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Abstract Two morphometric approaches are applied on the Sukri River’s water-
sheds to study their tectonic activeness. Based on Analytic Hierarchic Process (AHP) 
and Index of Active Tectonics (IAT) studies, sub-watershed 1 (SW1) and 2 delin-
eated are highly active tectonically, SW6 and 7 are moderately active, and SW5 
shows a low tectonic activeness. Both approaches reaching common results confirm 
the morphological findings of this study. Bathymetry (topographic) and gravity vari-
ation in the Sukri basin are studied. The results clearly show a height variation within 
200–1600 m, with a 1400 m upward continuation and no specific elevation trend. 
Several depressions can be seen within the region because of the available graben. 
The gravity contour plot in the Sukri basin also shows no particular trend similar 
to the topographic map. The gravity values within the region vary from − 10 to 80 
mGal. The difference between high and low gravity anomalies is ~ 90 mGal could 
be possible because of grabens. We also estimated bathymetry gravity, which is a 
function of bathymetry and estimated their percentage deviation (PD). The obtained 
result of PD shows its deviation varies from -400 to 1200% within the region. 
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1 Introduction 

1.1 Geomorphic Approaches 

Industrial and academic experts have been investigating the Rajasthan basins (e.g. 
Dasgupta and Mukherjee 2017; Biswas et al. 2022a, b; Kar et al. 2022; Puniya et al. 
2023a, b; Biswas et al.  2024). 

Active tectonics studies the dynamic processes influencing the formation of the 
landforms and their changes (Yemani et al. 2011). In particular, active tectonics is 
studied using geomorphic indices (Goorabi and Nohegar 2005). Rivers are studied to 
assess active tectonics since they are one of the most significant landscapes on Earth 
and are sensitive to tectonic activity. Many geological and hydrological processes 
alter river’s course. This is followed by morphological changes and bank erosion 
(Telvari 2009; Yargholi and Goraji 2014). 

Because the landscape retains a significant archive of the rates and spatial distri-
bution of deformation, geomorphology plays key role in the study of active fault 
systems (Kirby and Whipple 2012). Active tectonism has been extensively studied 
through the use of geomorphic indices, which are able to identify landform responses 
to deformation processes (e.g. Brookfield 1998; Keller and Printer 2002; Chen 2003; 
El Hamdouni et al. 2008; Gao et al. 2013). 

Understanding the processes of landform development, soil physical qualities 
and erosion characteristics depends critically on the efficacy of the drainage network 
morphometric (Malik et al. 2011; Okumura and Araujo 2014; Rodrigo-Comino et al. 
2016). A number of studies have already utilised the Index of Active Tectonics (IAT) 
to rank the watersheds according to tectonic activity (Anand and Pradhan 2019). 

In this work, the sub-watersheds’ reaction to tectonic activity has been prioritised 
using both the Analytic Hierarchic Process (AHP) and IAT. 

1.2 Geophysical Approaches 

The gravity method for the detection of geological features and faults has been widely 
used in several parts of the globe (Nyalugwe et al. 2020; Yanis et al. 2020; Dewanto 
et al. 2022). The physical principle of gravity method is based on Newton’s gravitation 
law, which states that the value of working force between two mass bodies is directly 
correlated to the multiplication of their masses and inversely correlated to the square 
of distance between them (Surya et al. 2019; Benyas et al. 2021). The gravity method 
is a type of geophysical method used to measure the difference between the gravity 
of the Earth and its density variation alongside each measurement (Yanis et al. 2023). 
The free-air gravity anomaly measurements are the values of gravity accelerations 
that are topography affected that do not consider the mass of rock in subsurface. 
Gravitational data interpretation and analysis are generally given by their horizontal
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Fig. 1 Delineated sub-watersheds of river Sukri 

and vertical derivative spatial variations. The current study presents an analysis of 
gravity in the Sukri basin and its direct relation with bathymetry (topography). 

2 Study Area 

The river Sukri, a left-hand tributary of the Luni River, has been chosen (Fig. 1). Sukri 
is a river of fifth order with seven major tributaries. The Sukri river basin is a part of 
the mid-west alluvial plain and is located west of the Aravalli range. Orographically, 
the basin’s eastern section is characterised by hilly terraces of the Aravalli chain, 
while to the west of these hills lies a narrow alluvial plain that gradually slopes 
westward. 

3 Geology and Tectonics 

The Indian desert is an extension of the Peninsular region geologically. Undiffer-
entiated Aeolian deposits from the Quaternary era cover the maximum area. The 
Neoproterozoic–Mesoproterozoic Erinpura Granite and Gneiss comprise the highest
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Fig. 2 Major geological formations and lineaments of the study area. Source https://bhukosh.gsi. 
gov.in 

portions of the sub-watersheds. Jalore plutonic (granite) rocks are present in tiny 
places, particularly over the sub-watershed 1 (SW1) and SW2. Sankra Dykes /Malani 
Igneous suite is located at the far-right portion of SW1. A distinct NE-SW lineament 
that runs along the major Sukri River channel. On the sub-watersheds’ catchment 
regions, several smaller lineaments are documented (Fig. 2). 

4 Methodology 

4.1 Morphometry 

On the ArcGIS 10.4 platform, seven sub-watersheds of Sukri are identified. To 
extract the streams and sub-watersheds, a 30-m resolution Shuttle Radar Topographic 
Mission (SRTM) Digital Elevation Model is utilised. Six morphometric parameters 
were studied (Table 1). Tectonic activity is utilised to rank the sub-watersheds using 
the Analytic Hierarchical Process (AHP). The ArcGIS 10.4 platform generates raster 
files for every parameter. These are then categorised appropriately. The weights 
determined by AHP are applied using the weighted sum approach. Sub-watersheds 
have also been categorised according to tectonic activity using the Index of Active 
Tectonics (IAT).

https://bhukosh.gsi.gov.in
https://bhukosh.gsi.gov.in
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Table 1 Selected morphometric parameters for the sub-watersheds 

Formula for 
basin scale 
indicators 

Equations and 
meaning of symbols 

Explanations References 

Asymmetry 
factor (AF) 

AF =
(
Ar 
At

)
∗ 100 

Ar : area of the basin 
(km2) to the right of 
the main channel 
facing downstream 
and At : total area 
(km2) of the basin 

An indicator to measure how much 
a river basin is tilted under the 
influence of tectonics 

Hare and 
Gardner (1985) 

Transverse 
topographic 
symmetry (T ) 

T = Da Dd 
Da: the distance from 
the drainage basin’s 
midline to the 
meander belt’s 
midline 
Dd: the distance from 
the basin’s midline to 
the basin divide 

T = 0 for a symmetric basin. As 
asymmetry develops, T rises and 
eventually equals 1 

Cox (1994) 

Form factor 
(Rf ) 

Rf = A 
L2 b 

A: signifies the area of 
the basin, Lb: denotes 
the length of the basin 

Rf ranges from 0 to 1. Rf = 1 
denotes a circular basin 

Horton (1945) 

Elongation 
ratio (Re) 

Re = 1.128
√

A 
Lb 

A: signifies the area of 
the basin, Lb: denotes 
the length of the basin 

Re is influenced by geology and 
climate. Re varies from 0 to 1 (e.g. 
Wołosiewicz 2018). As the 
landscape evolves, the river basin 
becomes circular and Re tends to 
be 1 

Schumm (1956) 

Drainage 
texture (Dt) 

Dt =
∑

Nu 
P 

ΣNu: Total number of 
segments of all order 
in a basin, P: 
Perimeter of the basin 

The lower values Dt indicate lower 
relief of basins, permeable 
lithology which has high 
infiltration capacity 

Horton (1945) 

Hypsometric 
integral (HI) 

HI = Elemean−Elemin 
Elemax−Elemin 

Ele: Elevation 

HI is an important index of basin 
development with respect to its 
erosional and depositional works 

Pike and Wilson 
(1971) 

4.2 Geophysics 

The analytical expression of effect of gravity on uncompensated bathymetric 
(topographic) depths for a terrain is given by (Parker 1973): 

gbathymetry(k) = 2πG(ρm − ρc)e
−kd 

∞∑
n=1 

kn−1 

n! F
{
hn (x, y)

}
(1)
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Here ρm and ρc are the densities of the mantle and the crust, respectively, in g 
cm−3. The gravitational constant is indicated by G (m3 kg−1 s−2) and an undu-
lating bathymetry Fourier transform by F{h(k)}. Further, d is the mean mantle depth 
(in km) and k the wave number in km−1. Here n stands for the order of the equation. 
Putting n = 1 in Eq.  (1), we get the first-order expression of the analytical solution 
(Watts 2001): 

gbathymetry(k) = 2πG(ρm − ρc)e
−kd F{h(x, y)} (2) 

After multiplying with an adjusting factor (σ) in right side, we can get gbathymetry 

value equivalent to f ag. 

gbathymetry(k) = 2σπG(ρm − ρc)e
−kd F{h(x, y)} (3) 

Equation (3) assumes that bathymetry (topography) is linearly connected with 
gravity anomaly in the wave number domain. 

The percentage deviation (PD) between free-air gravity (FAG) (gfag) and 
bathymetry gravity (gbathymetry) has been estimated by using following formula (Eq. 9 
of Dabbakuti and Ratnam 2017): 

PD = 
gbathymetry − gfag 

gbathymetry 
× 100 (4) 

The obtained PD values will show the comparison between FAG and modelled 
bathymetry gravity value. 

5 Results 

Three classes of watersheds with high, moderate and low tectonic activity have been 
obtained through AHP (Fig. 3). Three classes were also deduced based on IAT studied 
(Fig. 4).

The asymmetry factor (AF) is highest for SW1 (26.817), and the sub-watershed 
is tilted towards right. The value of AF is significantly high for the SW2 (20.710). 
SW6 portrays the minimum value of AF (5.587). SW7 and SW4 have lesser value of 
AF (6.816 and 7.410, respectively). The transverse topographic symmetry factor (T ) 
represents the deviation of the main channel from its mid-path. It shows highest value 
(0.646) for SW7 followed by SW2 (0.620). SW5 marks the lowest value of T (0.146). 
The shape of basin is well-represented through the Elongation Ratio (Re) and Form 
Factor (Rf ). The value of Re is lowest for SW1 (0.464). It is marked to be maximum 
(0.774) for SW3. SW5 and 6 have also higher values (0.745 and 0.727, respectively) 
for Re. The  value of  Rf is lowest (0.169) for SW1. Lesser values of Rf are marked 
for SW2 (0.210) and SW4 (0.227). The maximum value (0.470) is marked for SW3. 
The drainage texture (Dt) is maximum (0.706) for SW5 and lowest (0.158) for SW7.
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Fig. 3 Three classes—high, moderate and low—based on tectonic activeness as computed through 
Analytic Hierarchic Process (AHP)

The overall values of hypsometric integral (HI) is not very significant. It is maximum 
(0.209) for SW7 and minimum (0.083) for SW5. 

Raster files are created for each parameter by applying the parameters at the sub-
watershed scale. Weights are applied to every raster file by computing them using 
AHP (Table 2). The ArcGIS 10.4 platform’s weighted sum approach has divided 
the sub-watersheds into three classifications based on the degree of tectonic activity: 
high, moderate and low. SW1, 2 and 4 are categorised as upper class. SW5, low class, 
and SW3, 6 and 7 are designated as mild.

Additionally, the sub-watersheds have been divided into three groups by the IAT: 
high, moderate and low (Table 3). SW4, SW6 and SW7 belong to the moderate class, 
whereas SW1 and SW2 are in the high class. The SW3 and SW5 are in the low class.
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Fig. 4 Three classes—high, moderate and low—based on tectonic activeness of the sub-watersheds 
as computed with the help of Index of Active Tectonics (IAT)

6 Discussions 

6.1 Geomorphology Perspective 

The morphometric parameters show that the sub-watersheds have contrasting asym-
metry as well as shape. The values of AF and T suggest that the sub-watersheds have 
different degree of tilting. Note that the overall slope of the land is from east to south-
west. River Sukri has total six tributaries on its left hand and only one tributary on 
its right. Most of its sub-watersheds (SW1-3, 6) are tilted towards right depending 
presumably on the local gradient and lithological control. The shapes of the sub-
watersheds as reflected through Re and Rf suggest that SW1-2 and 6 are elongated. 
This further suggests the less lateral expansion of the sub-watersheds. Contrary to 
this, SW5 is more circular with more first- and second-order streams suggesting the 
lateral expansion of the sub-watershed. The drainage texture is also high for SW5 
for this reason. The overall flat nature of the landscape, covered with Quaternary 
deposits, contributes to the lesser HI value of the sub-watersheds. 

Interestingly, AHP- and IAT-based categorisation of the sub-watersheds provide 
near similar pattern of the tectonic activeness of the sub-watersheds. Both AHP and
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Table 2 Weights calculated through the Analytic Hierarchic Process (AHP) 

Parameter Class Class range Weight 

Asymmetry factor 1 15.245–26.817 31.57 

2 7.336–15.244 

3 5.587–7.335 

Elongation ratio 1 0.464–0.644 25.19 

2 0.645–0.731 

3 0.732–0.774 

Transverse topographic symmetry factor 1 0.450–0.646 19.28 

2 0.285–0.449 

3 0.146–0.284 

Form factor 1 0.169–0.224 13.32 

2 0.225–0.416 

3 0.417–0.470 

Drainage texture 1 0.359–0.706 6.16 

2 0.247–0.358 

3 0.158–0.246 

Hypsometric integral 1 0.163–0.209 4.50 

2 0.112–0.162 

3 0.083–0.111

Table 3 Calculation for the Index of Active Tectonics (IAT) 

Sub-watershed HI Re Dt Rf AF T Sum IAT = Sum/n 
[n = number of parameters = 6] 

1 2 1 3 1 1 1 9 1.5 

2 2 1 2 1 1 1 8 1.33 

3 2 3 3 3 1 2 14 2.33 

4 3 1 2 2 2 2 12 2 

5 2 3 1 3 2 3 14 2.33 

6 1 2 1 2 3 2 11 1.83 

7 1 1 3 2 3 1 11 1.83

IAT designate SW1 and 2 to be highly active tectonically. Similar confirmation was 
results are notices for SW6, 7 (moderately active tectonically) and SW5 (low tectonic 
activity).
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6.2 Geophysical Perspective 

The bathymetric (topographic) data has been accessed from General Bathymetric 
Chart of the Oceans (GEBCO) (Internet ref-1). The contour plot has been plotted 
using the MATBALB 2017b version, which includes seven watersheds (W) (Fig. 5). 
The results clearly show height variation within 200–1600 m with 1400 m upward 
continuation. No specific elevation trend is deciphered; however, several depressions 
were observed. For example, a major depression is displayed in the southern part of 
the Jalor district. This depression is > 300 m deep and ~ 20 km wide. The depression 
is filled up to a depth of ~ 85 m (Bajpai et al. 2001). The location of parallel and 
bifurcating channels of the Luni River together with laterally pinching sand bodies 
within this depression is possibly the result of tectonic activation in this zone leading 
to subsidence (Bajpai et al. 2001). The highest topography up to ~ 1600 m is found at 
the southern side of the W5 watershed and similar kinds of depressions are available 
surrounding it. 

The gravity contour plot in the Sukri basin has been made using the MATLAB 
2017b environment (Fig. 6). The study region includes seven watersheds (W), which 
show different gravity variations (Internet ref 2). Similar to the topographic map,

Fig. 5 The regional map of the Sukri basin with plot of bathymetry (elevation) data. Colour bar: 
height in m with respect to the mean sea level (MSL) 
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there is no particular trend available for gravity plots; however, it varies from −10 to 
80 mGal in the entire region. The difference between high and low gravity anomalies 
is ~ 90 mGal, which cannot be explained based on the density difference between 
the basement material and alluvium, while it is possible because of grabens (Bajpai 
et al. 2001). The east and west parts of the region have the lowest gravity around − 
10 mGal. The gravity lows in the west and east are not simply due to the filling of 
low-density alluvium, rather these could be the results of a flexure or geologic fault 
(Parasnis 1966). A gravity depression up to -10 mGal exists in the western part of 
W2 and W3 watersheds possibly reflecting a graben structure. This graben extends 
towards the NE coinciding with the course of the Sukri River. 

We selected h(x, y) from the bathymetric height (GEBCO) and estimated 
the gravity effect of the uncompensated bathymetry. The densities of crust (ρc) and 
mantle (ρm) are  taken as 2.67 g cm−3 and 3.3 g cm−3, respectively (Ganguli and 
Pal 2023). In the current study, we selected d = 42 km and k = 0.04 km−1 (Ussami 
et al. 1993). The estimated gravity bathymetry plot has been shown in Fig. 7. As we  
can see from Eq. 3, that h(x, y) multiplication coefficient is a constant value; hence, 
gravity bathymetry must follow the trend of bathymetry (the trend of Fig. 1) height, 
only the difference is that the results are in mGal unit. In the next step, we tried 
to understand the deviation between FAG gravity value and estimated bathymetry

Fig. 6 Regional FAG map of the Sukri basin. Colour bar: gravity tend (mGal) 
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Fig. 7 Bathometry gravity plot (mGal) of the Sukri basin. Colour bar: gravity tend (mGal)

gravity values. We use Eq. 4 of percentage deviation (PD) and the obtained results 
are plotted in Fig. 8. Here positive deviation indicates that bathymetry gravity values 
are high. In contrast, negative values indicate they are low. The value of this deviation 
varies from −400 to 1200% within the region. 

7 Conclusions 

Based on AHP and IAT studies, sub-watershed 1 (SW1) and 2 delineated for the 
Sukri River are highly active tectonically. SW6 and 7 are moderately active, and 
SW5 shows a low tectonic activeness. 

The bathymetric (topographic) results in the Sukri basin show height variation 
within 200–1600 m, while the gravity results have variation from −10 to 80 mGal. 
Both bathymetry (topographic) and gravity plots have no trend in the entire region. 
The difference between high and low gravity anomalies is ~ 90 mGal, which is 
possible because of grabens. A gravity depression up to −10 mGal exists in the 
western part of W2 and W3 watersheds possibly reflecting a graben structure. The 
deviation between FAG gravity value and estimated bathymetry (topographic) gravity
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Fig. 8 The percentage deviation between bathymetry gravity and FAG in the Sukri basin

values is studied. The positive deviation (1200%) indicates that bathymetry (topo-
graphic) gravity values are high and in contrast, the negative deviation (−400%) 
connotes that they are low in the Sukri basin. 

Acknowledgements A self-funded work. Springer is thanked for proofreading and publishing. 
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Abbreviations and Symbols 

AF Asymmetry Factor 
AHP Analytic Hierarchic Process 
Dt Drainage texture 
F{h(k)} Fourier transform 
FAG Free-air gravity 
G Gravitational constant 
GEBCO General Bathymetric Chart of the Oceans 
HI Hypsometric integral 
h(x, y) Bathymetric height
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IAT Index of Active Tectonics 
MSL Mean Sea Level 
PD Percentage Deviation 
Re Elongation ratio 
Rf Form Factor 
SRTM Shuttle Radar Topographic Mission 
T Transverse Topographic Symmetry 
ρc Density of crust 
ρm Density of mantle 
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