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Abstract: The Cauvery sub-basin, with an elevation of 2029 meters, is a mountain range that has been uplifted during
the Cretaceous period and is bordered by the Western Ghats. The two northern mountain fronts and the southern front
of the Cauvery sub-basin are defined by faults near the origin point (catchment area). We conducted a morpho-tectonic
analysis by assessing the properties of geomorphic indices to uncover variations in rock uplift. In particular, the study
contrasts the northern and southern mountain fronts' valley height to floor ratio, area-height correlations (hypsometric
curve), and mountain front sinuosity (Smf). The high land in the sub-basin and key faults in the northern part of the
Western Ghats (with an average height of approximately 2029 meters), indicate the uplift of both geomorphic units as
part of a single extensive crustal block. The asymmetry factor indicates that there are imbalances in the Cauvery River,
with an increased slope toward the sub-basin's left side. Transverse topographic symmetry also suggests that the sub-
basin experiences tectonic activity at both the source and endpoint, where Shivanasamudra falls is located. Likewise,
other morpho-tectonic indices reinforce the observation that both the starting and ending points are tectonically active.
Finally, river profiles reveal that the sub-basin's left section displays the most notable river entrenchment, likely due to
uplift. Our geomorphic assessment indicates that the Western Ghats within the Cauvery sub-basin region exhibit
tectonic activity, characterized by a series of faults along the mountain's leading edge. The presence of Pseudotachylites
connected to the fault system indicates that neo-tectonic processes also have an impact on the Shivanasamudra falls,

which are situated at the end of the research region.
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1. Introduction

Active tectonics is investigated because it serves as a
proxy for historical tectonic activity. Now it's easier to
find accurate rates of different earth movements like
Bull 2009 a,b). Rivers are naturally produced surface
features that carve out the terrain in any location with a
slope in one or more directions. Direction is dynamic and
depends on both local and regional terrain. The river
forms incisions along its path as a result of differential
(gradient) stream power (Brookfield, 1998). Regional or
local tectonics, as well as neo-tectonic activity, can all
have an impact on the river (Borgohain et.al. 2017). The
effect can be slight or severe, changing the path of the
river dramatically (Bhattacharjee and Mohanty, 2020).
The only way to ascertain how a stream or river pattern
has changed is by assessing tectonic/neotectonic activity
with geomorphic indices (Zhang et.al., 2019; Miller, et.al.
1953). We can learn about the current tectonic activity by
observing the land's shape, the way rivers move, and the
height of the area. (Azor et al., 2002; Keller et al., 2000;
Molin et al., 2004; Bull, 2007). In areas where the Earth's
crust is shifting and moving, the way water flows and
forms rivers is easily changed by cracks and bends in the
ground. Among other consequences, these processes may
result in river diversions, catchment asymmetry, and
rapid river incision. (Salvany, 2004; Schoenbohm et al.,
2004; Cox, 1994; Jackson et al., 1998; Clark et al., 2004).
Tectonic uplift is linked to river incision in these
locations, but other processes including Stream piracy,

uplift, incision, erosion, and sliding on faults over time,
because of new tools in geochronology and geodesy.
(Schumm et al., 2000; Burbank and Anderson, 2001;
Keller and Pinter, 2002; Bull, 2007; Bull, 2008;

lowering of the base level, and weather events can also
lead to rivers cutting through the land in different ways
and faster. (Starkel, 2003; Azafdn et al., 2005; Hancock
and Anderson, 2002). To figure out how fast tectonic and
geomorphic processes are happening, scientists use
numerical dating on geomorphic surfaces and deposits.
(Pérez-Pefia et al., 2009; Watchman and Twidale, 2002;
Hetzel et al., 2002).

The river sub-basin chosen for tectonic studies is located
in the section upstream of Karnataka's Cauvery River
Basin (Agrawal et.al., 2022; Anand and Pradhan, 2019).
The river travels east from the Brahmagiri forest area's
Western Ghats till it reaches Hogenakkal Falls in
Karnataka (Vaidyanadhan, 1971). Active and Recent
tectonics of quaternary age can be considered as the
primary force leading to upliftment in mountain ranges,
with their current topography the consequence of erosion
and tectonic processes competing (England and Molnar,
1990; Bishop, 2007; Pei et.al., 2021). The sub-basin is
located between latitudes 11° 54' 27.5"N and 13° 19'
59.24"N, and longitudes 75° 30'E and 77° 38' 57.64"E
(Figure 1). The study wants to use geomatics to learn
more about how the upper part of the Cauvery River sub-
basin, from Talacauvery to Shivanasamudra Falls, has
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changed in shape and structure (Bhattacharya, 2013),
over time, and how tectonic forces have affected the way
the river was formed (Das and Saraf, 2007). This study
uses geomorphic indices to assess tectonic activity from
the Quaternary period in the upper part of the Cauvery
sub-basin (Shukla, et.al., 2014).
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Figure 1. Study area showing nearby important places in
the sub-basin (Green Circle)

2. Geological Setting

The Cauvery River begins in the Western Ghats
(Subrahmanya, 1987), which have gneissic terrain and
low to medium grade metamorphism. The Kabini, an
important tributary that demonstrates high grade
metamorphism with rock types such as gneiss-derived
charnockites, originates in the Southern Granulitic
Terrain (SGT) (Talukdar, et.al., 2022) (Taylor et al.,
1984). These areas have Precambrian-aged rock types. In
addition to a few igneous areas, the rocks have
metamorphosed into granulite facies (Nutman et al.
1992). Gneiss and Charnockite can be found combined in
Periyapatna, Ramanathapura, Kushalnagara, and other
nearby regions (Figure 3).

In addition, the Mysore taluks have a variety of mafic
dykes such as Dolerite, Gabbro and Norite. The
Chamundi Granite (Srikantappa, et.al., 1992), found
nearby, is an igneous pluton that was formed around 800
million years ago. Numerous quartz and pegmatite veins
have penetrated the basement rock, which contains
migmatites, quartzite, garnet biotite schist, metapelites,
younger granites, and felsites (Swaminath and
Ramakrishnan, 1981). Greenstone schist belts can also be
found in the areas surrounding Karighatta and
Srirangapatna, which indicate the end of the Chitradurga
greenstone belt (Chadwick, et.al. 2007). The river flows
via the Shivanasamudra Falls, Talakadu, Mudukutore,
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and T. Narasipura to the east. Gneiss, charnockite
(Janardhan, et.al. 1982), syenite, and amphibolites can all
be found along the river's route. Pseudotachylite (Figure
2) has formed veins in the weak planes and joints right
upstream from Shivanasamudra Falls.

Figure 2. Pseudotachylite before the Shivanasamudra
falls (Cauvery Katte)
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Figure 3. Geological map of the Cauvery River basin
(Geological Survey of India, Government of India, 2023)

3. Materials and Methods

The image with the number D43V_V3R1, D43W_V3R1,
and D43X V3R1 Cartosat-1s be downloaded from
Bhuvan (ISRO) website, which has a spatial resolution of
2.5m and 30kms swath. The image has 10 bit radiometric
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resolution. The Cartosat-1 image has been mosaicked and
later clipped using study area boundary shapefile.

This cartosat-1 image is used because of its elevation
used for analysing morpho-tectonic analysis.

We have looked at several geomorphic indices (Ahmad,
2018), including valley floor width-to-height ratio (Vf),
mountain front sinuosity (Smf), asymmetry factor (AF),
gradient index of stream length, channel sinuosity index,
transverse topographic symmetry, basin elongation ratio,
hypsometric curve (Walcott and summerfield, 2008), and
basin shape. Tectonic and neo-tectonic activity is
indicated by these indices (Kale et.al. 2014).

4. Basin Metrics

The study area, or Cauvery upstream sub-basin, is 21,962
km? in size. The terrain's highest point is around 2029
meters, while its lowest point is 398 meters. The sub-
basin measures 189 km in length and 252 km in width.
Basin relief is the difference in height between the
highest and lowest points in a basin. This difference is
created by the rocks and structures below, the way the
land is built, and how water flows through the area.

5. Results and Discussion
5.1 Morpho-Tectonic Indices

5.1.1 Mountain Front Sinuosity (Smf)

Mountain front sinuosity, or Smf, was defined by Bull in
1977 (Smf=Lmf/Ls) as the ratio between the length of the
mountain front at the base of the mountain, where the
land slope changes, and the straight-line distance of the
mountain front.

Tectonic activity along mountain fronts is assessed by
this indicator. (Silva et al., 2003; Keller and Pinter, 2002;
Bull and McFadden, 1977; Bull, 2007). Tectonic activity
near mountain edges is tracked using this indicator. In
areas where mountains are still rising, erosion happens
mainly because the land is moving upward, which forms
straight edges and leads to lower Smf values. Erosion
processes will result in uneven or high Smf values on
sinuous fronts on less active fronts (Cheng, et.al., 2016).
If the Smf index is less than 1.4, it suggests that the area
is part of a tectonically active region, according to several
studies. (EI Hamdouni et al., 2008; Martin-Rojas et al.,
2001; Keller, 1986; Silva et al., 2003).

Smf index for the two adjacent northern mountain fronts
in the Cauvery sub-basin was calculated in this study.
The values of 1.44 and 0.7 suggest there is moderate to
high neo-tectonic activity, which matches up with various
tectonic environments. On the other hand, southern
mountain front has a mean Smf value of 0.49, indicating
a rather high level of neotectonic activity that is
consistent with other tectonic and geomorphic
characteristics (Figure 4).
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Figure 4. Mountain front sinuosity

5.1.2 Basin Elongation Ratio (Re)

The index is essential for figuring out a basin's form. and
provides information on the hydrogeological properties of
a drainage area (Schumm, 1956). A drainage basin's
elongation ratio shows its most recent tectonic activity.
Tectonically active basins are places where the BE value
is less than 0.50, meaning they are very active. If the BE
value is between 0.50 and 0.85, the basin is considered
mildly active. Basins with a BE value higher than 0.85
are classified as dormant (Bull and McFadden, 1977).
The Cauvery River sub-basin has an elongation ratio of
0.88 according to this study, which suggests it is
experiencing some moderate tectonic activity.

5.1.3 Stream-Length Gradient Index (SL)

When erosion equals height of land, dynamic force
equilibrium is achieved. River systems often exhibit a
concave longitudinal shape due to balancing (Schumm et
al., 1956; Hack, 1973). There are various reasons why the
river's profile changes, including lithological and
tectonic/neo-tectonic factors (Mishra, et.al, 2016). The
index is used to evaluate how environmental factors
affect a river's longitudinal profile. This method uses how
water moves and shapes the land to find where a stream
system settles into balance. Areas where there has been
recent tectonic movement are places with softer rocks and
higher SL values. High SL values also show that the river
is moving over strike-slip faults. Equation gives a
mathematical definition of the SL index. SL =
(AH/ALr)*Lt, Where AH stands for elevation change,
ALr stands for reach length, and Lt is the distance from
the midpoint split of the watershed. Standardized values
were used to classify the data, which helps determine the
SL value throughout the length of the river and stream
(Figure 5).

The shape of the river as it flows and the SL index values
show an upward trend in places where there is tectonic
activity. The stream-length gradient (SL) index is
calculated for the research area. Most of the basin is
divided into three main groups: low, moderate, and high.
The basin is surrounded by several significant faults,
minor faults and lineaments. According to (Keller, 1986;
Dehbozorgi et al., 2010), The 21,962 km? basin region,
which includes the streams that flow along fault zones at
Shivanasamudra Falls, is categorized as an active neo-
tectonic zone at both the origin and the termination points
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with lower SL values. Greater SL index values in the
places where bigger green dots in SL index map (Figure
5). These might be the knickpoints as a result of tectonic
activity (Brookfield, 1998), with thrusts and lithological
contrast, a higher SL value indicates tectonic control of
the basins. (Sharma and Sarma, 2017).
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Figure 5. The gradient index for stream length indicates
the gradient along the river's path. Green dots show the
gradient on the course of the river. Bigger the size
greater the gradient (probably knickpoints).
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Figure 6. Map showing Faults, Lineaments and Stream
network in and around the study area

5.1.4 Valley Floor Width to Valley Height Ratio (Vfh)

The width of the valley floor compared to the height of
the valley (Vfh) is a key measure used to tell the
difference between V-shaped and U-shaped valleys. It
indicates the amount of tectonic activity happening (Bull
and McFadden, 1977). The following is a mathematical
expression for the index:

Vfh = 2Vfw /(Erd - Esc) + (Eld - Esc)

Vol. 19, No. 2, October 2025

The elevations of the right and left valley divides that
face downstream are called Erd and Eld. Vfw is the width
of the valley floor, and Esc is the average elevation of the
valley floor. The Vfh index along a river channel
indicates elevation and incision. If the VVfh value is low, it
means there is more cutting and lifting happening, which
causes the creation of deep V-shaped valleys, since
tectonic activity dominates erosional processes (Raj, R.,
2012). A high Vfh score indicates a valley that is U-
shaped or flat-floored and is mostly the result of bed-level
erosional processes. Six cross-sections (AA!, BB', CC!,
DD', EE!, and FF') were created for this investigation
using the DEM data, and they are displayed in (Figure 7).

In the Eastern Betic Cordillera (southeastern Spain), a
similar study by Bull and McFadden (1977) and Silva et
al. (2003) shows that wide U-shaped troughs where the
Vf value is higher than one indicate significant lateral
erosion, These features could be due to simple stability or
quiet tectonic activity, while V-shaped valleys with low
VT values under 1 form as a result of active uplift.

The results show the value of 0.26 for AA?, 0.5 for BB,
1.11 for CC?, 2.43 for DD?, 0.39 for EE?, 0.3 for FFL. Out
of all the above values the cross-sections of AA!BB!,
EE! and FF'. For the cross-sections AA! (Figure 7a), BB?
(Figure 7b), EE* (Figure 7e), and FF! (Figure 7f), the Vfh
value is less than 1, which means the area has a V-shaped
valley and is in an early stage of basin development. The
prevalence of erosional and depositional processes, which
result in the formation of broad U-shaped valleys, is
indicated by the cross-section CC' (Figure 7¢), and DD!
(Figure 7d), with VVfh values greater than 1.
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Figure 7. Cross section of valley height to valley floor
width [(a) AA' (b) BB' (c) CC' (d) DD' (e) EE' (f) FF"]
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5.1.5 Asymmetric factor (Af)

A crucial component of basin drainage, the asymmetry
factor (Af) establishes whether the basin is tectonically
tilted or not. The main river flows out from the center of
the basin and goes toward the sloped region, which is
caused by the movement of tectonic plates. It can be

Vol. 19, No. 2, October 2025

represented and applied both across a wide area and at the
basin drainage scale. The formula (Ar/At)*100 = Af is
used, where Ar represents the area of the basin to the
right of the river downstream. This formula was created
by Hare and Gardner in 1985. If the Af value is more or
less than 50, it means that tectonic activity or different
kinds of rocks are affecting the area. When the Af value
is near 50, it means the basin is not tilted much, if at all.
Before calculating Af, the areas on both sides of the
thalweg line are identified using GIS software. The
thalweg line shows the main direction of water flow and
helps to identify the sub-basin in the study area. The
direction of tilting in the basin is taken into account, and
the Af value is calculated as the absolute value of (Af-50)
(Figure 9).

The basin's asymmetry helps determine how much it has
tilted due to tectonic activity. This study looks at an area
of 8,904 kmz?, and there are large faults close to where the
river begins on the left side of the basin, which feeds into
the main river. These faults show that the area is active
tectonically (40.54). The tectonic zone in the center of the
basin is moderately active. Because of the faults in the
Shivanasamudra Falls area, there is higher neo-tectonic
activity on the basin's right side, which is 59.45 and
covers 13,057 km2. It makes it quite evident that the bulk
of the region is located in moderately active tectonic
zones, and that two locations, the origin point and the
termination point are extremely neo-tectonic. This could
be because of the existence of faults and thrusts that run
through these basins.

100N
100N

zoon
12°00N

Legend

~— Cauvery River
Lineaments

8 | ~-ee- Fauts 3

= Left Basin

| Right Basin

0 25 50 100

Kilometers

--------------

Figure 9. Asymmetric factor showing regional faults and
Lineaments

5.1.6 Stream Sinuosity (SS)

Another key sign of tectonic activity in a region is how
twisty or winding a stream is. To measure this, we use the
stream sinuosity index. This is found by dividing the
actual length of a stream by the straight line distance
between where the stream starts and ends. In SS, the
equation CL = CL divided by L is used to determine what
stream length and straight-line distance, as depicted in
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(Figure 10). If the SS number is high, it means the river is
steady and in balance. A small number indicates
significant changes in the area. Tectonic activity is shown
when SS is less than 1.05, semi-active when it's between
1.05 and 1.5, and passive when it's above 1.5 (Mueller,
1968; Bull and McFadden, 1977).

This study reveals that the SS index is 1.59. Based on this
score, most of the area falls into the low to moderate
tectonic activity zone.
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Figure 10. Stream sinuosity

5.1.7 Transverse Topographic Symmetry (T)

The transverse topographic symmetry, or T, is used to
show how much a basin has tilted because of tectonic
forces. This T value is found by looking at the symmetry
vector of the basin, which takes into account how much
the meander belt moves away from the middle line of the
basin. The T value is between 0 and 1, and it can be
calculated using a specific equation.

T =Da/Dd

In the equation mentioned above, Da denotes the distance
between the stream channel and middle line of a basin,
while Dd is the ratio between its division point and the
middleline of the basin. When measuring basin tilting
caused by tectonic activity, transverse topographic
symmetry (T) values are assessed; T > 0 for an
asymmetric basin and T = 0 for a symmetric basin. (Cox,
1994). The value of 0 to 0.2 infers the area is less tilted.
Value above 0.2 signifies the highly tilted areas.

The T value for the current study is between a minimum
of 0.03 and a high of 0.93.The regions in this study with
values of 0.23, 0.27, 0.3, 0.22, 0.24, 0.21, 0.42, 0.92, and
0.93 are considered to be highly tilted. Moderate to low
tilted zones are represented by the regions with values of
0.11, 0.03 (Figure 11).
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Figure 11. Transverse topographic symmetry

5.1.8 Basin shape (BSs)

The basin shape index is explained in the link provided.
(Ramirez-Herrera, 1998; Cannon, 1976). Bs is calculated
by dividing the length of the basin from the start to the
end (Bl) by the maximum width of the basin (Bw).
Tectonic activity is relatively higher in longer basins are
typically linked to higher Bs values (>1). A basin with a
more circular form and medium values of Bs (0.5<1)
suggest moderate tectonic activity. Little Bs values (<0.5)
suggest little tectonic activity.

Because tectonic activity and changes in the landscape
shape a basin, the basin shape index is used to determine
how active the tectonic forces are in that area. Circular
basins predominate in areas with little or no tectonic
activity, while elongated basins are typically found in
areas with active tectonics. The study strongly correlates
between the sub-basin's shape and existence of the
tectonic features such as lineaments, faults, or thrust. For
the sub-basin, the result is 0.7. With the exception of the
origin point and the termination point, which have a
strongly neo-tectonic zone, based on the basin shape
index, the results unequivocally demonstrate that the
remaining basin area is experiencing considerable
tectonic activity. (Figure 12).

5.1.9 Hypsometric Curve and Integral

This is the part of the basin that remains not disturbed
under the hypsometric curve. Topographic map's
minimum and maximum altitudes are directly obtained in
order to measure HI (Keller and Pinter, 2002).

The hypsometric integral for the current study region is
0.48, These sub-basins are still developing but are
comparatively less stable tectonically, as indicated by HI
values > 0.30 and < 0.50. The Western Ghats are where
the research area starts and ends in Shivanasamudra falls,
both of which have extensively dissected landforms. The
majority of the terrain in between has a modest slope
(Figure 13).
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Figure 13. Hypsometric curve of the research area

5.1.10 Longitudinal Profile

The effectiveness of longitudinal profile analysis in
determining how rivers react to active tectonic activity is
generally acknowledged (Sinha, 2001). Its effectiveness
is dependent on the detection of anomalies in channel
slope under conditions of disequilibrium, which indicate
uplift along active faults, because it shows elevation on
the y-axis and distance on the x-axis. According to Wells
et al. (1988), an upwardly convex profile denotes
Continuous base level lowering and minimal channel
downcutting, as well as a shorter time since the base level
fell. A profile that goes upward shows older basins and
damaged channels because there was more time after the

basement dropped lower.

The longitudinal profile is created only for the main
Cauvery river. The river at the initial stages has lot of
spikes indicating knickpoints showing the highly tectonic
nature. Later, there is a gradual drop in the gradient.
Next, another steep gradient at chunchanakatte falls, KRS
dam can be seen. A major knickpoint and steep gradient
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is visible at Shivanasamudra falls. All these are majorly
because of faults and lineaments.

Longirudinal Profile of the Cauvery River
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Figure 14. Longitudinal profile of Cauvery river showing
knickpoints and gradient.

6. Conclusions

According to the morpho-tectonic indices calculated in
this study, the Cauvery upstream sub-basin is moderately
tectonically active in the middle part of the basin. At the
same time, the starting point in the Western Ghats and the
ending point in Shivanasamudra are more active because
of new tectonic movements and faults. The
Shivanasamudra falls and origin points are the places
where heavily dissected hills and valley are present.
Mountain front sinuosity (Smf) shows that mountain
fronts are active in the south and northwest. These
mountain fronts are caused by active NW-SE normal
faults in the northwest and E-W transfer strike-slip faults
in the south. In both the northern and southern parts of
the Cauvery sub-basin, there are active faults that run in
the NNE-SSW direction, as shown by the asymmetry
indexes from the main catchments. The river's ridge-line
and longitudinal profiles, along with the hypsometric
curves, show that the Cauvery sub-basin's northern and
southern regions have seen increased tectonic activity.
The morpho-tectonic markers in this study of the Cauvery
sub-basin show active edges on the north and south sides.
These edges represent normal faults on the north and
transfer strike-slip faults on the south. Uplift of the
Western Ghats during the cretaceous period, combined
with multiple occurrences of erosion and uplift, resulted
in terrace-like structures in the eastern section with a
gentle slope especially after chunchanakatte falls upto
KRS dam. The river re-enters youth stage by creating a
gorge at Shivanasamudra Falls and Mekedatu Falls.
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