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INTRODUCTION 

 

The Himalayan orogeny resulted from the collision be-

tween the Indian and Eurasian continental plates ap-

proximately 65 million years ago, during the Eocene 

epoch (Gansser, 1964; Dewey and Bird, 1970; McKen-

zie and Sclater, 1971; Molnar and Tapponnier, 1975). 

This collision led to the formation of three major north-

dipping thrust zones—the Main Central Thrust (MCT), 

Main Boundary Thrust (MBT), and Himalayan Frontal 

Thrust (HFT)—which become progressively younger 

from north to south (DeCelles et al., 2000). These 

thrusts are interconnected by various tectonic struc-

tures and geomorphic features, continuously shifting 
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southward due to collision and convergence (Kalpana 

et al., 2023; Khan and Govil, 2023; Khan et al., 2024). 

Additionally, the Himalaya is undergoing constant evo-

lution, evident in active faults and thrusts, rising peaks, 

fault scarps, V-shaped canyons, shutter ridges, offset 

streams, knick points, waterfalls, and its dramatically 

varied landscape, including the 8,848-meter-high Mount 

Everest (Husson et al., 2014). 

The Lesser Himalayan sequence is divided into two 

distinct units: the Inner Lesser Himalaya and the Outer 

Lesser Himalaya (Valdiya, 1980a, 1980b; Pant et al., 

2012; Farooq et al., 2015). These units are separated 

by the North Almora Thrust, which serves as a key 

structural boundary (Valdiya, 1980a, 1980b; Srivastava 

and Mitra, 1994; Ahmad et al., 2000; DeCelles et al., 

2001; Richards et al., 2005; Kothyari and Luirei, 2016; 

Khan and Govil, 2023). Tectonic activity along faults 

and thrusts significantly influences the geomorphic evo-

lution of drainage basins across the Himalayas. The 

region's dynamic and youthful topography makes it an 

excellent natural laboratory for investigating basin mor-

phometry and neotectonic processes, as reflected in 

extensive research on its evolving landscape 

(Tapponnier et al., 2001; Beaumont et al., 2001; Farooq 

et al., 2015; Kothyari and Luirei, 2016; Pant and Singh, 

2017; Kothyari et al., 2017, 2019, 2020; Khan and Go-

vil, 2023). 

Tectonic activity, primarily along faults and thrusts, 

plays a crucial role in shaping the geomorphic evolution 

of drainage basins throughout the Himalayas. The re-

gion's youthful and dynamic landscape provides an 

ideal setting for studying basin morphometry and neo-

tectonics, as evidenced by extensive research on its 

evolving topography (Harrison et al., 1992; Burtman 

and Molnar, 1993; Royden et al., 1997; Ramstein et al., 

1997; Tapponnier et al., 2001; Beaumont et al., 2001; 

Agarwal et al., 2012; Farooq et al., 2015; Kothyari and 

Luirei, 2016; Pant and Singh, 2017; Kothyari et al., 

2017, 2019, 2020; Luirei et al., 2022; Khan and Govil, 

2023; Khan et al., 2024). 

Morphotectonic indices serve as valuable tools for eval-

uating active tectonics. These indices illustrate how 

landscape evolution is influenced by the interaction of 

tectonic activity, surface geological processes, climate 

change, rock resistance, and structural features. Ladhi-

ya river basin was selected for the current active tecton-

ic evaluation and considered a suitable site for as-

sessing tectonic activity. The drainage network is the 

product of lithological and tectonic interplay and is con-

sidered a reliable indicator of active tectonics. Morpho-

metric analysis of drainage basins provides insights into 

the steady-state conditions of rocks during active defor-

mation (Seeber and Gornitz, 1983; Ouchi, 1985; Marple 

and Talwani, 1993; Koons, 1995; Hallet and Molnar, 

2001; Thomson et al., 2001; Arisco et al., 2006; Farooq 

et al., 2015; Khan and Govil, 2023). 

The present study aimed to focuses on the quantifica-

tion of morphotectonic indicators including Drainage 

Density (Dd), Drainage Texture (Dt), Hypsometric Inte-

gral (HI), Bifurcation Ratio (Br), Asymmetry Factor (AF), 

Valley Floor Width to Height Ratio (Vf), Stream Length 

Gradient (SL), and Mean Stream Length (MSL) through 

geospatial technology, helps in providing vital infor-

mation for computing these indices.  

 

MATERIALS AND METHODS 

 

Study area 

The Ladhiya River Basin lies between 79° 40’E to 80° 

29’N and 30°N, is located in the eastern Kumaun Hima-

laya. It forms the major drainage system of the area 

and originated at North Gola Range Mountains. It trav-

els 77.3 km in the east to west direction before conflu-

encing with the Kali River. The Kali River becomes the 

Sharda River before reaching Tanakpur. It displays a 

mosaic of geomorphic features including deep gorges, 

faults scarps, dendritic to sub-dendritic drainage sys-

tems, angular tributaries, and abrupt changes in the 

course of the river (Fig. 1). 

The route from north to south traverses across Bhabhar 

Formation, Siwalik Group of rocks, Bhimtal Quartzites 

and Almora Crystallines. The geological formations are 

separated by major tectonic planes viz., the Himalayan 

Frontal Faults (HFF), Main Boundary Fault (MBF) and 

South Almora Thrust (SAT). Out of the entire Himala-

yan terrain, the outer Himalaya is believed to show ex-

cellent signatures of active tectonics. The Main Bound-

ary Thrust (MBT), which separates the Outer and Less-

er Himalayas, has documented evidence of recent tec-

tonic activity (Khan and Govil, 2023). 

Specifically, the Ladhiya River Basin comprises sedi-

mentary and metasedimentary rocks including slates, 

phyllites, quartzites, and limestones. These formations 

undergone varying degree of metamorphism and defor-

mation due to ongoing convergence between Indian 

and Eurasian plates. 

The tectonic features play pivotal roles in defining the 

basin’s geology and exhibits prominent structural fea-

tures such as folds, faults, and thrusts. The Main 

Boundary Thrust (MBT) is a significant feature in the 

close proximity to the basin, marking the boundary be-

tween the Lesser Himalaya and the Susb-Himalaya. 

The alignment and orientation of these structures influ-

ence the river’s course and evolution of the river basin. 

 

Data and methodology 

In this study, the morphotectonic analysis of the Ladhi-

ya River Basin was conducted using satellite data com-

bined with virtual investigations of high-resolution data. 

The Advanced Spaceborne Thermal Emission and Re-

flection Radiometer (ASTER) data were utilized to gen-

erate a Digital Elevation Model (DEM), which was fur-
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ther employed to delineate the drainage network and 

watersheds. Developed by Japan’s Ministry of Econo-

my, Trade, and Industry (METI) and launched on 

NASA’s Terra spacecraft in December 1999, ASTER 

acquires satellite imagery through three specialized 

telescopes and sensors operating across 14 spectral 

bands.These include three visible and near-infrared 

(VNIR) bands with a spatial resolution of 15 meters, six 

shortwave infrared (SWIR) bands at 30 meters resolu-

tion, and five thermal infrared (TIR) bands with a reso-

lution of 90 meters. Each ASTER scene covers a 

60×60 km area. Additionally, Band 3 of VNIR provides 

along-track stereo coverage through a backward-

looking telescope, enabling the creation of a high-

quality digital elevation model. 

Topographic maps at a 1:2,500,000 scale were ac-

quired from the Army Map Services, which publishes 

them on behalf of the University of Texas at Austin, the 

responsible organization for their distribution. These 

maps were georeferenced to the WGS84 datum and 

Aspects Morphometric indices Formula Reference 

Linear 

Drainage density (Dd) 
Dd = Lu/ A where Lu is the length of the stream of all or-

ders and A is the area of the basin. 
Horton, 1932 

Drainage texture (Dt) Dt = Nu/ P where Nu is the total number of streams and P Horton, 1932 

Aerial 

Hypsometric integral 

(HI) 

HI = (ELmean- ELmin) / (ELmax- ELmin)where ELmean is 

the mean elevation, ELmin is the minimum, and ELmax the 

maximum elevation 

Strahler, 1952 

Bifurcation ratio (Br) 
Br = Lu/ Lu+1 where Lu is the number of specified streams 

and a number of next higher-order streams in basin. 
Strahler, 1964 

Asymmetry factor (AF) 
AF= Ar/ A where Ar is the area of right side of the basin 

and A is the total area of basin. 
Cox et. al., 1994 

  
Valley floor width to 

height ratio (Vf) 

Vf= 2Vfw/ (Eld-Esc) + (Erd-Esc), where Vfw= width of val-

ley floor, Eld and Erd= Elevation of left and right valley 

divides, Esc= Elevation of the valley floor 

Bull and McFad-

den, 1977 

Relief 
Stream length gradient 

index (SL) 

SL = Δh /Δl×L, where Δh = Difference in elevation of the 

ends of the reach, Δl = Length of reach, L = distance from 

the midpoint of reach to the most distant point up-stream. 

Hack (1973) 

  
Mean stream length 

(MSL) 

MSL = Lu/Nu, Lu = Total length of all streams in a given 

order, Nu = Number of stream segments of that order. 
Strahler (1964) 

Table 1. Showing the morphotectonic parameters and their methods of calculation  

Fig. 1. Geological and tectonic map of the Ladhiya river basin, displaing spatial arrangement of lithotectonic units, 

faults, and thrusts 
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projected using the UTM coordinate system. Using the 

georeferenced maps, the locations of towns, cities, and 

villages within the Ladhiya River Basin were vectorized 

for further analysis. 

The primary sources of data on lithology, major tectonic 

features including thrusts and dislocations as well as 

smaller faults, joints, and shear zones, were derived 

from the revised geological map of the Kumaon Hima-

laya by Valdiya (2010). To ensure consistency with the 

ASTER DEM and multispectral data used in this study, 

the map was georeferenced to the WGS84 datum and 

UTM projection. The ASTER DEM produced by ortho-

graphic images. Therefore, it accrues certain errors 

related to topography, vertical anomalies, and shadow-

ing effects (Han et al., 2021). Additionally, geological 

data were obtained from published geological maps of 

the Kumaon Himalaya, which were georeferenced as 

they contained a geographic coordinate system (Fig. 

1). 

The TauDEM (Terrain Analysis Using Digital Elevation 

Models) plugin was utilized to generate stream net-

works and delineate basin boundaries, while also deriv-

ing various hydrologic characteristics from the study 

area's digital elevation data. These hydrologic grids 

were integrated into the GIS domain to define water-

shed boundaries and identify all locations within the 

DEM that are upstream of the specified outlet point 

(Farooq et al., 2015; Khan et al., 2023; Khan and Govil, 

2023; Khan et al., 2024). 

 

Index of relative active tectonic activity 

In this study, relative tectonic activity was assessed 

using geomorphic indices, which were categorized into 

three levels: low, moderate, and high tectonic activity 

(Table 1). These classifications were then integrated to 

develop the Index of Relative Active Tectonic Activity 

(IRAT). Basins were ranked based on individual geo-

morphic indices, such as the Hypsometric Integral, 

where low tectonic activity was assigned rank 1, moder-

ate rank 2, and high rank 3. The final tectonic rank for 

each basin was determined by averaging these individ-

ual rankings. 

 

RESULTS AND DISCUSSION 

 

The Ladhiya River Basin covers an area of 739.45 km2 

and is divided into seven sub-watersheds to derive the 

different thematic layers. Derived results, the mor-

photectonic indices were grouped into three sections 

relief, linear, and aerial parameters. 

 

Stream order (Nu) 

Stream ordering refers to the hierarchical classification 

of streams within a drainage basin. As per Strahler 

(1952), the ordering process starts from the smallest 

fingertip tributaries, which have no upstream feeders 

(drainage network, Fig. 2). The total number of streams 

(N) for each order (U) in the Ladhiya River Basin is pre-

sented in Table 2. The analysis of stream characteris-

tics aligns with Horton’s (1945) first law of stream num-

bering, which suggests that the number of streams in 

successive orders within a drainage basin follows an 

inverse geometric ratio (Table 2). 

 

Stream length (Lu) 

The total length of streams of a specific order within a 

basin is a key characteristic. The stream length patterns 

in the sub-basins align with Horton's (1945) second law, 

known as the "Law of Stream Lengths." This law states 

that the average length of streams of each order in a 

drainage basin tends to closely follow a direct geomet-

ric progression. The stream lengths for all sub-basins of 

different orders were measured using ASTER DEMs. 

The total stream length of the Ladhiya River Basin is 

Dholigaon Bigrakot Khatoli Padunga Baman Jaol Kukrauni 
Sugroan 
Gaon 

F L F L F L F L F L F L F L 

519 165 452 136 498 148 567 154 209 56 276 72 130 36 

253 86 213 67 214 71 269 92 88 31 129 38 64 22 

138 46 104 33 124 35 142 47 55 17 54 18 20 13 

60 19 65 23 45 13 80 26 18 6 57 18 4 2 

67 16 32 11 1 0 39 13 0 0 28 9 0 0 

0 0 37 14 117 28 36 11 2 1 7 2 1 0 

0 150 0 125 0 134 0 159 13 58 0 75 11 37 

F represents the number of streams; L denotes the length in kilometers; stream length values were rounded to whole numbers using 
standard mathematical rounding. Values greater than 0.5 were rounded up, while values less than or equal to 0.5 were rounded down  

Table 2. Showing relationship between the total number of streams of each order from top to bottom for each sub-

watershed (7 sub-watershed) in first column (F)and the second column displays the total length of each order in the 

sub-basin 
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1625.21km, with the stream lengths for each order de-

tailed in Table 2. 

 

Drainage density (Dd) 

Drainage density is a key morphometric parameter that 

represents the ratio of the total stream length of all or-

ders within a basin to its area (Horton, 1932). It serves 

as a quantitative measure to analyze basin evolution 

and characterizes the drainage fabric by assessing the 

density of stream channels. Low drainage density is 

typically found in regions with high permeability, dense 

vegetation, and gentle topography, whereas high drain-

age density is associated with rugged, steeply elevated 

terrains. Additionally, the drainage density of a basin is 

shaped by geological and climatic conditions and is 

determined using the following equation. 

 
Here, Lu represents the total length of streams of all 

orders within a basin, while A denotes the basin area. 

The drainage density for each of the 18 sub-basins was 

calculated and categorized into three classes to ana-

lyze the results. Several faults and thrusts have been 

identified within the Ramganga River Basin (see Geo-

logical Map), highlighting the region's substantial tec-

tonic influence. Tectonic activity plays a major role in 

driving erosion and upliftment. The findings indicate 

that the central-western region exhibits a high drainage 

density, suggesting stronger tectonic influence relative 

to erosion, whereas the northern and south-central re-

gions display lower drainage density (Fig. 2). 

Drainage texture (T) 

Drainage texture is defined as the ratio of the total 

number of stream segments of all orders to the perime-

ter of the basin (Horton, 1945). It has been observed 

that the drainage texture is directly influenced by the 

basin's infiltration capacity basin's perimeter and is gov-

erned by various natural factors, including climate, rain-

fall, vegetation cover, rock and soil composition, relief, 

and basin evolution (Smith, 1950; Khan et al., 2024). 

The following equation is used to compute drainage 

texture. 

 
Drainage texture (T) is determined using the basin pe-

rimeter (P) and the total number of stream segments 

across all orders (Nu). The computed results for 7 sub-

basins were categorized into three classes. Fine drain-

age texture was identified in the northern extremity) 

and central-eastern border, whereas the northern and 

southern sub-basins exhibited a moderate texture. In 

contrast, the central sub-basins displayed a low drain-

age texture. The southern extremity expresses low 

drainage texture, exhibits old and eroded landscape 

(Fig. 3).  

 

 Hypsometric integral (HI) 

The HI is a dimensionless parameter that allows for a 

scale-independent comparison of various watersheds 

or catchments. It serves as an indicator of landscape 

evolution, where low HI values signify highly eroded 

terrains (late stage), moderate values represent mature 

Fig. 2. Exhibiting drainage density and its spatial variation in the Ladhiya river basin 
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landscapes, and high values correspond to youthful 

landscapes. The hypsometric integral is calculated us-

ing the following formula. 

 
Elmin represents the basin's minimum elevation, Elmax 

denotes its maximum elevation, and Elmean refers to 

the mean elevation. The hypsometric integral (HI) val-

ues range from 0 to 1. Earlier, computational limitations 

made HI calculations complex and resource-intensive. 

However, the advent of digital elevation models (DEMs) 

has significantly improved the accuracy and efficiency 

of detecting active tectonics worldwide (Dowling et al., 

1998; Khan and Govil, 2023; Khan et al., 2024). 

The Ladhiya River Basin, situated in the Outer Lesser 

Kumaon Himalaya, has an elevation range between 

371 meters and 2261 meters, indicating a steep gradi-

ent. The results from 7 sub-basins reveal HI values 

ranging from 0.33 to 0.54, corresponding to low to high 

tectonic activity. The Dholigaon, Bigrakot, Padunga, 

and Kukraini sub-basins, located within the main valley 

and aligned to the left flank of the trunk stream, exhibit 

high HI values, indicating a high rate of uplift and active 

tectonics potential. In contrast, Khatauli and Baman 

Jaol, situated on the river’s right bank and composing 

trunk stream, display more erosive forces and moder-

ate tectonic influence. Similarly, significant tectonic ac-

tivity is observed in the south-eastern sub-basin 

(Sugroan village) while the remaining sub-basins exhib-

it moderate tectonic influence due to the presence of 

both known and unidentified faults and thrusts (Fig. 4). 

 

Bifurcation ratio (Rb) 

The Rb is defined as the number of streams of a given 

order divided by the number of streams of the next 

higher order (Schumm, 1956). According to Horton 

(1945), it serves as an index that reflects a basin's relief 

and degree of dissection. While Rb typically exhibits 

minimal variation under different environmental condi-

tions, notable deviations occur in regions where geo-

logical factors dominate. The calculation is performed 

using the following equation. 

 
Here, Nu represents the total number of streams of a 

given order, while Nu+1 denotes the total number of 

streams of the next higher order. Lower bifurcation ratio 

(Rb) values are associated with gently rolling terrain 

and low-elevation watersheds, whereas higher values 

indicate strong tectonic influence on basin evolution. 

Additionally, Eze and Effong (2010) observed that ele-

vated Rb values suggest a lower risk of flash floods 

within the basin. 

The bifurcation ratio varies widely in the Ladhiya river 

basin, with values ranging from 0.56 to 12.94 (Fig. 5). It 

indicates that tectonic and erosive forces in the basin 

are strongly interacting. Because of the strong eleva-

tion gradient that creates a substantial path for water to 

flow, most sub-basins from north to south have low 

bifurcation ratio values along the right flank of the river, 

which causes more erosion, resulting higher rate of 

uplift and tectonics. However, it was also noted that 

more erosion occurs when different tectonic features 

strike with each other. 

 

Asymmetry factor 

The asymmetry factor (AF) is a significant morphotec-

tonic parameter used to detect tectonic tilting within a 

drainage basin (Cox et al., 1994; Keller and Pinter, 

2002; El Hamdouni et al., 2008; Khan et al., 2024). It 

operates on the assumption that a river flowing through 

a homogeneous lithological terrain, minimally influ-

enced by erosion and tectonic activity, should exhibit a 

symmetric drainage pattern. The AF is defined as. 

 
Where Ar is the right-side area of the basin from the 

trunk stream (headwater to outlet) and At is total area 

of the basin. 

The asymmetry factor (AF) values for the seven sub-

basins of the Ladhiya River range from 45 to 56 (Fig. 

6). To assess tectonic significance, these values were 

categorized into three classes based on basin tilting. 

Sub-basins classified as nearly symmetric received a 

low rank, while those with high asymmetry were ranked 

higher. Increased tilting and asymmetry are observed in 

tectonically active regions, where intensified erosion 

influences basin evolution. At a regional scale, tectonic 

activity is indicated by the tilting and migration of higher

-order streams, whereas localized tectonic activity is 

reflected in increased sub-basin asymmetry (Keller and 

Pinter, 2002). The Ladhiya River basin exhibits signifi-

cant asymmetry on both banks, with notably low asym-

metry in the northeastern and extreme southern sub-

basins. Lower AF values in the central and south-

central sub-basins suggest that tectonic forces have 

shifted the trunk stream to the right. Observations indi-

cate that the Ladhiya River’s main channel continues to 

migrate due to persistent tectonic influences, evident in 

existing faults and thrusts (Fig. 6). 

 

Valley floor width to height ratio 

Bull and McFadden (1977) used the valley floor width-

to-height ratio to identify active tectonics and differenti-

ate open from broad valleys. Tectonically active regions 

exhibit pronounced valley morphology variations, rang-

ing from V-shaped to U-shaped profiles, reflecting a 

state of dynamic geomorphic equilibrium.. Silva et al. 

(2003) explored the distinctions between broad-floored, 
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Fig.3. Showing the spatial variation of the drainage network spacing across the basin 

Fig. 4. Displaying the spatial arrangement of Hypsometric Integral to determine the youthfulness of the basi. 

Fig. 5. Showing the bifurcation ratio and its distribution across the basin 
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U-shaped valleys with primarily lateral erosion into 

nearby hills in response to tectonic quiescence, and V-

shaped valleys occupied by streams incising their bed-

rocks in response to active uplift. The Vf index is calcu-

lated by the equation. 

 
Where Vf is the ratio of the valley floor width to the 

height, Vfw is the valley width, Eld is the left divide's 

elevation, Esc is the valley floor's elevation, and Erd is 

the right divide's elevation (Fig. 7).  

The Ladhiya River flows west to east before merging 

with the Kali River. As it travels from the Gola Range to 

Surgoan Village, it traverses diverse lithological and 

structural domains, which significantly influence its 

transformation from steep V-shaped valleys to moder-

ately uplifted U-shaped valleys. The findings on the 

valley floor width-to-height ratio (Vf) suggest that the 

Ladhiya River basin is primarily influenced by structural 

controls, while the sub-basins along the mainstream 

show more pronounced erosive effects. Vf values 

range from 0.29 to 0.74, highlighting a continuous inter-

action between erosional and tectonic forces. Sub-

basins aligned perpendicular to the trunk stream dis-

play pronounced tectonic influence, whereas the trunk 

stream shapes sub-basins differently, favoring rapid 

erosion in areas with lower uplift rates (Fig. 7). 

 

Stream length gradient 

The stream length gradient serves as a key indicator of 

erosion intensity, illustrating how soil and rock are 

sculpted and reshaped across a river basin (Hack, 

1973). In neo-tectonically active terrain, the rate of ero-

sion determines the rate of uplift, which results in a lon-

gitudinal profile that is slightly concave (Schumm et al., 

2002), and leads to crustal stability. However, tectonic, 

lithological, and climatic variables impact the stability of 

the terrain. Stream length gradient is defined as  

 
 

Where ∆H is the change in the elevation for a selected 

reach, and ∆L is the length of the reach and L is the 

total planimetric length from the midpoint of the reach 

to the highest point on the channel (Mahmood and 

Gloaguen, 2012; Khan et al., 2024). Further, the stream 

length gradient was computed for 7 sub-basins of the 

Ladhiya river basin. The findings indicate that the north-

west sector of the basin is markedly shaped by tectonic 

forces, while the sub-basins intersecting the main chan-

nel display comparatively subdued tectonic activity. 

However, low values also correspond to the tectonic 

activity due to transecting faults and thrusts across the 

basin (Fig. 8). 

 

Mean stream length (MSL) 

This index is essential for analyzing and interpreting the 

morphometric and hydrological characteristics of a ba-

sin. It represents the average length of streams of a 

particular order within a drainage basin and is a funda-

mental aspect of Horton’s laws of drainage composition 

(Horton, 1945; Strahler, 1957; Schumm, 1956; Chorley 

et al., 1984; Keller and Pinter, 2002). The Mean Stream 

Length (MSL) offers valuable insights into the geomet-

ric and hierarchical arrangement of stream networks, 

highlighting the basin's geomorphological evolution, 

erosion dynamics, and hydrological patterns. The mean 

stream length ratio was determined by first calculating 

Fig. 6. Displaying the asymmetry factor, and exhibits its spatial arrangement 
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the stream length ratio for different stream orders within 

the basin. It was then computed using the following 

formula. 

 
Where Lu is the mean length of all streams of one or-

der and nu is the total number of streams of lower or-

der. The values range between 0.21 and 0.30 across 

the sub-basins. The values were calculated for each 

sub-basin and each order and in the end, the averaged 

out to provide a representative value for each sub-

basin. 

It was observed that low MSL values typically indicate 

high drainage density, unstable processes, and high 

erosion rates while high MSL values suggest low drain-

age density, relatively stable processes, and efficient 

sediment transport. These variations provide significant 

insights for effective basin management, flood risk as-

sessment, and water resource planning. Further, these 

values have been classified into three classes display-

ing low, moderate, and high values, corresponding to 

active tectonics (Fig. 9). 

 

River profile 

River profiles, particularly longitudinal profiles, are valu-

able geomorphic indicators that provide insights into 

the interplay between fluvial processes and tectonic 

activity  

Fig. 7. Valley floor width to height ratio exhibiting spatial arrangement of river basin to understand the active tectonics. 

Fig. 8. Stream length gradient showing power of erodibility of the basin 
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The shape and gradient of a river profile are influenced 

by factors such as lithology, climate, and tectonic uplift 

(Fig. 10). In regions with active tectonics, river profiles 

often exhibit distinct anomalies, such as knick points, 

steep gradients, and changes in channel morphology, 

which can be used to infer tectonic activity. A river's 

longitudinal profile is a plot of elevation against dis-

tance along the river channel. In tectonically active re-

gions, these profiles often deviate from the typical con-

cave-upward shape due to uplift or faulting (Fig. 11).  

 

Field and other evidence of active tectonics 

In addition to morphotectonic indices, ongoing defor-

mation can be evaluated through the type, scale, mag-

nitude, and timing of landscape and landform features it 

generates. Geomorphic features serve as key indica-

tors of active tectonics. Several neotectonic landforms 

encompass fault gouge and breccia outcrops, hydro-

thermally altered mineral assemblages along fault 

zones, fault scarps, landslides, unpaired river terraces, 

river ponding, paleochannels, paleolake deposits, uplift-

ed potholes, deep gorges with convex walls, and later-

ally displaced streams. (e.g., Valdiya, 2001; Schumm et 

al., 2002; Thakur, 2004; Kothyari and Pant, 2008; Khan 

et al., 2024). Drainage networks in tectonically active 

regions are highly responsive to tectonic forces and 

erosional processes, making them valuable indicators 

for deciphering the tectonic characteristics of a given 

area (e.g., Beneduce et al., 2004; Bull, 2007; Bishop et 

al., 2005; Ribolini and Spagnolo, 2008; Pérez-Peña et 

Fig.9. Mean stream length shows its spatial fabric, providing insights about tectonic influence  

Fig. 10. Ladhiya River profile showing a concave structure, demonstrating multiple knick points and tectonic control. 

The X-axis shows the length of river while Y-axis displays elevation from outlet to headwater. 
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al., 2010; Mumipour and Nejad, 2011; Parveen, 2020; 

Hassan et al., 2024). 

The field evidence of tectonic influence along the 

Ladhiya River Basin (Fig. 12 and 13) was collected and 

coupled with satellite imageries (Google Earth Pro) to 

delineate nick points, fault scarps, straight and mean-

dered river courses, abrupt changes in flow direction, 

fault gouges, etc. 

 

Index of relative active tectonics 

Relying on a single index to assess active tectonics 

may lead to ambiguous or conflicting results. A more 

precise evaluation of a region’s tectonic activity is 

achieved through the integration of multiple indices 

(Dowling et al., 1998; Ali and Iqbal, 2020; Khan et al., 

2024). This study examined active tectonics within a 

moderately sized area (739 km²), divided into seven 

sub-basins, using eight morphotectonic indices. Each 

sub-basin was ranked on a scale of 1 to 3 based on 

individual index values. A basin experiencing the high-

est tectonic activity would score 27, while the least ac-

tive would score 9. A final Index of Relative Active Tec-

tonics (IRAT) map was generated based on these rank-

ings to visualize the spatial distribution of tectonic activ-

ity. 

The main trunk stream of the Ladhiya River flows over 

77 kilometers before merging with the Kali River at 

Chuka Gaon. To assess the tectonic activity, nine mor-

photectonic indices were calculated, categorizing the 

basin into zones of low, moderate, and high tectonic 

activity. These indices were aggregated to derive the 

final Index of Relative Active Tectonics (IRAT) ranking 

for each sub-basin. The geological map (Fig. 1) high-

lights that the river basin intersects several major 

thrusts, including the South Almora Thrust (SAT) and 

the Main Boundary Thrust (MBT) in the south, as well 

as the Ramgarh Thrust (RT), which runs parallel to the 

main trunk stream. 

Fig. 11. Knick point profile A showing that the Ramgarh Thrust and many faults run along the river, indicative of current 

neotectonic control. The altitude is show at X -axis and length at Y-axis (Unit of measurement is meter).  

Fig.12 . The Ladhiya river exhibiting many knick points near to the headwater due to faulting; Geo-tectonic map dis-

plays inferred faults run across the river; the altitude  shown at X -axis and length at Y-axis (Unit of measurement is 

meter) 
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Active faults are recognized as primary sources of 

earthquakes of varying magnitudes in seismically ac-

tive regions worldwide. Their identification is crucial for 

understanding the active tectonics of such zones, par-

ticularly in the Himalayan region, one of the most seis-

mically active intercontinental areas globally. The on-

going crustal deformation in this region is evident from 

the occurrence of small-, medium-, and large-

magnitude earthquakes along the Himalayan arc. Nota-

ble large-magnitude earthquakes in the past century 

include the 1897 Shillong (M 8.7), 1905 Kangra (M 8.6), 

1934 Bihar (M 8.7), and 1950 Upper Assam (M 8.5) 

earthquakes (Seeber and Armbruster, 1981; Yeats et 

al., 1997; Malik and Nakata, 2003). The Main Central 

Fig. 13. Ladhiya river basin exposing numerous additional pieces of evidence of active tectonics viz., fault scarps, 

knick points, tectonically 

Fig. 14. Displaying the index of relative active tectonics (IRAT) 
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Thrust (MCT) and Main Boundary Thrust (MBT) are 

identified as key zones of Cenozoic shortening across 

the Himalayas (Gansser, 1964; Valdiya et al., 1984). 

However, the current tectonically active boundary be-

tween the Indian and Eurasian plates is marked by the 

Himalayan Frontal Fault (HFF) (Nakata, 1989). The 

Ladhiya River Basin, situated between the South Almo-

ra Thrust and the Main Boundary Thrust, is significantly 

influenced by these tectonically active structures, which 

play a dominant role in the basin's evolution. The mor-

photectonic parameters individually and collectively 

indicate strong tectonic influence over the river.  

The northern part of the drainage basin is heavily influ-

enced by tectonic forces, primarily due to intense tec-

tonic activity along the Ramgarh Thrust (RT). In the 

Northern Central and South Central sub-basins, there 

is a noticeable interplay between tectonic forces and 

erosional processes. This dynamic interaction is sup-

ported by geomorphic indices such as drainage densi-

ty, drainage texture, bifurcation ratio, and stream length 

gradient, which collectively highlight the ongoing strug-

gle between tectonic uplift and erosion (Fig. 14). 

Basin asymmetry further reveals that the trunk stream 

shifts both southward and northward, creating mean-

ders in several areas within the Central region. This 

meandering pattern, along with other tectonic indica-

tors, underscores the significant tectonic control shap-

ing the basin's morphology. 

 

Conclusion 

 

This study underscores the importance of integrating 

multiple morphotectonic indices to accurately assess 

active tectonics, as relying on a single index can lead to 

ambiguous or conflicting results. Therefore, the present 

study examined nine morphotectonic indices across 

seven sub-basins within the Ladhiya River Basin, East-

ern Kumaun Himalaya, based on a detailed assess-

ment of the region's tectonic activity. The derived re-

sults of each indicator displayed a remarkable fact that 

river basisn is under constant evolution in the form of 

struggle between erosive forces and tectonic uplift. For 

example, western extremity and sub-basin on the south

- south north indicated strong tectonic influence, clearly 

revealing in the final results of the Index of Relative 

Active Tectonics (IRAT).  Further, the results empha-

sized the dominant role of tectonic forces, especially 

along the Ramgarh Thrust (RT), South Almora Thrust 

(SAT), and Main Boundary Thrust (MBT), in shaping 

the basin's evolution while the sub-basin on the right 

bank shows high impact of erosive forces. It was also 

concluded that the southward movement of tectonic 

forces may cause disturbances in the river basins 

aligned from west to east, indicating the need for care-

ful consideration before constructing mega structures in 

the close vicinity of river channels.The interplay be-

tween tectonic uplift and erosional processes is evident 

in the Northern Central and South Central sub-basins, 

supported by geomorphic indices such as drainage 

density, drainage texture, bifurcation ratio, and stream 

length gradient. Additionally, basin asymmetry and me-

andering patterns of the trunk stream further empha-

size the strong tectonic control shaping the basin's mor-

phology. Situated in the seismically active Himalayan 

region, the Ladhiya River Basin exemplifies the dynam-

ic tectonic processes driven by the ongoing collision 

between the Indian and Eurasian plates. 
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