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Abstract

The primary focus of study is on the morphotectonic investigation of the Iring watershed in the Manipur district of Tamenglong. Various
morphotectonic factors were studied using data from Aster-DEM, SENTINEL-2 satellite, Survey of India Topographical Maps, and field verification.
Drainage Basin Asymmetry (AF), Transverse Topographic Symmetry (T), Basin Elongation Ratio (Eb), and Valley Floor Width to Valley Height ratio (V)
are a few examples of geomorphic indices that were examined. It was found that the 118.67 km® basin is tectonically active, as evidenced by structural
characteristics and geomorphic parameter values. River stress knick sites are indicated by regions with an SLK index greater than 10. The watershed exhibits
asymmetry, as indicated by the average T value of 0.195. Actively incising V-shaped valleys linked to uplift are indicated by V, values between 0.192 and
0.263. The river is migrating to the western side due to elevation on the eastern side, as shown by the AF result of 47.72%. A basin that is extended and
experiencing tectonic activity has a basin elongation ratio of 0.66. The hypsometric curve and hypsometric integral (~50%) indicate that the erosion process

in the basin is at its early mature stage.
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Introduction

In order to examine the landforms and relative level of
tectonic activity of the Iring watershed, a number of geomorphic
indices are estimated. Aster-DEM, satellite data, and topographic
maps are used to compute various quantified geomorphic indices,
which provide important details about the tectonic history of a
region (Keller, 1986). Utilising geomorphological, structural, and
neotectonism data in a constructive multidisciplinary manner
provides valuable insights into the active tectonics of a region
(Wells et al., 1988). We therefore analysed six geomorphic indices:
stream gradient index (Hack, 1973), hypsometric integral (HI),
(Strahler, 1952) along with convex-up hypsometric curve, drainage
basin asymmetry factor (AF), (Hare and Gardner, 1985; Keller and
Pinter, 2002), basin elongation ratio (Eb), (Schumm, 1956), ratio of
valley floor width to valley height (Vf), (Bull and McFadden,
1977), and transverse topography symmetry factor (T). These
features are very useful and important indicators in exploring the
relative tectonic activity (Bull and McFadden 1977; Keller and
Pinter 1996; Burbank and Anderson, 2001). The aforementioned
indicators are used to assess the basin's relative tectonic activity
level and to corroborate the findings of the SL-index study
conducted in the western portion of the Imphal valley. Further, all of
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the calculated geomorphic indices are connected in order to
comprehend the relative tectonic activities and tectonic history of
the research area. Numerous tectonically active areas have proven
the value of this type of methodology, including the northeastern
Indian Shillong Plateau (Mukteshwar, 2019), Costa Rica's Pacific
Coast (Wells et al., 1988), the Southwest United States (Rockwell et
al., 1985), Spain's Mediterranean Coast (Cox, 1994), the southwest
Sierra Nevada of Spain (El Hamdouni et al., 2007), and Kashmir
Valley (Ahmad and Bhat 2012; Ahmad ef al., 2013). Additionally,
we assessed and linked the morphometric studies' findings with
field-based geomorphological data.

Location of Study Area and Its Drainage Characteristics

The Iring watershed lies on the western side of the Imphal
valley, between latitudes 25°00'38.19" and 24° 51' 24.47" N and
longitudes 93°43'57.56" and 93° 35'37.52" E. The research location
is located in the Indian state of Manipur's Tamenglong district
(Fig. 1). It has a total catchment area of 118.67 Km?. The [jai River
flows on its eastern side, while the Tupul River flows on its southern
side, where the rivers confluence at Noney.

The drainage characteristics of the Iring River Basin are
shown in Fig. 2. It originates from Taduining of Tamenglong
District and extended up to Noney of Noney District, Manipur
where it confluences with Ijai River. It generally flows in the
direction NE to SW up to Noney of Noney District with a perennial
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Fig.1. Location map of the study area

course of about 23.89 km. The Iring river basin generally shows
dendritic to trellis drainage pattern in general.

Regional Geology and Tectonic Setup

The principal geological formations in Manipur are Tertiary
and Cretaceous sediments, with some igneous and metamorphic
rocks, as the region is part of the Indo-Mayanmar Ranges (IMR), an
arcuate-shaped tectonic belt. Four groups viz. Disang, Barail,
Surma, and Tipam make up sedimentary sequence of Manipur. The
majority of sediments of the Tertiary age are sandstones, shales,
siltstones, and mudstones, with smaller amounts of oceano-pelagic
sediments like limestone and chert of Cretaceous age. However,
Disang and Barial Group of rocks cover the study area (Fig.3).
Mallet (1876) used the term "Disang" to describe a coarse, splintery
shale that ranges in colour from dark grey to black and is
interbedded with siltstone and fine-grained sandstone. The Disang
formation is divided into Upper Disang and Lower Disang. Upper
Disang is characterized by siltstone and fine sandstone layers
alternating with dark grey, splintery shales. Meanwhile, Lower
Disang consists of dark grey shales interspersed with mudstone and
sandstone, displaying a laminated and arenaceous nature. Evans
(1932) first used the word "Barail" to refer to a massive, thick
column of shales and arenaceous layers that lay above the Disang
and Jaintia Groups. Three formations have been further separated
out of this group: the Liaisong Formation, Jenam Formation, and
Renji Formation. Within the lowest level is the Laisong Formation,
which is distinguished by shale alteration and fine- to medium-
grained sandstones exhibiting a characteristic turbidite pattern. The
Jenam Formation, which lies directly above it, is characterised by
large areas of carbonaceous shale interspersed with silt and
sandstone bands. Sandstones that are large to bedded define the
uppermost formation, the Renji Formation.

The Disang Group along the anticlinal axis of the Langka
Fault dominates the primary central portion of the research region.
The Barail formation, which ranges in age from Oligocene to Upper

Eocene and is the primary flysch deposit of the area, dominates the
western and eastern portions of the Disang formation in the study
area (Table 1). The structural and tectonic environment of the study
area is primarily one of transition between the Naga-Patkoi Hills'
NE-SW trend and the Chin Hills' N-S trend in Mizoram. It is
bounded by Kangchup synclinal axis in the East and by Nungba
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Fig. 2. Drainage characteristics of Iring watershed.
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Fig. 3. Geological map of the study area (GSI, 1992).

Thrust in the west. The rock formation of the area generally follows
a NNE-SSW lithological and tectonic trend, with occasional
variations to N-S, NE-SW, and NNW-SSE trends. The lithounits dip
at varying angles towards the east or west, ranging from moderate to
steep.

Material and Methods

In order to create a methodical plan for carrying out the work,
Survey of India toposheets with numbers 83H/9 and 83G/12 on a
1:50,000 scale were utilised. Geomorphic indices such as the stream
gradient index (SL index), valley floor width to valley height ratio
(Vf), the drainage basin asymmetry factor (AF), the traverse
topography asymmetry (T), the basin elongation ratio (Eb), the
hypsometric curve, and the hypsometric integral were calculated

Table 1: Stratigraphic succession of the study area (Soibam, 1998)
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using SENTINEL-2 satellite data, DEM, and Global Mapper V20.1
software, as these aid in the identification of tectonically active
regions and specific sites in the study area (Keller 1986).

Geomorphic Indices and Results
Stream Gradient Index (SL)

According to Hack (1973), the stream gradient index
provides information on the tectonic history and diastrophic forces
that shaped the region. Additionally, the change in respect to slope,
lithology, or added load is reflected in the Stream Gradient Index.
(Hack, 1973; Keller and Pinter 1996, Burbank and Anderson, 2001;
Azor et al., 2002; Chen et al., 2003; Perez-Pena et al., 2009, 2010;
Tsodoulos et al., 2008) As a result, this offers a platform for
assessing stream response to uplift and displacement associated
with active tectonics.

Rivers typically form longitudinal profiles that are smooth
and concave. However, lithology differences or tectonic activity
cause these smooth concave longitudinal profiles to fluctuate. At
sudden reaches, rivers that have experienced tectonic disturbance
are expected to approach a convex type gradient profile (Snow and
Slingerland 1987). Unusual high SL values in low- to uniform-
resistant rocks may be a sign of active tectonics (Keller 1986). Thus,
it is possible to interpret variations in river profiles as a reaction to
continuing tectonism. For a specific reach of interest, the stream
gradient index (SL) is defined as follows (Fig. 4; Hack 1973):

sL=2Hp
AL

Where SL is the stream length gradient index, 4H /AL is the
channel slope or gradient of the reach, and L is the total channel
length from the point of interest where the index is being calculated
upstream to the highest point on the channel.

The stream channel is also regarded by Hack (1973) as a
continuous sequence of segments that vary in length and are all
logarithmic in nature. The SL is normalised using the parameter K,
which indicated how steep the logarithmic profile was for that
particular segment. The Iring River's computed SL/K values rise up
to 54.75 (Fig. ).

Valley Floor Width to Valley Height Ratio
Valley floor width to valley height ratio (V) being a sensitive

indicator that quantifies the valley incision in an uplifted area (Bull
and McFadden, 1977). It can be defined as,

Litho-Unitand Age Description of rocks

Alluvium (Quaternary to Holocene)

Brownish to dark grey sand, silt, clay deposits with considerable amount of cobbles and gravels.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Stratigraphic break

Barail Group (Upper Eocene to Oligocene)

Disang Group

Intercalation of thinly bedded fine grained sandstone and shale
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Gradational contact ~~~~~~~~~r~~mmmmmm

Laisong Formation Regressive sequence of shale, sandy shale and fine to medium grained sandstone with

sedimentary structures like cross lamination, ripple marks etc.

e (Gradational contact ~~ e

Upper Disang Dark grey splintery shales intercalated with siltstone and fine sandstone. Shales are

arenaceous and laminated

Lower Disang Dark grey shales intercalated with mudstone and sandstone.
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Fig. 4. Idealized diagram showing how SL index is calculated for a particular
reach (after Hack, 1973).
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Where, V. is the valley floor width to valley height ratio, V, is
the valley floor width of the valley for given profile at fixed length,
E, and E, are the elevation of right and left divided for a given
section line, respectively, facing downstream, and E_ is the valley
floor elevation (Fig. 6).

Actively incising streams are typically linked to upliftment
and are represented as V-shaped valleys with V <1.0; moderately
active tectonics are represented by V, between 1.0 and 1.5, and
major lateral erosion is experienced by U-shaped valleys with V;
>1.5 (Bull and McFadden, 1977).

The V, values for the Iring river basin have been calculated
for three sections viz., AA', BB'and CC' (Fig.7a) and provided in the
form of their profiles (Fig. 7b). The calculated values range from
0.192 to 0.263 (Table 2), suggesting V-shaped valley with streams
actively incising associated with upliftment, indicating tectonically
active study area.

Basin Elongation Ratio (Eb)

A quantitative morphometric measure that addresses a river
basin's form is the basin elongation ratio (Bhattacharya et al., 2013),
defined as the ratio of diameter of a circle having the same area as
the basin to the maximum length of the basin (Schumm, 1956; Bull
and McFadden, 1977). Because of ongoing thrusting and faulting in
active locations, river basins experiencing active tectonism have an
elongated shape (Burbank and Anderson, 2001; Sreedevi et al.,
2004; Argyriou and Teeuw, 2016). According to Bull and
McFadden (1977), an oval basin represents a moderately active
basin, an elongated basin represents an active tectonic environment,
and a circular basin represents an inactive setting. Schumm (1956)
provided the following equation, which is used to determine this
parameter.

_)* Viw -1

Fig. 6. Idealized diagram showing V..
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E,=2~2% /?/ K
b

Where,E, is the elongation ratio, 4, is the area of the basin,
and /, is the maximum length of the basin as measured for the relief
ratio of the watershed. According to Chow (1964a), depending on
climatic and geological types Basin elongation ratio (E,), ranges
from 0.6 for elongate and tectonically active basins to 1.0 for
tectonically quiescent. Based on these standards, Chow (1964b)
classified drainage basins as follows: circular (>0.9), oval (0.8-0.9),
less elongate (0.7-0.8) and elongate (<0.7). Molin et al., (2004)
notice that in active uplifting landscapes, youthful basins are
relatively elongated. Bull and McFadden (1977) considered low
values for basin elongation ratio as a proxy indicator of recent
tectonic activity. Venuprasad et al. (2022) and Kamble ez al. (2019)
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Fig.7a. Sections for V, calculation.
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suggest higher value of elongation ratio suggest comparatively flat
terrain and lower value indicates a steep gradient with high relief.
The calculated E, value of Iring River Basin is 0.66 which is less
than 0.7 (Table 2) indicating it as a tectonically active basin.

Hypsometric Curve and Integral

The hypsometric curve of a catchment, as outlined by
Strahler (1952), illustrates the relative area below or above a
specified altitude and serves as a gauge for the geomorphic maturity
of a basin. This curve is a powerful tool for distinguishing between
tectonically active and inactive regions, as noted by Keller and
Pinter (1996). It not only reveals the erosional stage of the basin but
also sheds light on the influence of tectonic activity, climate, and
lithology (Moglen and Bras , 1995; Willgoose and Hancock, 1998;
Huang and Niemann, 2006). The hypsometric integral (Hi),
derived from the shape of the hypsometric curve, provides valuable
insights into the terrain's elevation compared to the mean.
High Hi values typically indicate elevated topography, such as
upland surfaces carved by deeply incised streams, while
intermediate and low values suggest extensive erosion and more
evenly dissected drainage basins. Consequently, high values are
associated with youthful or young landforms, whereas low values
correspond to older formations (Strahler, 1952; Demoulin, 1998;
Keller and Pinter, 2002). The calculation of the hypsometric
integral, as described by Pike and Wilson (1971), follows a specific
procedure.
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H

mean min

"TH —H
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Where H, is the hypsometric integral, H,,, is the mean
elevation, and H,,, and H,, are the lowest and highest elevations of
the basin, respectively. H,,, H,. H,.,,and all required parameters for
estimating the hypsometric integral are calculated using ArcGis's
Raster calculator and Zonal statistics tools. Hypsometric curve for
the basin is created by plotting relative area (a/4) against relative
height (4/H), where “a” is the surface area within the basin above a
given line of elevation. “4” is the total area of the basin. “h” is the
elevation for which the value is to be calculated, and “H” is the
highest elevation of the basin.

The calculated H, value for Iring river basin is 0.50 % and its
S-shaped hypsometric curve (Fig. 8) indicates early mature stage
under the cycle of erosion, thereby tectonically active character of

the watershed.
Drainage Basin Asymmetry (AF)

The asymmetry factor (AF) aids in assessing tectonic activity
by analyzing the tilt of a river basin, as discussed by Keller and
Pinter (1996). The movement of the trunk stream within a drainage
basin is influenced by tectonic tilting, as highlighted by Morrish
(2015). This perpendicular tilt, reflected in the asymmetry factor,
serves as a key indicator of tectonic activity within a river basin, as
noted by Cox (1994) and Tsodoulos et al. (2008). Drainage systems
formed under active tectonic deformation exhibit distinct patterns
and geometries.

The asymmetry factor was developed to detect tectonic tilting
(Hare and Gardner, 1984) and is defined as follows:

AF=100(4,/4)

Where AF is the asymmetry factor, 4, is the area of drainage
basin to the right side of trunk channel when facing downstream. AF
should be equal to 50, for a main channel that formed and continues
to flow in a stable setting. Whereas, AF greater or less than 50 would
decide the tilt (Keller and Pinter 1996). Tilting of a watershed may
be due to a fault as established in various river basins (Masurkar et
al.,2019; Manjare, 2015). The calculated value of AF is shown in
Table 2 and its value of 47.72 % indicates the channel has shifted
downstream right side of the Iring basin with an upliftment of
eastern side which may be due to the Langka Fault (Fig. 9).

Hypsometric Curve
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Fig.8. Hypsometric curve of Iring Watershed.
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Transverse Topography Symmetry Factor

The Transverse Topography Symmetry Factor provides
insight into the asymmetry of a basin, aiding in the identification of
the tilt direction and magnitude of a river in relation to active
tectonics (Cox, 1994). An asymmetrical river basin is indicated by a
value greater than zero (Keller and Pinter, 1996). This factor is
computed using the equation provided below.

T=D,/ D,

Where T'is the transverse topographic symmetry factor, D, is
the distance from the midline of the drainage basin to the midline of
active meander belt, and D, is the distance from midline of the basin
to the drainage divide (Fig. 10). According to Cox (1994), for
perfectly symmetric basin 7' = 0, as the asymmetry increases, I’
approaches to the value of 1.

The traverse topography symmetry factor (T) for the Iring
river basin has been calculated along the tributaries Iring. The
calculated values for Iring are 0.282, 0.068, 0.155, 0.185, 0.298,
0.312, 0.163 and 0.098 for location a, b, c, d, e, f, g and h,
respectively. The average value is 0.195, which is greater than 0
indicating asymmetric nature according to the Cox (1994).

Conclusions

After analyzing various geomorphic indices such as SL/K,
valley floor width to valley height ratio, basin elongation ratio,
hypsometric curve and its integral, drainage basin asymmetry, and
transverse topography symmetry factor, it is evident that the study
area exhibits signs of tectonic activity. The examination of the
longitudinal profile yields valuable insights into the
morphotectonic nature of the Iring watershed. Calculated
parameters like the asymmetry factor (AF =47.72%) and transverse
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Table 2: Calculated geomorphic indices of Iring watershed
SIL.

No Geomorphic indices Value Remarks

1 Basin Area (A) 118.67 km’ Total basin area

3 Hy, 1729 m

4  H, 281 m

5 Hypsometric 0.5 It shows youthful
integral (H,) to mature basins

6 Basin elongation 0.66 Reflects elongate basin
ratio (E,) and tectonically active

7 Drainage basin 47.72 % Tilted basin in nature
asymmetry (A;)

8  Transverse topography
Symmetry (T) 0.195

9 Valley floor width to

valley height ratio (V,) 0.192 to 0.263

10 Basin perimeter 54.45 km

topography symmetry factor (T=0.195) indicate that the left side of
the watershed is uplifted, causing the Iring river to shift towards the
right side when viewed downstream. The hypsometric curve further
supports the conclusion that the watershed ongoing tectonic
activity. Additionally, the other parameters demonstrate a
correlation between erosive power and tectonics. The study shows
the dominance of tectonic forces over erosion evident across all
studied parameters.
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