Determining the hypsometric integral (Hi) is the simplest
way to characterize the shape of the hypsometric curve for a given drainage
basin. It is simply defined as the area under the hypsometric curve and
calculated as follow
28

𝑚𝑒𝑎𝑛 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 −𝑚𝑖𝑛 𝑖𝑚𝑢𝑚 𝑒𝑙𝑒𝑣𝑡𝑖𝑜𝑛

𝐻𝑖 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 −𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛
(1)
Hypsometric curves and integral can also be evaluated directly from the digital
elevation model (DEM) of the basin (Keller and Pinter 2000). Calculation of the
hypsometric integral (Hi) was achieved by using freely available CALHYPSO
script. CALHYPSO has interface with ArcGIS and it can directly run to the DEM.
Graphs of hypsometric curves are generated while hypsometric integrals are
obtained using same script. The area below the hypsometric curve is known as
the hypsometric integral (HI). The hypsometric integral and its relationship to
the degree of dissection allow it to be used as an indicator of a landscape’s
stage in the cycle of erosion. The theoretical evolution of the stage of a
landscape is: (1) youthful stage, characterized by deep incision and rugged
relief, (2) mature stage, where various geomorphic processes operate in near
equilibrium, and (3) old stage, distinguished by a landscape near base level
with very subdued relief. Convex curves, with hypsometric integrals higher
than 0.60, indicate the inequilibrium stage of ‘youth’. Smoothly ‘S’ shaped
curves that cross approximately the centre of the diagram and have integrals
ranging from 0.60 to 0.40 express the equilibrium stage of ‘maturity’ or the ‘old
stage’. Strongly concave curves with very low integrals result only where
monadnock masses are present. Convex hypsometric curves characterize
young slightly eroded regions; ‘S’ shaped curves characterize moderately
eroded regions; concave curves point to old, highly eroded regions, concave
curves point to old, highly eroded regions.
Both hypsometric curves and hypsometric integrals are derived with the help
of DEM and some of the results are shown in Fig. 14 and Table 4.
Kajali

Dhokachi

Panval

Murshi

Indavati

Machkundi

29

Kodavli

Devache Gothne
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Fig. 14: Hypsometric curves of Vaghotan and its tributaries
Table 4: Hypsometric integrals of major rivers and their tributaries:
Name
Kajali
Panval
Murshi

HI
0.1548
0.5458
0.2757

Name
Machkundi
N. Trib
Dhokachi

HI
0.1524
0.5513
0.5106

Salpe
Palu
Agav
Dugva
Thorli

0.2409
0.2070
0.3693
0.5287
0.5560

Indavati
Panhale
Mandavkar
Hardkhale
Vilavade
Bhandar
N. Trib

0.5064
0.3996
0.3474
0.2408
0.2889
0.4932
0.3269

Name
Kodavli
Gothnewadi
Devache
gothne
Rajapur
Ojharti
Navi
Thikerkond
Dongar

HI
0.1355
0.5026
0.5769

Name
Vaghotan
Nanar
Taral

HI
0.1324
0.5311
0.6287

0.6103
0.3546
0.2070
0.2894
0.6895

Kelvi
Gaulwadi
Aruna
Sukh
Phanasgaon
Mahadevwadi

0.3996
0.2604
0.2201
0.1900
0.4541
0.2665

5.5 BASIN ASSYMETRY FACTOR (AF):
The results of drainage basin asymmetry (Table5) are tilt direction to the left
side of basin when the AF is greater than 50 are shown in Fig. 15 in the form of
vectors.
Table 5: Asymmetry Factor of major rivers and their tributaries:
River/Tributary
Kajali
Panval
Murshi
Salpe
Palu
Agav
Dugva
Thorli
Machkundi
Dhokachi
Indavati
Panhale
Mandav
Hardkhale

Right Stream
19.75
11.00
24.0
10.50
26.50
5.75
8.50
14.25
42.5
13.50
17.00
24.50
9.0
14.25

Total basin area
44.00
25.5
40.75
32.25
44.50
14.50
27.00
27.00
75.25
23.25
29.50
38.75
23.25
23.5

AF
44.90
43.13
58.90
32.55
58.42
39.66
31.48
52.77
56.48
58.60
57.62
63.22
38.78
60.63

30

Vilavde
Bhandar
Kodavli
Gothnewadi
Devachi_gothnewadi
Rajapur
Ojharti
Navi
Thikarkond
Vaghotan
Nanar
Taral
Kelvi
Gaulwadi
Mahadevwadi
Aruna
Sukh
Phanasgaon

38.75
8.25
262.7857
13.69745
15.65634
32.63026
13.10354
36.58333
12.89021
360.4019
3.206884
10.9121
8.51896
12.54662
7.998491
42.16751
165.7578
31.61395

77.50
31.75
623.9575
36.89152
24.03449
45.75411
27.41302
83.16376
41.50962
947.516
10.3519
19.00217
17.9529
20.46849
19.52191
69.94054
269.68
66.0485

50.00
25.98
42.11596
37.129
65.14115
71.31657
47.80042
43.98951
31.05355
38.0365
30.9787
57.42556
47.45172
61.29723
40.97186
60.29051
61.46462
47.86475

Fig. 15: Contours show regions of anomalous higher SL values. Basin asymmetry
Factor (AF) is shown by tilt direction vectors.
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6. GEOMORPHIC ANALYSIS:
Detailed Geomorphology of the area has been mapped with the help of remote
sensing analysis and field visits. Landform classification has been done by using
DEM.
6.1 GEOMORPHIC MAP

Fig.16: Geomorphic map of the study area.
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Table 6: Geomorphological features in the area.
Processes
Fluvial
A. Erosional
processes

B. Depositional

Marine
A. Erosional
Processes

B. Depositional

Aeolian

Feature
1.1 Planar Surfaces
a) 20-30m
b) 90-100m
c) 121-130m
d) 180-190m
e) >260m
1.2 Hill ranges & escarpments
1.3 Valley
2.1 Alluvial Plains
2.2 Fluvio-colluvial deposits

Locations
1. Bhatya
2. Someshwar
1. Dugva
1. Umre
1. Kapadgaon
1. Dali
1. Punas
1. Vaki
1. Bhatya
1. Vengane

3. Satvli
4. Adivare
2. Golap
2. Kalkarwadi
2. Kalthe
2. Deogi
2.Kalthe
2. Madban
2. Bhandarwadi
2. Nakhare

5. Jaitapur
6. Danda
3. Solgaon
3. Teliwadi
3. Pali

7. Thonde
8. Purangad
4. Nakhare
4. Dasur
4. Javre

9. Madban
10. Vaki
5. Nanar

3. Budhwadi
3. Vijaydurg
3. Nate
3. Gaonkhadi
4. Nanarkewadi

4. Wada Komb
4. Jaitapur
5. Desaibandh
6. Bokarwadi

5. Bokarwadi
6. Vaki
7. Tulsunde

2.3 River Terraces
1.1 Creeks
1.2 Tidal flats
1.3 Sea cliff and sea caves
1.4 Wave cut platform
1.5 Headlands
1.6 Islands
1.7 Stacks
2.1 Sandbar & Tombola
2.2 Spits
2.3 Raised beaches
2.4 Recent beaches
Sand dunes

1. Vaki
1. Bhatya
1. Bhatya
1. Kurli
1. Vengani
1. Bhatya
1. Kasop
1. Vengani
1. Bhatya
1. Kajli River
1. Gaonkhadi
1. Bhatya
1. Bhatya

2. Pavas
2. Pavas
2. Kasop
2. Narkewadi
2. Ranpur
2. Juve Jaitapur
2. Guravwadi
2. Gavda Ambra
2. Machkundi
2. Danda
2. Madban
2. Madban

3. Purangadh
3. Gaonkhadi
3. Bokarwadi
3. Desaiband
3. Gaonkhadi

4. Rajapur
4. Danda
4. Khadakwadi
4. Wada Khurd
4. Ambolgarh

5. Vijaydurg
5. Jaitapur
5. Haldvan
Bokaewadi
5. Musakazi

3. Narkewadi
3. Gaonkhadi
3. Kodavli

4. Kalkawadi
4. Danda
4. Vaghotan

5. Bhandarwadi

3. Waditivare
3. Waditivare

4. Guravwadi
4. Guravwadi

5. Narke wadi
5. Narke wadi
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6. FIELD DATA COLLECTED:
On the basis of preliminary remote sensing analysis and morphometric analysis the
fieldwork was carried out on around Lanja and Ratnagiri region. Some interesting and
supporting facts come out from field studies. The major observations are: the joint system in
the field coincides with the orientation of the major lineament i.e. NW-SE directions. Various
geomorphic features and markers are identified which supports the neotectonic activities in
the study area. (Fig. 17) Various features along the coast suggest it is the type of Ria coast
showing both submergence and emergence characters.

Figure 14: A) Major trends of joints
B) Pot holes (2 to 6 feet depth)
0
Location: Beni River Long. 73 33’554”E and Lat. 160539’47”N

Lava flow contact

Water mark for horizontal reference

Fig. 14: C) Tilted lava flow contact
towards 60east.
Location:
Daphlewadi – 73041’36”E; 16056’56”N

Fig. 4a: Intense steep N-S fracturing
0
with dip >85 E
Location:
0
0
Agrewadi – 73 30’31”E; 16 40’20”N

34

7. CONCLUSION:
Results of morphotectonic analysis of part of KCB region dictate a geomorphology and
landscape dominated by active tectonics. The tectonic activity is superimposed on the
drainages in the study region. The fluvial response to uplift is based on the fact that
the area has experiencing uniform lithology and climatic conditions.
Increase in steepness and concavity in western (TT) and eastern (FH) domain indicate
they are undergoing higher uplift rate than the middle domain (LL) (Fig.2, 12 and 13).
 The wave of tectonic resurgence transmitted in the area and is reflected by the
drainage pattern and their adaptation with it by increase in incision. The major
rivers Kajali and Machkundi attained state of equilibrium with the higher uplift
rate. The tributaries of these rivers are in transient state as a response to their
conflict with tectonic imbalance. Geomorphic processes driving erosion by
tributaries are lagging behind the tectonic processes that have driven the rock
uplift. This result emphasize the importance of lag times a landscape may digest to
transform the tectonic conditions to another.
 Contours derived from SL values show trends in the NW-SE and N-S directions,
which coincide with the regional lineament trend.
 Vectors of asymmetry factor (>50) exhibit regional tilt towards southeast.
 Hypsometric curves and integrals also are in good agreement with spatial uplift
rate derived from steepness and concavity indices.
The passive continental margins with CFB in the world are believed to exhibit coastal
flexuring and extensional tectonics. Karoo province of South Africa, Parana province of
South America and West Greenland are some examples to quote.
Signals transmitted by tectonic disturbances are reflected in the drainages patterns as
well as physiography of the study area. Higher uplift rate in domains TT and FH is also
reflected in physiographic setting of the study area. Deep incision by rivers, presence
of narrow and deep valleys and increased gradient indicate high uplift zone. The
middle domain LL experiencing low uplift rate than the adjacent domains is dictated
by increase in sinuosity and sediment flux, river piracy and absence of relief features.
The visual interpretation of shaded relief map derived from DEM also supports the
spatial variation in uplift zone and rate.
There are no previously inferred faults or fault zones in the study area. The presence
of graben structure formed due to extensional tectonic activity as in rifted CFB
margins of other parts of the world.
The DEM is found useful to recognize and demarcate three distinct trends of
lineaments and associated sub-geomorphic zones in the Lanja region from southern
KCB. The N-S lineaments are dominating and have controlled sub-geomorphic zones
and drainage pattern. The presence of half graben structure is inferred by recognizing
westerly dipping listric faults in the eastern region and easterly dipping antithetic
listric faults west of it (Fig. 10). The region from coast line to WGS has fault bounded
blocks o the half graben structure and the deformation along these faults might be
responsible for the development of associated geomorphic features as plateaux in
west and sub-Ghat region in east, while middle low land between the plateaux and
sub-Ghat. The NW-SE and ENE-WSW trending lineaments exhibit conjugate
relationship are inferred as the result of WNW oriented compressive stress. This stress
field appears to be imposed by intra-plate stress prevailing in the Central Indian
Ocean. The idea of inferred half graben structure from the Lanja region of KCB thus
can be applicable in other regions of KCB and that will throw light on evolution of KCB
and WGS regions as well.
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APPENDIX – X
A. RESEARCH PAPERS PUBLISHED IN INTERNATIONAL JOUNALS AND PROCEEDINEGS:
1. A research paper entitled “GIS BASED AUTOMATED EXTRACTION OF DRAINAGE
NETWORK USING DIGITAL ELEVATION MODEL. A CASE STUDY AROUND LANJA
REGION, DISTRICT RATNAGIRI, MAHARASHTRA” is published in JOURNL
“AVISHKAR” published bY Solapur University, Solapur. Vol. 1, 2011.
2. A research paper entitled “STUDY OF LANDSLIDE OCCURRENCE ALONG MAIN
BOUNDARY THRUST AND ITS IMPACT IN DEHRADUN REGION” is published in
proceedings of INDOROCK 2011: Third Indian Rock Conference by ISRMTT held
at IIT Roorkee in Oct. 2011
3. A research paper entitled “SPATIAL DISTRIBUTION OF UPLIFT RATE: AREA FROM
SOUTHERN DECCAN VOLCANIC PROVINCE OF WEST COAST OF INDIA” is
published online in electronic journal of virtual explorer in Jan. 2012.
4. A research paper entitled, “QUANTIFICATION OF AREAS OF DIFFERENTIAL ROCK
UPLIFT RATES USING STEEPNESS INDEX IN THE LANJA REGION FROM SOUTHERN
KONKAN COASTAL BELT, MAHARASHTRA, INDIA” accepted for publication in
proceedings of International conference on “Multidisciplinary Approaches in
Applied Geology (MAAG)” held at GKG College, Kolhapur, in Jan. 2012.
B. RESSEARCH PAPERS PRESENTED IN NATIONAL AND INTERNATIONAL SEMINARS:
1. A research paper entitled, “INTEGRATED USE OF LANDSAT ETM+ AND SRTM
DEM TO DECIPHER LATERITES IN AREA AROUND LANJA, DISTRICT RATNAGIRI,
MAHARASHTRA, INDIA” has been presented in Annual Convention and National
Symposium on “GIS & Remote Sensing in infrastructure Development” held at
Sinhgad Technical Education Society, Lonavala, in Dec. 2010.
2. A research paper entitled, “QUANTIFICATION OF AREAS OF DIFFERENTIAL ROCK
UPLIFT RATES USING STEEPNESS INDEX IN THE LANJA REGION FROM SOUTHERN
KONKAN COASTAL BELT, MAHARASHTRA, INDIA” has been presented in
International conference on “Multidisciplinary Approaches in Applied Geology
(MAAG)” held at GKG College, Kolhapur, in Jan. 2012.
3. A research paper entitled, “DEM REVEALED HALF GRABEN AND SH STRUCTURE
FROM LINEAMENTS AND MORPHOTECTONIC ANOMALIES IN THE LANJA REGION
FROM SOUTHERN KONKAN COASTAL BELT, MAHARASHTRA” has been presented
in International conference on “Multidisciplinary Approaches in Applied Geology
(MAAG)” held at GKG College, Kolhapur, in Jan. 2012.
4. A research paper entitled, “GLOBALISING SPACE AND EARTH SCIENCE, THE
INTERNATIONAL HELIOPHYSICAL YEAR” in National Seminar on “Recent
Advances in Helio Physics”, held at DBF Dayanand College of Arts and Science,
Solapur, in Feb. 2010.
5. A research paper entitled, “DELINEATION OF VEGETATION COVER OF LANJA
REGION FROM KONKAN COASTAL BELT USING REMOTE SENSING DATA AND GIS
TECHNIQUES” in National Conference on “Biodiversity and Conservation of
Nature and Natural Resources”, held at DBF Dayanand College of Arts and
Science, Solapur, in Jan. 2010.
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6. A research paper entitled, “SUN-SHADE ANALYSIS FOR DELINEATING
LINEAMENTS USING REMOTE SENSING AND GIS TECHNIQUES” in National
Seminar on “Recent Advances in Helio Physics”, held at DBF Dayanand College of
Arts and Science, Solapur, in Feb. 2010.
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