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In line with the passive margin landscape evolutionary model in vogue, sustained erosion and
long-distance retreat of the Western Ghat escarpment are widely considered to be the results
of erosionally-driven isostatic uplift since Tertiary by many workers. Others have postulated or
adduced evidence for strong neotectonic activity in the Ghat region. An obvious question in this
regard is whether there is any geomorphometric evidence in support of this widespread view? In
order to test the hypothesis of ongoing post-rift fexural uplift or neotectonic activity in the western
Deccan Basalt Province (DBP), geomorphometric analysis was carried out and commonly used
geomorphic indices of active tectonics (GAT) were derived for 30 selected river basins on both
sides of the Western Ghat. SRTM-DEM data and ArcGIS were used to derive the indices. Tectonic
geomorphic analysis based on five proxy indicators suggests that the differences in GAT indices,
both along strike and across the Western Ghat, are statistically insignificant. The index values
are nowhere close to the GAT values typically associated with drainage basins affected by active
tectonics and deformation. Mapping of the indices reveals lack of discernable trends. The adduced
results indicate that the western DBP belongs to the class of relatively low tectonic activity.

1. Introduction

The western continental margin of India provides a
classic example of an elevated passive margin with
a well-defined escarpment, the Western Ghat. This
ca. 1-km high and more than 1500-km long mega-
geomorphological feature is considered as the rift
shoulder. It is now believed that this great escarp-
ment of India was initiated as a continental edge at
the time of the separation of the Seychelles micro-
continent following the eruption of the Deccan
Trap lavas in late Cretaceous (Widdowson 1997;
Subrahmanya 1998; Gunnell and Fleitout 2000;
Chand and Subrahmanyam 2003).

As long and continuous erosional escarpments
are common along many passive continental
margins around the world, denudational unloa-
ding and marginal isostatic uplift are commonly
assumed to be the fundamental processes respon-
sible for the typical pattern of denudation of

escarpments. In line with this landscape evolu-
tionary model, sustained erosion and long-distance
retreat of the Western Ghat escarpment are
assumed to be the results of erosionally-driven
isostatic uplift since Tertiary by many workers
(Widdowson 1997; Gunnell 2001). Considering the
great height of the Western Ghat scarp, Valdiya
(2001) argued that the mega-feature cannot be
just ascribed to isostatic uplift, but to neotectonic
resurgence.

During the last four decades different researchers
have postulated or deduced sustained uplift along
the western continental margin of India (Athavale
and Anjaneyulu 1972; Kailasam 1975; Powar 1981;
Ollier and Powar 1985; Powar 1993; Radhakrishna
1993; Widdowson and Cox 1996; Widdowson 1997;
Subrahmanya 1998; Widdowson and Mitchell 1999;
Gunnell 2001; Valdiya 2001; Gokarn et al 2003;
Mishra et al 2004; Veeraswamy and Raval 2005;
Tiwari et al 2006; Catherine et al 2007; Sheth 2007;
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Campanile et al 2008; Mukhopadhyay et al 2008).
Based on Bouguer gravity anomalies, Kailasam
(1975) identified areas of uplift in Nasik and
Sangola; and Power (1981) attributed the typical
lineament pattern in DBP to regional uplift. In a
recent paper, Leroy et al (2008) have inferred that
volcanic margins, such as the western Indian mar-
gin, are characterized by 2–3 times higher uplift
since the breakup and rifting than the non-volcanic
margins. Furthermore, adjustments in response to
denudational isostacy and the resulting activa-
tion of faults and fractures has been suggested as
the major contributory cause of sporadic seismic
activity in the DBP over the past few decades
(Mahadevan and Subbarao 1999; Widdowson and
Mitchell 1999).

The occurrence of early Tertiary high-level late-
rites at the present elevation (> 1000m ASL) in
the Deccan Basalt Province (DBP) is considered
as a strong evidence of post-Deccan Trap uplift
(Widdowson 1997; Sheth 2007). It has been sug-
gested that the present high-level laterite plateaux
(the Mahabaleshwar and the Kas laterite plateaux
for instance) are the remains of an extensive late-
ritic surface that was formed at lower altitude
during the early Tertiary. It is hypothesized that
this surface was then uplifted to its present-day
altitude of up to ca. 1.4 km above sea level by late
Tertiary (Widdowson 1997; Sheth 2007). On the
basis of the reconstruction of lateritised palaeosur-
faces, Widdowson and Cox (1996) have deduced
significant post-Deccan Trap uplift in the Nasik
region. They also speculate that this uplift has
been responsible for reversal of the primary vol-
canic dips of the basalt flows in this part of the
DBP. In addition, incised meanders and river sys-
tems on the Konkan lowland, and knick points and
warped terraces along the Upland rivers have been
considered as geomorphic markers of recent uplift
in the DBP (Widdowson and Mitchell 1999).

An obvious question in this regard is whether
there is any geomorphometric evidence to support
the widespread view that the western margin of the
DBP has experienced significant and protracted
uplift from Tertiary to recent times?

Rivers are the most active and sensitive ele-
ments of the fluvial landscape. If uplift (tectonic/
isostatic) has occurred in the Neogene and Qua-
ternary times, it should be amply reflected in the
drainage basin, valley and network properties of
the Deccan Trap rivers heading in the Western
Ghat and draining towards the east as well as the
west. The main objective of this study, therefore,
is to objectively ascertain the tectonic character
of the western DBP by deriving and mapping the
widely used tectonic activity indices for a number
of selected drainage basins on both sides of the
Western Ghat.

2. Methodology

Geomorphometric characterization of the tectonic
properties of a landscape is an extremely com-
plex task. It is well recognized, however, that the
commonly-used geomorphic indices of active tec-
tonics (GAT) are powerful reconnaissance tools
to evaluate the relationship between tectonics
and basin morphology on the regional or basin
scale and to identify geologically recent deforma-
tion (Bull and McFadden 1977; Keller and Pinter
1996; Burbank and Anderson 2001). These relief,
areal, shape and gradient parameters particularly
provide useful information about the ongoing tec-
tonics in regions underlined by the same rock-type
(Keller and Pinter 1996). Hence, the Deccan Basalt
Province is highly suitable for this type of geo-
morphometric analysis and for making meaningful
comparisons between basins and fluvial systems.

Calculations of a number of geomorphometric
indices for a large region such as the western DBP
was made feasible by the analysis of Digital Eleva-
tion Model of ca. 90-m resolution SRTM data. The
90-m SRTM-DEM data have been found to be
adequate for regional scale or basin scale morpho-
metric analysis (Harbor and Gunnell 2007; Kale
and Shejwalkar 2007). The digital elevation data
were used to extract information about drainage
basins, network and river profiles. This was
achieved by using standard procedures in ArcGIS
(Kale and Shejwalkar 2007). We selected 30 rivers
and their watersheds on both sides of the regional
drainage divide (Western Ghat) in the DBP.
The selected rivers include 16 east-flowing rivers
(Upland or plateau rivers) and 14 west-flowing
rivers (Konkan or coastal rivers). All the selected
rivers head in the Western Ghat and fall within the
boundary of the Deccan Volcanic Province.

The present study is based on the calculation of
five commonly used geomorphic indices of active
tectonics (GAT) such as the hypsometric integral
(HI), the basin asymmetry factor (AF), the valley
width-height ratio (Vf), the stream gradient-length
ratio (SL), and the basin elongation ratio (Re). The
procedures used to calculate the GAT indices are
outlined in table 1. Like all morphometric indices,
single values of GAT indices for the entire DBP
have very little interpretative value. Therefore, to
identify possible tectonic signatures in the west-
ern Deccan Basalt Province, the five active tecto-
nic proxies were derived for all the thirty selected
rivers. The indices were then assessed and mapped
in a GIS application and supported by field obser-
vations of the occurrence of knick points, incised
meanders, gorges, etc., as markers of active tecto-
nics. In order to understand the spatial distribu-
tion of the proxy indicators, index-wise maps have
been prepared and presented. In addition to this,
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Table 1. Geomorphic indices of active tectonics (GAT) and their calculations.

Sl.
no. Index Formula Variables Reference

1 Hypsometric Integral
(HI)

HI = (Em − Emin)/
(Emax − Emin)

Em = mean elevation
Emax = maximum elevation
Emin = minimum elevation

Bull and
McFadden
(1977)

2 Valley width-height
Ratio (Vf)

Vf = Vfw/(((Eld − Esc)
+(Erd − Esc))/2)

Vfw = width of valley floor
Eld = elevation of the left

valley divide
Erd = elevation of the right

valley divide
Esc = elevation of the valley

floor

Bull and
McFadden
(1977)

3 Asymmetry Factor
(AF)

AF = 100(Ar/At) Ar = area of the basin to the
right of the trunk stream

AT = total area of the
drainage basin

Keller and
Pinter (1996)

4 Stream Length-
Gradient Index (SL)

SL = (H1 − H2)/
(ln L2 − lnL1)

H1 and H2 are the elevations of
each end of a given reach L1 and
L2 are the distances from each
end of the reach to the source

Hack (1973)

5 Basin elongation
ratio (Re)

Re = (2
√

A :
√

π)/LB A = basin area
LB = length of the basin

Bull and
McFadden
(1977)

statistical analysis of the GAT indices data were
carried out to test the hypothesis that no signifi-
cant differences exist between the geomorphomet-
ric parameters on either side of the Western Ghat
as well as within the two major fluvial systems
(Konkan and Upland systems).

A word of caution should be added here regard-
ing the longitudinal profiles extracted from the
SRTM-DEM data. Because of stepping in adja-
cent elevations on the SRTM-DEM and the effect
of water bodies (dams) the detection of significant
breaks and knick zones in the longitudinal profiles
is not a very simple and straightforward task, espe-
cially for low-gradient reaches. Smoothing of the
long profiles using a running mean (aka moving
average) of 5 or 11 consecutive elevation values par-
tially reduces the problem but does not eliminate
it completely. Therefore, identification of zones of
steeper reaches (knick points or zones) could not
be achieved. Therefore, the knick points identified
in the field or reported in earlier studies have been
mapped and discussed.

3. Results of geomorphometric
analysis

The summary of results of the analysis is presented
in table 2, and the spatial variations in the GAT
indices are illustrated in figures 1 and 2. The results
of the geomorphometric analysis point to subtle

to noteworthy variations in the geomorphic indices
both along strike and across the Western Ghat.

3.1 Hypsometric integral (HI)

Hypsometric integral is a relief variable that is
widely used to measure the degree of fluvial land-
scape erosion and describes the distribution of ele-
vations across the drainage basin area (Strahler
1952). It is a powerful tool to differentiate between
tectonically active and inactive areas (Keller and
Pinter 1996). Analysis reveals that the mean inte-
gral for the Upland rivers (0.24) is marginally
higher than the mean for the Konkan rivers (0.20).
Parametric t-test indicates that the difference in
the means is not statistically significant. All the
basins are, more or less equally dissected with
reference to their respective base levels, in spite
of noteworthy differences in mean and maximum
basin elevation (table 2).

Figure 1(A) shows the spatial pattern of the
relief parameter. The north Konkan rivers, such as
Damanganga, Auranga, Purna, Ambica and Par
have relatively higher integral values. Only two
Upland rivers, namely, Dudhganga and Burray are
characterized by high values of the integral.

3.2 Valley width-height ratio (Vf)

Vf is basically an index of the form or shape of
the valley cross-section and describes the degree
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Table 2. Summary of the GAT indices for the two major fluvial systems of DBP.

Mean Maximum
Fluvial elevation elevation BA
system Parameter (m) (m) HI (%) Vf SL Re

Konkan Mean 223 1115 0.20 57 16 122 0.62
(n = 14) σ 84 173 0.07 15 6 35 0.13

Maximum 367 1399 0.31 84 29 178 0.80
Minimum 137 811 0.10 29 7 66 0.41

Upland Mean 635 1308 0.24 58 23 74 0.57
(n = 16) σ 118 233 0.06 15 15 18 0.06

Maximum 786 1646 0.39 78 61 103 0.68
Minimum 380 777 0.14 19 10 48 0.46

HI = hypsometric integral; BA = basin asymmetry; Vf = valley width-height ratio; SL = Average stream
length-gradient index; Re = elongation ratio and σ = standard deviation.

Figure 1. Map showing the spatial pattern of (A) Hypsometric integral (B) Valley width-height ratio (VWVH). Num-
bers represent drainage basin number. Rivers 1 to 16 are Upland or Plateau rivers, and 17 to 30 are Konkan or
coastal rivers. (1) Burray, (2) Panjara, (3) Girna, (4) Godavari, (5) Pravara, (6) Mula (tributary of Pravara), (7) Kukdi,
(8) Ghod, (9) Bhima, (10) Mula (tributary of Mutha), (11) Nira, (12) Krishna, (13) Koyna, (14) Varna, (15) Panchganga,
(16) Dudhganga, (17) Purna, (18) Auranga, (19) Ambica, (20) Par, (21) Damanganga, (22) Vaitarna, (23) Ulhas, (24) Amba,
(25) Kundalika, (26) Savitri, (27) Vasishthi, (28) Shastri, (29) Kajvi, (30) Muchkundi rivers. The inset map shows the
location of the study area in India.
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Figure 2. Plots illustrating the spatial pattern in (A) drainage basin asymmetry, and (B) average stream length gradient
index. Numbers represent drainage basin number. Rivers 1 to 16 are Upland or Plateau rivers, and 17 to 30 are Konkan or
coastal rivers. See figure 1 caption for corresponding names of the rivers.

of maturity of the valley. The Vf ratio is a good
measure that indicates whether the river is actively
downcutting and incising (Bull and McFadden
1977). The valley profile shape is commonly linked
to the rate of uplift in a tectonically active area.
The higher the rate of uplift, the more incised the
valley cross-section profile. Hence, small values of
Vf reflect deep, narrow, V-shaped valleys which
are commonly associated with regions of relatively
rapid uplift. In contrast, high values are markers of
wide, open valleys in regions of minimal uplift rates
(Keller and Pinter 1996). In a tectonically stable
landscape, valley width increases with time due to
lateral migration and erosion.

For each of the selected basins the requisite
valley width and height data were obtained along
multiple (8–14) valley cross-sections perpendicular
to the drainage basin axis, maximum up to 25 km
from the valley head. The average was then taken

as the representative of each basin. Figure 1(B)
shows that there is no systematic pattern in the
distribution of the valley shape parameter. None
of the rivers have Vf values less than 1.0 as
expected in an area experiencing rapid uplift. In
general, the Konkan rivers are relatively narrower
than the Upland rivers (table 2). Most of the
Upland rivers, particularly Godavari, Panjara and
Burray (Vf = 37–61) have exceptionally broad-
floored valleys. The narrowest valleys are displayed
by Krishna, Koyna and Ghod rivers (Vf = 10–11).

Table 2 shows that the mean ratio for Upland
rivers is higher than the mean ratio of the Konkan
rivers. This clearly indicates that the Upland river
valleys are significantly wider than the coastal
rivers. Although the difference between the means
of the two fluvial systems is statistically insignifi-
cant, within the Upland rivers, ANOVA test indi-
cates significant differences (at 0.05 level) in the
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valley shapes. Examination of the data indicates
that the southern rivers (Krishna and its trib-
utaries) have relatively narrower valleys (mean
Vf = 15.3) than the valleys in Godavari and Tapi
basins (mean Vf = 35.5). The higher Vf values for
most Upland rivers imply predominance of gentle,
broad floored, U-shaped valleys of reduced incision.

3.3 Basin asymmetry factor (AF)

The influence of tectonics on the drainage pat-
tern is also reflected by the asymmetry of drainage
basins (Molin et al 2004). AF is an areal morpho-
metric variable that is used to detect the presence
or absence of regional tilt on basin or regional scale
(Keller and Pinter 1996). Table 2 shows that not
only is there absence of any regionally preferred
direction of stream migration, but also that the
mean AF values of the Konkan and Upland rivers
are not significantly dissimilar (table 2).

Figure 2(A) illustrates that there is no distinct
spatial pattern of the distribution of basin asym-
metry. The Konkan rivers, such as Savitri, Ambica,
Vasishthi and Ulhas have significantly more basin
area to the downstream right of the trunk stream
(AF = 68–84%), whereas the channels of Daman-
ganga and Kajvi (AF = 28 and 39% respectively)
exhibit a shift towards the downstream left side
of the basin. In the Upland region, only Kukdi
river (AF = 19%) has shifted towards the down-
stream left side of the drainage basin, and
Panjara, Burray, Panchganga and Dudhganga
(AF = 71–78%) have more area to the downstream
right of the parent stream. An interesting point is
that the southern tributaries of Krishna show some
unidirectional asymmetry.

3.4 Stream gradient-length ratio (SL)

Hack’s (1973) SL index is considered as an excellent
measure of the stream power. Variations in the
stream gradient index reflect the downstream vari-
ations in discharge and stream power, but more
commonly the lithologic or tectonic controls on
channel slope of a given reach. SL index has
been widely used as a proxy to identify areas of
anomalous uplift within a landscape.

The average stream length-gradient index value
for Konkan rivers is significantly higher than the
average SL index of the Upland rivers (table 2).
The difference between the means is also statis-
tically significant at 0.05 level. This, of course,
is not completely unexpected, given the peculiar
geomorphic setting of the Konkan and Upland
rivers. Figure 2(B) demonstrates that the southern
Konkan rivers such as Shastri, Vasishthi, Kajvi and
Savitri have relatively higher average SL index val-
ues than the north Konkan rivers such as Purna,

Damanganga and Vaitarna. Within the Upland
region, the tributaries of Tapi river have higher SL
values.

3.5 Basin elongation ratio (Re)

This is an areal morphometric variable that quanti-
tatively describes the planimetric shape of a basin
and, thus, indirectly provides information about
the degree of maturity of the basin landscape.
Bull and McFadden (1977) have shown that basins
draining tectonically active areas are more elon-
gated and become more circular with the cessation
of uplift. Elongated basin shapes are also associ-
ated with high local relief and steep valley slopes
(Molin et al 2004).

In the study area, the Re is generally above
0.48 suggesting that all the basins are moder-
ately to highly circular. The mean elongation ratio
(0.62) for Konkan basins is higher than the Upland
rivers (0.57), implying that the Plateau rivers are
more elongated than the Konkan rivers (Kale and
Shejwalkar 2007). This in other words means that
the coastal river basins are more circular than the
Upland basins. However, the difference between
the mean values of the two river systems is not
statistically significant.

Whereas the Pravara and Burry rivers
(Re = 0.46 and 0.48 respectively) in the Upland
region are most elongated, the Dudhganga and
Bhima rivers (Re = 0.66 and 0.68 respectively)
are more circular. Amongst the Konkan rivers,
the Vaitarna, Ulhas, Savitri, Shastri and Amba
(Re = 0.74 to 0.80) display higher basin circularity
than other coastal rivers, particularly Purna and
Auranga (Re = 0.41 and 0.43 respectively).

4. Geomorphometric regionalization and
along strike variations

4.1 Geomorphometric regionalization

The rational basis for regionalization of the western
DBP is the notion that classification of a land-
scape on the basis of multiple geomorphometric
indices of tectonic activity is always more mea-
ningful than on the basis of a single parameter
or index (Keller and Pinter 1996). Therefore, all
the five GAT indices were considered and cluster
analysis in Matlab was carried out to identify four
groups or clusters (figure 3A). The analysis based
on Euclidian distance and centroid method reveals
that majority of the rivers have, more or less iden-
tical geomorphometric characteristics. Within the
Konkan basins, the Purna and Muchkundi consti-
tute a distinct group. Over the plateau, two north-
ern rivers, namely Burray and Panjara and three
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Figure 3. (A) Classification of drainage basins on the basis of cluster analysis. Numbers represent drainage basin number.
Rivers 1 to 16 are Upland or Plateau rivers, and 17 to 30 are Konkan or coastal rivers. See figure 1 caption for corresponding
names of the rivers. (B) Map showing the approximate location of major knick points on Upland rivers. (1) near Gangapur
on Godavari, (2) near Puntamba on Godavari, (3) near Devthan on Adula, (4) at Randha on Pravara, (5) near Chilewadi
on Mandvi, (6) near Bote on Kas, (7) near Mandwe on Mula, (8) near Nighoj on Kukdi, (9) at Shelarwadi on Indrayani.
Im = incised meanders. The triangle represents Kalsubai Peak (1646 m ASL). The knick points, identified in the field, have
been plotted on the shaded relief map.

southern rivers, namely Varna, Panchganga and
Dudhganga show some distinct characteristics in
terms of GAT indices (figure 3A). It is important
to note that all the outlier basins are located at the
northern or the southern extremity of the Deccan
Basalt Province.

4.2 Along strike variations in GAT indices

Statistical analysis of the data has demonstrated
that there are insignificant differences in the GAT
indices (except in SL index) between the Konkan
and Upland river basins. However, the classifi-
cation and regionalization (figure 3A) show that
there may be some pattern in the indices along-
strike, that is from north to south along the
Western Ghat on both sides. In order to ascertain if

there is any pattern in the along-strike distribution
of GAT indices, the basinwise indices were plotted.
Figure 4 illustrates some simple scatter plots for
five variables, namely HI, AF, Vf, SL and Re, along
with mean basin elevation for Konkan and Upland
rivers.

It can be readily seen from the plots that
there is a discernable north-south trend in the
GAT indices. The parabolic trend lines (in
some cases inverted) indicate greater deviation
along the extreme northern and southern margins
of the study area. Although the scatter is large,
the following general observations can be made
regarding the along strike trends (figure 4):

• In case of the Upland rivers the HI, AF, Vf
and SL values increase towards the periphery,
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Figure 4. Scatter plot showing along strike variation in the GAT parameters for the Upland (right panel) and Konkan
(left panel) rivers. The rivers are plotted from north to south. The continuous lines are trend lines, approximately drawn
to understand the nature of variations from north to south. The lines are not regression lines, because basin number
(X variable) is not a real value in the statistical sense, and should be treated as such.
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but the mean elevation decreases. Elongation
ratio is, more or less uniform for all the Plateau
basins.

• The trend displayed by the Konkan rivers is more
complex. The trend lines are more skewed. Basin
asymmetry (AF) does not exhibit any trend. The
plot shows higher mean elevation, HI and Vf,
but lower average SL and Re values for north-
ern basins. The reasons for this pattern are dif-
ficult to ascertain, but the presence of Jawahar
Plateau, with multi-level benches, in the north
and coastal laterite plateaux to the south
may have some role to play in these complex
trends.

5. Discussion and conclusions

5.1 Interpretation of geomorphic indices
of active tectonics

Studies in tectonic geomorphology have commonly
used six geomorphic indices (including mountain
front sinuosity, which is not evaluated in this study)
as reconnaissance tools to ascertain the level of
tectonic uplift in a landscape and identify areas
undergoing rapid tectonic uplift.

Synthesis of the results of several previous case
studies indicates that landscapes undergoing rapid
tectonic uplift should display the following char-
acteristics with respect to GAT indices (Bull and
McFadden 1977; Keller and Pinter 1996; Matmon
et al 1999; Burbank and Anderson 2001; Silva et al
2003; Molin et al 2004; Peters and Van Balen
2007).

• High hypsometric integral indicating deep inci-
sion and rugged relief.

• Asymmetry factor significantly greater or less
than 50 suggesting tectonic tilt.

• Anomalously high SL index values in regions
underlain by uniform lithology.

• Low values of Vf (< 1) reflecting very deep,
narrow V-shaped valleys occupied by actively
incising streams.

• Very low elongation ratio for tectonically dis-
turbed rivers.

Even a cursory examination of the summary
presented in table 2 and the GAT indices maps
illustrated in figures 1 and 2 would reveal that the
landscape of the western Deccan Basalt Province
does not show any of the known typical geomor-
phometric characteristics of an area undergoing
uplift and deformation. One can also note the
near-complete absence of any discernable trends
in hypsometric integral, basin asymmetry, stream
gradient index, valley form and elongation ratio.
Further, although the results reveal subtle to

noteworthy variability in tectonic geomorphic
indices both along strike and across the Western
Ghat, the differences (except for average SL index)
are not statistically significant.

The highest value of hypsometric integral in the
selected drainage basins is 0.39 (table 2) indicating
prevalence of mature or subdued topography. Like-
wise, the river valleys are remarkably wide and
open, with Vf ranging between 7 and 61. These val-
ues demonstrate absence of rapid valley downcut-
ting and incision. There is also complete absence
of any regional pattern in the occurrence of basin
asymmetry. The distribution of basin area with ref-
erence to the trunk stream appears to be random
and not related to any regional determinant factor.
Similarly, the minimum elongation ratio is 0.41,
suggesting that all the basins are not highly elon-
gated, as expected in an uplift-dominated region.
If one strictly follows Bull and McFadden’s (1977)
interpretation of the elongation values, then one
has to conclude that higher mean elongation ratio
(0.62) of the Konkan basins implies that the uplift
has almost ceased in the coastal region. Thus, in
view of the facts adduced in this study, it can be
stated that the western DBP area belongs to the
class of low tectonic activity.

Another point that emerged in the present
study is that southern DBP rivers, namely Varna,
Panchganga and Dudhganga display some distinct
basin characteristics in terms of GAT indices.
These southern tributaries of Krishna show some
unidirectional basin asymmetry. These rivers have
more area to their downstream right indicating a
tendency to migrate northward. This tendency is
perhaps the manifestation of the influence of the
well-established, low-angle northerly dip of basalt
flows in the extreme southern part of the DBP
(GSI 1976; Subbarao et al 1994). The tributaries
of Tapi in the north also show a similar tendency
(figure 2A) perhaps because these rivers are under
the influence of the SONATA rift related system
(Ravi Shankar 1991).

5.2 Interpretation of supporting
field evidences

One geomorphic fact that is very evident in the
field even to a novice is that the river valleys of the
Upland are remarkably wide, even on the edge of
the Western Ghat Escarpment. Their box-shaped
or U-shaped appearance often gives the impression
of their being glacial in origin, which of course,
is not plausible even remotely. The point is that
for the development of such wide, flat-floored val-
leys (Vf = 7–61) it is of utmost importance that
the regional base level remains undisturbed for a
lengthy period. If the DBP was experiencing con-
tinuous and protracted uplift during Neogene and
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Quaternary, as postulated by many workers, forma-
tion of such large, box-shaped valleys is absolutely
unlikely. Therefore, unless there is an alternative
explanation, it is reasonable to suggest that a vast
period of tectonic stability is indicated by the
Upland valleys.

One of the alternative explanations is that
phreatic processes, rather than fluvial processes,
have played an important role in the formation
of the DBP valleys. Due to the nearly horizon-
tal nature of the lava flows, the lava pile in
the DBP displays a layer-cake structure (Gun-
nell 2001). In such settings, groundwater sapping
is recognized as one of the effective geomorphic
processes in the recession of valley-walls. Such sap-
ping valleys exhibit very distinct valley planforms.
Sapping valleys are invariably steepwalled and sin-
uous with a few short tributaries. The valleys are
amphitheater-headed and hanging tributary val-
leys are common (Howard 1995; Lamb et al 2007).
Such forms along with little dissection upstream
have long been associated with groundwater sap-
ping or seepage erosion (Lamb et al 2008).

Another possible explanation could be that the
valley walls have receded by backwasting. If back-
wasting would have been the dominant process, the
planform of the valleys would have revealed broad,
shallow re-entrants, separated by sharp cusps,
because the attack is areally uniform (Howard
1995).

Examination of the topographical maps and
DEM (figure 3B) would clearly indicate that the
Deccan Trap valleys do not reveal any similarity
with the valleys produced either by groundwater
sapping or backwasting. In fact, all the morpho-
logic characteristics suggest that the present-day
valleys are the product of normal fluvial erosion.
The valley heads are predominately V-shaped in
plan (Kale and Subbarao 2004). Here it is pertinent
to mention that serious doubts about the role of
groundwater sapping or seepage erosion have been
expressed even in the case of the amphitheater-
headed valleys of the Colorado Plateau and Hawaii,
the so-called classic examples of groundwater sap-
ping in bedrock, because of evidence for flash floods
and plunge pool erosion (Lamb et al 2008).

Some workers consider the occurrence of high-
level laterites on the Maharashtra Plateau as
one of the key evidences of post-Deccan uplift
along the western margin of the DBP (Widdowson
1997; Sheth 2007). Apart from the Western Ghat
zone, high-level laterites and bauxites over Dec-
can basalts also occur at Amarkantak in central
India, and at Jath and Bidar along the eastern
margin of the DBP. A very fundamental ques-
tion in this regard is why should the lateritiza-
tion process cease to operate at higher altitude

and why laterites cannot form at higher elevation
in tropical areas? It is commonly recognized that
laterite formation is favoured by low relief, poor
drainage and a warm climate with alternating wet
and dry seasons. All these conditions could also
occur at a few hundred or a thousand meters above
sea level in tropics. Therefore, unless it is proved
and established beyond doubt that laterite devel-
opment is exclusively a low-altitude and/or near-
sea level weathering phenomenon, it is hard to
accept higher elevation of laterites as a key evi-
dence of substantial uplift. Ollier and Sheth (2008)
believe that the high-level laterites, capping the
basalt summits, are not the eroded remnants of
a once-continuous laterite blanket as hypothesized
by Widdowson and Cox (1996), but are valley-
bottom formations preserved after inversion of
relief.

Deeply incised bedrock meanders and a series of
knick points at the gorge head occur in the Mandvi
and Pravara (and its tributaries Mula-Kas) rivers
(Kale and Rajaguru 1988) in the neighbourhood
of the Malshej Ghat (figure 3B). Interestingly,
the highest peak in the DBP (Kalsubai Peak;
1646 m ASL) and the deepest embayment in the
Western Ghat are also observed in the same
area (figure 3B). The Pravara river and some of
its tributaries are also featured by some of the
thickest Quaternary deposits in the DBP. Incised
or entrenched meanders and knick points are a
common phenomenon in uplifted plateaux around
the world and therefore, these features are consi-
dered as markers of regional or tectonic uplift
(Matmon et al 1999). Whilst, the presence of
these spectacular features cannot be contested,
one cannot overlook the fact that the valleys
immediately north (Godavari and Dharna) and
south (Puspavati) are exceptionally wide even by
Upland standard (figure 3B), with no sign of
deeply incised bedrock channels. The co-existence
of such contrasting geomorphic features is intrigu-
ing and puzzling. One obvious explanation could
be that incised meanders and knick points may
not always form by uplift and there may be other
reasons for their development. Erosional disequi-
librium between river systems has been commonly
recognized as one of the causes of knick point for-
mation and upstream migration (Hack 1973). An
alternative explanation is that this is perhaps an
example of local or block uplift. Here it is per-
tinent to mention that the southern limit of the
bedrock-meander-dominant area coincides with the
Kurduwadi or Ghod lineament, a major regional
structural feature (Powar and Patil 1980). Need-
less to say further work is required to improve
our understanding of such anomalous geomorphic
situations.
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Figure 5. Photographs showing three major knick points in the western Upland region. (A) Randha Falls on the Pravara
river (number 4 in figure 3B); (B) Inner channel and scabland area at Shelarwadi on the Indrayani river (number 9 in
figure 3B); (C) Inner channel and scabland area near Nighoj on the Kukdi river (number 8 in figure 3B).

Some well-known knick points, with scablands,
inner channels, waterfalls and potholes, occur on
the Godavari river near Gangapur and Puntamba,
on the Pravara river at Randha (figure 5A), on
the Mandvi river near Chilewadi, on the Kas
river near Bote, on the Mula river near Mandwe,
on the Indrayani river at Shelarwadi (figure 5B),
on the Kukdi river near Nighoj (figure 5C), and on
the Shivaganga river at Baneshwar. Mapping of
these knick points does not reveal any spatial
pattern, although attitudinally they are, more or
less confined to the zone of ca. 580–680 m ASL
(Kale and Rajaguru 1988). Because in most cases
the waterfalls are associated with gorge-heads,
it could be inferred that the knick points are
migrating upstream.

Such prominent breaks (figure 3B) in the long
profiles have been generally associated with geo-
logical or structural control or zones of uplift.
However, one fact that is often overlooked while
establishing a relation between knick points and
faults/lineaments or lithology is that the breaks or
knicks rapidly migrate upstream from the point of
origin. Therefore, the fundamental cause of knick
point formation in most cases may often lie several
hundred meters or tens of kilometers downstream
and not in the vicinity of the existing inflection
point.

Lastly, the conspicuous absence of large-scale
depositional features along the west coast of India
may be an expression of very modest denuda-
tion rates and limited sediment supply along the
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western margin. Given the high relief and high
rainfall in the watersheds this is quite surprising.
Interestingly, Anderson et al (2005) after scrutiny
of solute and sediment load data have inferred that
the low total denudation rate along the southern
segment of the Western Ghat may reflect lack of
strong tectonic activity.

Taken in sum, the interpretation of geomorphic
indices of active tectonics derived for 30 rivers
on both sides of the Western Ghat, along with
other field geomorphic evidences from DBP pro-
vide a very modest support to the widespread view
that the western margin of India has undergone
protracted uplift and tectonic deformation from
Tertiary to recent times. However, it is necessary
to re-emphasize the fact that the geomorphome-
tric indices, which form the basis of the present
study, are only reconnaissance tools that are used
to broadly evaluate the relationship between tec-
tonics and basin morphology on the regional scale
and to identify areas of active deformation. If
the DBP area has indeed undergone significant
uplift till recent times, the effects of the tec-
tonic activity have left only subtle imprints on
the present-day landscape, which cannot be eas-
ily detected by the commonly used geomorphic
indices of active tectonics, at least on this spatial
scale.
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