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1. Introduction
Tectonic geomorphology is the study of landforms caused 
by tectonic activity (Burbank and Anderson, 2012; 
Khan et al., 2022). The application of geomorphologic 
ideologies to solve tectonic complications is termed 
tectonic geomorphology (Keller and Pinter, 2002). The 
history, magnitude, and rate of these activities can be 
assessed by applying the geomorphic propositions (Keller 
and Pinter, 2002). A digital elevation model (DEM) is 
used to represent the quantitative investigation of the 
earth’s surface (Summerfield, 1999). Geomorphic and 
topographic calculations are fundamentally examined 
on a DEM basis (Székely, 2001). Improved DEM and 
geospatial tools have significantly advanced geomorphic 
studies. Changes in tectonic activities alter the relative 
state of equilibrium in an active tectonic area (Keller and 
Pinter, 2002; Burbank and Anderson, 2012). Subsequently, 
the fluvial system is readjusted as per climate or tectonic 
changes (Burbank and Anderson, 2012). Finally, rivers 
record the tectonic processes of the geomorphologic 
evolution process. Thus, geomorphic indices are used to 
conduct (semi)quantitative morphotectonic analyses in 
order to determine the geomorphic characteristics and 
tectonics of a selected area (Brookfield, 1998; Keller and 
Pinter, 2002; Chen et al., 2003; Kobor and Roering, 2004; 

Hamdouni et al., 2008; Zygouri et al., 2015; Topal et al., 
2016; Liu et al., 2020).

Over the recent past, huge advancements have taken 
place in the study of active tectonics in geomorphic basins. 
Bull and McFadden (1977) and Silva et al. (2003) applied 
the shape of the basin and asymmetric factor parameters 
to examine tectonic phenomena. Similarly, Hamdouni et 
al. (2008) conducted a study in Spain and calculated the 
relative tectonic activity using several geomorphic indices. 
Font et al. (2010) intensively studied an area in France 
and examined the relationship shared by channel gradient 
and hypsometry parameters to test neotectonic activities. 
Giaconia et al. (2012) used standard geomorphic indices 
to show the active tectonics of the Sierra Alhamilla. Joshi 
and Kotlia (2018) studied the lithology and tectonics 
of the landform in India on the basis of morphometric 
parameters. The aforementioned studies have shown 
that geomorphic indices are applicable for investigating 
geomorphic responses to tectonic activity. 

Masson et al. (2004) found that the Arabian-
Eurasian convergence led to extensive deformation at the 
Makran East-West Mountain ranges in Iran as well as in 
Pakistan. In the Hingol basin, there are two main tectonic 
lineaments. The Ornach-Nach Fault, which strikes NS, and 
a series of strikes running NNE-SSW with several smaller 
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lineations make up the eastern lineament. They cause 
relief and drive gravitational and erosional processes. 
The NNE-SSW alignments cross several major rivers at 
high angles, mainly in the northeast, providing perfect 
geometries for studying the current neotectonic activities 
and their consequences on the rivers (Figure 1). Moreover, 
the homogenous climate and weak bedrock conditions, 
with no anthropogenic activities, create opportunities to 

examine tectonic-related studies (Haghipour et al., 2012; 
Smith et al., 2012; Haghipour and Burg, 2014). So, the goal 
of this research is to figure out how strong neotectonics 
are by using GIS-based geomorphologic parameters, field 
examinations, and past seismic evidence from Hingol 
Basin at the easternmost part of Makran at the northern 
edge of the triple junction in Pakistan.

 

Figure 1 Figure 1. Geological map of the Hingol Basin, Pakistan. Js: Permian-Jurassic marine to continental sedimentary rocks at Indian Plate, K: 
Upper Jurassic-Late Oligocene shallow marine to continental deposits with lava flows in places and ophiolites at Indian Plate, Q: Recent 
sediments, Qem: Pliocene calcareous shale and marls, Qph: Quaternary shelly and reefoid limestone, conglomerate and sandstone, Qpkc: 
Quaternary conglomerate, Qt: Quaternary alluvial deposits, Tb: Palaeocene-Eocene Ophiolites, Ten: Jurassic-Oligocene sedimentary 
rocks at the Indian Plate, Tk: Oligocene-Early Miocene sandstone with interbedded shale, Tmp: Early Miocene mudstone and frequent 
thin sandstone, Tnh: Miocene-Pliocene mainly sandstones with conglomerate, shelly limestones, clayey shale, Ton: Eocene-Oligocene 
Limestone at Indian Plate, and Tpgd: Palaeocene-Eocene sandstone, conglomerate, limestone, shale and marls.Major Lin.: Major 
Lineations, Minor F.: Minor Faults, CF: Chaman Fault, GF: Ghazaband Fault, PF: Panjgur Fault, HF: Hoshab Fault, NF: Nai Rud Fault, 
JJF: Jhal Jhao Fault, KF: Kapp Fault, BF: Bazdad Fault, AF: Awaran Fault, ONF: Ornach Nal Fault, STF: Sistag Fault, RMF: Ras Malan 
Fault, AGF: Aghor Fault (after Khan et al., 2023b).
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2. Regional framework
2.1. Geological and geographical background
The ephemeral Hingol River drains into the Arabian Sea 
in the Lasbela region (Delisle et al., 2002), which covers 
an area of approximately 27580.35 km2 with a reach length 
of about 1647.8 km. The precipitation data from 2011 to 
2020 (Harris et al., 2020) show an annual precipitation 
contrast of 140 to 298 mm with an increasing trend 
towards the north-northeast. The region experiences a 
climate ranging from arid to semiarid, characterized by 
an annual evaporation rate of about 1830 to 1930 mm. 
This rate typically exceeds the annual precipitation in 
the area (Kehl, 2009). The annual rainfall occurs between 
November and March, reaching its peak in January and 
February. However, glaciation is absent (Kehl, 2009). The 
Arabian Sea region receives two types of monsoon winds 
(Clemens and Prell, 2003; Haghipour and Burg, 2014). In 
summers, humid and warm monsoon winds blow from 
the southwest, while in winters, drier and weaker winds, 
in semiarid to arid environments, blow from the north-
northeast. 

T﻿he eastern boundary of the Hingol Basin is defined 
by the left-lateral strike-slip Ornach-Nal Fault, which 
originates in the southern region of the basin, where three 
tectonic plates—India, Eurasia, and Arabia—converge 
(Khan et al., 2023b) (Figure 1). This convergence of the 
three plates is generally expressed as the Markran triple 
junction in Pakistan (Khan et al., 2023a). The Ornach-
Nal Fault follows a northerly direction from the Makran 
megathrust and then joins the Chaman Fault near Ornach 
village (Ruleman, 2005; Zhang et al., 2011). Hingol Basin 
comprises four major NE/SW trending faults from south to 
north: Nai Rud, Hoshab, Panjgur, and Siahan (not shown 
in the map) thrust faults (Figure 1). The region developed 
at the convergent margin of the Asian and Arabian plates, 
primarily from recycled sediments in the Cenozoic. These 
sediments were brought up by the older uplifted Indian-
Asian collision zone (Harms et al., 1984; Fruehn et al., 
1997). The detrital inputs from the Himalayas have been 
disconnected, making the Makran accretionary wedge 
self-maintained since the Lower Miocene (Schlüter et 
al., 2002; Mouchot et al., 2010). Moreover, half of the 
basin represents massive sedimentary beds in the Upper 
Oligocene to Lower Miocene Formation. Harms et al. 
(1982, 1984) argued that the northern parts (excluding the 
formations at the Indian Plate) were formed on the ocean 
floor, while the southern parts formed above the wedge in 
a slope-shelf environment. The northeastern part of the 
basin resembles Permian-Oligocene marine to continental 
sedimentary rocks of the Indian Plate and Palaeocene-
Eocene ophiolitic rocks. 
2.2. Seismic activities
The Ornach-Nal Fault is the southern extension of the 
Chaman Fault System, extending south from the arc-

trench gap to the Arabian Sea. A number of four major 
earthquakes have been recorded with a maximum 
magnitude of 7.7 since 1990 in Hingol Basin (Figure 1) 
(source: USGS catalog). The occurrence of the 2013 Mw 7.7 
earthquake in Awaran recently highlighted the continued 
deformation of the accretionary wedge faults underneath 
the subducting zone (Figure 1). The Nai-Rud (NF), 
Hoshab (HF), and Panjgur (PF) faults have been identified 
on the Makran accretionary prism (including Siahan fault 
but not shown here) (Figure 1). These faults in the Makran 
accretionary prism at the west are arcuate, with strikes 
bending northward, suggesting the effect of the Ornach-
Nal Fault’s left lateral shear. Shah et al. (2021) conducted 
a study across the Ornach-Nal Fault and computed a 15 
mm/yr slip rate. The west side of the Ornach-Nal Fault was 
the epicentre of the 2013 earthquake, which propagated 
southwestward via the Awaran Fault (Figure 1). According 
to Barnhart et al. (2015), the strike-slip mechanism on 
the NE portion of the NNE-SSW fault converts to thrust 
when the fault’s direction shifts farther toward E-W 
(Figure 1). Despite the fact that the 2013 mainshock was 
mostly a strike-slip occurrence, the aftershocks revealed 
considerable thrust activity west of Hingol Basin (Avouac 
et al., 2014). The eastern NE-SW-oriented segments (Figure 
1) are expected to rupture in an oblique way according to 
this deformation model because the Chaman Fault is more 
likely to affect them. These faults were assigned a dip angle 
of 60° in the analysis undertaken by Zhou et al. (2016). 
The N-S compression causing active subduction is more 
likely to affect the western sections, which strike in an E-W 
direction (Figure 1). Geological and geophysical evidence 
indicates that faults in the western section of the basin 
exhibit a distinctive pure thrust characteristic, with an 
approximate dip of 30° (Crupa et al., 2017). By analysing 
InSAR data, the Siahan Fault (a similar fault at the north of 
Panjgur Fault with the same propagation as that of Panjgur 
Fault) in the northeast has a 2 mm/yr slip rate (Crupa et 
al., 2017). A comparable investigation conducted near 
the Kharan area by Huang et al. (2016) similarly revealed 
a 2 mm/yr slip rate. Thus, each fault in the accretionary 
wedge accommodates a 2 mm/yr compressional motion 
(Figure 1). According to Shah et al. (2021), with 30° thrust 
faulting at the west, a slip rate of 2.3 mm/yr was observed. 
However, the accretionary wedge’s eastern fault segments 
have a resulting slip rate of 3.1 mm/yr (Shah, 2019). Thus, 
the new findings indicate more tectonic stress at the 
western E-W thrust segments. While the Awaran Fault, at 
the NNE of the Hoshab Fault (Figure 1), is the most active 
zone in Hingol Basin (Shah et al., 2021).

3. Methodology
Eight tiles of the Digital Elevation Model 30m were 
downloaded from https://dwtkns.com/srtm30m/. The 
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DEMs were processed and mosaicked in an ArcGIS 10.5 
environment. A hydrology analyst tool was used to extract 
the Hingol Basin, and a total of 43 watershed subbasins 
were delineated within the Hingol Basin. Stream orders 
were defined using six numbers. In order to find the relative 
tectonic activity index (IAT) (Hamdouni et al., 2008), 
the geomorphic indices of the Hingol Basin were used. 
These included stream slope (Ss), surface roughness of the 
topography (Sr), stream length gradient (SL), hypsometry 
(HI), and asymmetry (Af). The SL index was calculated by 
the SLiX Toolbox (Piacentini et al., 2020) in an ArcGIS 
environment, and the rest of the parameters were analysed 
in the hydrology extension of the Spatial Analyst tool. In 
addition, knickpoints were identified using Point Pattern 
on Stream networks (PPS) within the MATLAB-based 
TopoToolbox environment for the river profile analysis of 
each subbasin. PPS comprises a set of MATLAB scripts that 
leverage TopoToolbox version 2 to delineate knickpoints 
(Schwanghart and Scherler, 2014; Schwanghart et al., 
2021; Schwanghart, 2021). Thus, a combination of field 
examination and geological scenarios, along with GIS and 
remote sensing, were employed to quantitatively scrutinise 
the geomorphic progression and tectonic activities of the 
Hingol Basin.

4. Geomorphic parameters and results
4.1. Stream slope (Ss)
It is a representation of the dynamic equilibrium between 
stream transport capacity, substratum erodibility, and 
tectonic activities. The slope of the channel bed eventually 
rises to a point where the weathering materials and the 
product being removed are in balance (Huyghe et al., 2004; 
Lykoudi and Angelaki, 2004; Pánek, 2004). According to 
Kirby and Whipple (2001), the variations in the stream 
slope determine the rate of uplift resulting from tectonic 
activity. The increase in gradient indicates that the stream 
channel is adapting to the different rates of uplift, as the 
incision tries to reach equilibrium in the uplift of rocks.
The expression for this morphometric parameter is:

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 
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𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 values range from 0.30 (B36) to 4.05 (B41), with 
a mean value of 1.20 (Table 1). The 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 of 2.33% belong to 
Class I, 39.53% belong to Class II, and 58.14% belong to 
Class III (Table 1; Figure 2a). This indicates moderate to 
low tectonic activity in the region. 

4.2. Surface roughness (Sr)
A multitude of factors resulting from vertical articulation 
and the slope of the area contribute to the relief gradient 
and energy characteristics. The upsurge in erosion base and 
neotectonic motions are the primary contributors to relief 
energy (Pánek, 2004). Areas with significant uplift exhibit 
high surface roughness (Klinkenberg, 1992; Ascione et al., 
2008). Surface roughness is calculated using the standard 
deviation of a surface’s topography. In this study, 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 of the 
basin surface is determined using the statistical toolkit of 
ArcGIS 10.5  (Nourbakhsh, 2014).

Classes were established to categorize 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 values as 
follows: Class I (>280), Class II (280–170), and Class 
III(<170) (Piacentini et al., 2020). The calculated 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 
values range from 4.39 (B23) to 358.02 (B11), with a mean 
of 163.55. The results are divided into three categories: 
6.98 percent for Class I, 39.53 percent for Class II, and 
53.49 percent for Class III (Table 1; Figure 2b), indicating 
a range of tectonic activity from low to high in the area.
4.3. Asymmetric factor (Af)
The factor of asymmetry can be employed to assess tectonic 
activity at a basin’s drainage size. It has a rather broad range 
of applications (Hare and Gardner, 1985; Keller and Pinter, 
2002). The formula for the 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 indices is expressed by:

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

,				    (2)

Here, 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 denotes the area of key watercourse’s right trunk 
and 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 denotes the total area of the watershed basin.
The 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 ranges of 43 subbasins are presented in Table 
1. Three classes are assigned to the range: Class I, <35 or 
>65; Class II, 57 to <65 or 35 to <43; and Class III 43 to 
<57 (e.g., Hare and Gardner, 1985; Keller and Pinter, 2002; 
Hamdouni et al., 2008). The mean 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

is 48.57, with values 
ranging from 15.68 (B10) to 84.42 (B43). Class I accounts 
for 27.91 percent, Class II for 30.23 percent, and Class III 
for 41.86 percent of the total (Table 1; Figure 2c), signifying 
moderate to low tectonic activities.
4.4. Stream length gradient (SL)
The parameter 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 reflects a structural balance between 
active tectonics (Keller and Pinter, 2002). Abrupt changes 
in channel slope are considered anomalous conditions and 
appear as “steps” along the river (knickpoints). Anomalous 
points can be associated with more erosion-resistant rocks, 
high-flow tributary junctions, and upstream erosion 
caused by a lower base level (Keller and Pinter, 2002). 
Discarding these possibilities, anomalous values may be 
due to tectonics and erodibility, for instance, in channel 
flows (Hack, 1973). The index is applied to assess active 
tectonics (Hamdouni et al., 2008) and is computed as 
follows:

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

					    (3)
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Figure 2 
Figure 2. Demonstrating the five calculated geomorphologic parameters categorized into three classes: (a) stream slope, (b) surface 
roughness, (c) asymmetry factor, (d) stream length gradient. Note that all Hi classes fall in class 2 (not shown here). The numbers 
represent the subbasins. The captions of faults are the same as in Figure 1.
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where 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 is the stream reach’s gradient. The difference in 
height of the reach is 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

, the reach’s length is 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

, and the 
whole length of the stream from the upstream reach’s 
midpoint of interest to the channel’s greatest point is 
denoted by 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

.
Because 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 is reflective of variations in the slope 
of the stream, it is used to assess correlations between 
tectonic activities, the resistance of rocks, and topographic 
surfaces. While the stream runs through an uplifting area,  

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 increases, and where the stream flows analogously to 
specific features, for instance, a basin formed by a strike-
fault, 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 reduces (Keller and Pinter, 2002).

Higher 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 values imply that the highlands were not 
much eroded and reflect a young terrain, possibly caused 
by tectonic activities (Hamdouni et al., 2008). The intensity 
scales of SL are classified as Class I ≥600, Class II ≥500 to 
≤600, and Class III ≤300–500 (Hamdouni et al., 2008).

For each subbasin, we determined the 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 standardised 
average value. The value varies between 181.36 (B34) and 
3081.64 (B40). Table 1 shows how the data were divided 
into three classes: 32.56 percent belongs to Class I, 13.95 
percent to Class II, and 48.84 percent to Class III. Due 
to their smallest basin sizes, 4.65% (B20 and B23) do not 
represent any 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 values (Figure 2d). 

Table 1. The calculated five parameters, classes, and the Index of Active Tectonics (IAT) classes of the Hingol Basin. Here, SS represents 
stream slope, Sr represents surface roughness, Af represents asymmetric factor, Hi represents hypsometry integral, SL represents stream 
length gradient index, ∑C represents sum of the classes and S/N is referred to sum of classes divided number of classes.

Basin Ss Sr Af Hi SL IAT

Value Class Value Class Value Class Value Class Value Class ∑C S/N Class
1 0.44 3 135.73 3 48.02 3 0.4 2 500.05 2 13 2.6 4
2 0.67 3 101.87 3 38.8 2 0.32 2 389.56 3 13 2.6 4
3 1.84 2 216.84 2 73.91 1 0.21 2 273.43 3 10 2 3
4 1.24 2 195.56 2 58.53 2 0.18 2 677.1 1 9 1.8 2
5 2.18 2 164.68 3 54.93 3 0.18 2 226.4 3 13 2.6 4
6 0.87 3 180.11 2 44.28 3 0.19 2 491.99 3 13 2.6 4
7 1.33 2 116.02 3 54.36 3 0.28 2 310.64 3 13 2.6 4
8 0.81 3 249.3 2 41.75 2 0.32 2 548.98 2 11 2.2 3
9 0.5 3 163.75 3 48.39 3 0.33 2 259.01 3 14 2.8 4

10 0.9 3 186.85 2 15.68 1 0.31 2 927.53 1 9 1.8 2
11 0.49 3 358.02 1 46.44 3 0.26 2 896.56 1 10 2 3
12 1.85 2 209.83 2 17.93 1 0.24 2 582.18 2 9 1.8 2
13 0.36 3 91.75 3 41.21 2 0.24 2 343 3 13 2.6 4
14 0.72 3 71.86 3 46.47 3 0.35 2 640 1 12 2.4 3
15 0.77 3 128.12 3 57.63 2 0.34 2 817.35 1 11 2.2 3
16 1.31 2 225.64 2 56.8 3 0.31 2 585.35 2 11 2.2 3
17 0.85 3 195.9 2 37.6 2 0.41 2 1054.8 1 10 2 3
18 1.12 3 125.89 3 46.89 3 0.2 2 290.52 3 14 2.8 4
19 1.13 3 298.39 1 25.04 1 0.3 2 774.86 1 8 1.6 2
20 0.74 3 9 3 46.22 3 0.31 2 - - 11 2.8 4
21 1.45 2 217.36 2 56.38 3 0.2 2 394.45 3 12 2.4 3
22 0.76 3 115.93 3 43.01 3 0.21 2 389.4 3 14 2.8 4
23 0.94 3 4.39 3 46.93 3 0.31 2 - - 11 2.8 4
24 0.71 3 85.05 3 72.56 1 0.34 2 395.24 3 12 2.4 3
25 1.8 2 188.3 2 56.1 3 0.16 2 405.72 3 12 2.4 3
26 0.48 3 138.43 3 67.48 1 0.34 2 997.09 1 10 2 3
27 1.63 2 233.25 2 38.66 2 0.24 2 467.33 3 11 2.2 3
28 0.71 3 177.91 2 32.81 1 0.13 2 594.58 2 10 2 3
29 1.32 2 287.81 1 59.88 2 0.23 2 848.33 1 8 1.6 2
30 0.59 3 182.97 2 43.55 3 0.34 2 920.41 1 11 2.2 3
31 1.74 2 80.76 3 62.17 2 0.19 2 421.58 3 12 2.4 3
32 0.82 3 157.6 3 25.24 1 0.47 2 845.39 1 10 2 3
33 2.91 2 216.6 2 43.03 3 0.14 2 190.13 3 12 2.4 3
34 1.78 2 68.52 3 44.09 3 0.19 2 181.36 3 13 2.6 4
35 0.77 3 90.09 3 68.92 1 0.32 2 604.39 1 10 2 3
36 0.3 3 154.54 3 58.91 2 0.23 2 890.16 1 11 2.2 3
37 1.33 2 96.68 3 63.73 2 0.16 2 388.39 3 12 2.4 3
38 2.16 2 188.15 2 60.72 2 0.14 2 239.39 3 11 2.2 3
39 1.91 2 247.91 2 21.46 1 0.23 2 467.41 3 10 2 3
40 1.15 3 145.96 3 44 3 0.32 2 3081.6 1 12 2.4 3
41 4.05 1 245.45 2 33.35 1 0.23 2 198.47 3 9 1.8 2
42 0.67 3 141.22 3 60.08 2 0.25 2 501.45 2 12 2.4 3
43 1.55 2 142.72 3 84.42 1 0.14 2 201.07 3 11 2.2 3

Mean 1.2 2.6 163.55 2.47 48.57 2.14 0.26 2 590.55 2.17 11.23 2.3 3.14
Min 0.3 1 4.39 1 15.68 1 0.13 2 181.36 1 8 1.6 2
Max 4.05 3 358.02 3 84.42 3 0.47 2 3081.6 3 14 2.8 4
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4.5. Hypsometry integral (Hi)
The elevation dispersion in a specific geographic region 
is reflected by 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

 (Strahler, 1952). It is demarcated by 
an area lower than the curve of hypsometry. It indicates 
the volume of uneroded regions in the basin. This index 
is calculated using this simple calculation as follows (Pike 
and Wilson, 1971; Mayer, 1990; Keller and Pinter, 2002):

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 

 

𝐻𝐻!"#    𝐻𝐻!$%  𝐿𝐿&     𝑆𝑆𝑠𝑠 

𝑆𝑆𝑟𝑟    𝐴𝐴𝐴𝐴   

𝐴𝐴𝐴𝐴 = (
𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴) × 100 

𝐴𝐴𝑟𝑟   

 𝑆𝑆𝑆𝑆      

  ∆(
∆)

   𝑆𝑆𝑆𝑆 = (∆(
∆)
) × 𝐿𝐿,     

 ∆𝐿𝐿 

𝐻𝐻𝐻𝐻 

𝐻𝐻!*"%, 𝐻𝐻!$%, 𝐻𝐻!"#	 

𝐻𝐻𝐻𝐻 = (𝐻𝐻!*"% − 𝐻𝐻!$%)/(𝐻𝐻!"#	 − 𝐻𝐻!$%), 

𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑆𝑆/𝑁𝑁 

𝑆𝑆 = 𝐾𝐾&𝐴𝐴,. 

𝑆𝑆 = 𝐾𝐾&%𝐴𝐴-,!"#  

		 (4)

where 

𝑆𝑆𝑆𝑆 = ((𝐻𝐻!"# − 𝐻𝐻!$%)/𝐿𝐿& × 100, 
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, represent the mean, 
minimum, and maximum elevations, respectively.

Three values may be easily retrieved from the research 
area’s DEMs. The 
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ratios vary between 0 and 1. The range 
of 0 corresponds to heavily eroded and inactive tectonic 
provinces, while 1 corresponds to young and less eroded 

landforms, which are associated with tectonic activities 
(Keller and Pinter, 2002).

A higher index is associated with recent active tectonics, 
whereas lower ratios are associated with mature landforms 
that are more degraded and less influenced by the latest 
tectonic activities. A high 
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 is often convex, and its value 
is usually >0.5. The stage of maturity is defined by convexity 
to concavity, with 
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 ranging from 0.4 to 0.5. Lastly, the 
lower range (0.4) is considered concave (Hamdouni et al., 
2008). The 
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curves of the studied results are shown in 
Figure 3. The calculated 
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 values vary from 0.13 (B28) to 
0.47 (B32), with a mean value of 0.26. The results suggest 
that all of the subbasins are classified as Class II, indicating 
convex to concave stage of maturity with moderate active 
tectonics (Table 1).

 

Figure 3 

 

 

Figure 3. Calculated hypsometric curves of the Hingol Basin. The subbasins with young stages are 1, 2, 
10, 15, 17, 30, and 32, and those with mature stages are 6, 8, 9, 12, 13, 14, 16, 24, 26, 31, 35, 36, 40, and 
42, while those with old stages are 3, 4, 5, 7, 11, 18, 19, 21, 22, 25, 27, 28, 29, 33, 34, 37, 38, 39, 41, and 43.
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4.6. Index of tectonic activity (IAT)
The five geomorphologic parameters were calculated to 
find out the index of IAT, as described by Hamdouni et 
al. (2008). This index is defined as the sum of the values 
and mean of the geomorphologic indices (Habibi and 
Gharibreza, 2015).
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					     (5)

The summation of indices is denoted by ‘S,’ with the total 
number of indices expressed as ‘N.’ To quantify the intensity 
of active tectonics, the IAT index values are categorized 
into four distinct classes (Table 2) (Font et al., 2010). The 
IAT ratios vary from 1.6 to 2.8, with a mean of 2.3 (Table 
1), indicating 13.95 percent of Class II, 58.14 percent of 
Class III, 27.91 percent of Class IV, and no IAT values in 
Class I. The classes indicate moderate to low tectonics in 
the studied region. Table 1 and Figure 4 display the IAT 
classes of the 43 subbasins.
4.7. Knickpoints spatial distribution
The form of river profiles in a bedrock channel tends to 
approach a graded profile by regulating upstream release 
and load transport (Gilbert, 1877; Mackin, 1948). To 
describe graded river profiles, a phenomenal affiliation 
with the slope of the channel and the related upstream 
watershed region can be employed (Flint, 1974; Howard, 
1983). It is calculated by:
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Here, the steepness of the channel index is KS = (U/K) 

1/n, and the concavity is θ = m/n. The steady-state rock 
uplift/erosion (E) degree is U. While the erosion efficacy 
reflecting a collection of aspects is K, which governs 
channel erosion, with a ratio of 0.5 in a typical basin, there 
are positive constants m and n (Tucker and Whipple, 2002; 
Whipple et al., 2013).

The θ and KS may be calculated using channel slope 
(linear regression) vs. area of drainage (log-log plot) 
(Kirby and Whipple, 2001; Wobus et al., 2006). However, 
little changes and/or uncertainties can cause substantial 
changes in KS. Hence, linking catchments of several sizes 
and shapes Ksn (normalised) and a ref concavity is critical 
(Wobus et al., 2006).
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(7)

For steady-state channels, the ref is the concavity parameter 
mean for entire channels in a basin, which falls between a 
given range of 0.4 ≤ θ ≥ 0.6 (Kirby and Whipple, 2001; 
Wobus et al., 2006). The θref can also be computed using 
least scatter χ-elevation analysis (Tucker and Whipple, 
2002; Whipple et al., 2013) and linear fitting of channel 
profiles (Goren et al., 2014; Jaiswara et al., 2019). The Ksn 
may be determined by regressing a specified upstream 
and downstream border data range, as well as the whole 
channel (Snyder et al., 2003). 

A total of 209 knickpoints were generated in Hingol 
Basin (Appendix; Figure 5a). The Hingol drainage basin’s 
main channel and tributaries both have sudden variations 
in the gradient of their longitudinal profiles, indicating 
solitary knickpoints. Some of the knickpoints’ steps are a 
few metres long, while numerous demonstrate convex parts 
with varying amplitudes, slopes, and locations. The causes 
responsible for the origin of most of these knickpoints were 
recognised and categorized into two types, as explained 
below. These knickpoints were separated into migratory 
(slope break) and fixed (vertical step) types based on 
their origin. The average height of knickpoints is 37.34 
m, with values ranging from 20.02 to 243.91 m. Further, 
the knickpoint heights and elevations were grouped into 
five classes due to the large number of data points and are 
present in Table 3. Among these five classes, 119 (56.94%) 
knickpoints belong to the range of 20.02 to 30.0 m height; 
54 (25.84%) knickpoints belong to the range of 30.00 to 
45.64 m height; 22 (10.53%) knickpoints belong to the 
range of 45.64 to 71.89 m height; 9 (4.31%) knickpoints 
belong to the range of 71.89 to 136.05 m height; and 5 
(2.39%) knickpoints belong to the range of 136.05 to 
243.91 m height. The 40.19% of obtained values belong 
to fixed or vertical-step knickpoints denoting limited 
tectonic significance, while 59.81% belong to migratory 
or slope-break knickpoints indicating significant tectonic 
movements, for instance, fault initiation and/or increased 
fault slip (Figure 5b; Appendix).

Table 2. Detailed class ranges of index of active tectonics (Hamdouni et al., 2008).

Class Range Tectonic activity

1 ≤1.0 to <1.5 Extreme

2 ≤1.5 to <2.0 High

3 ≤2.0 to <2.5 Moderate

4 ≤2.5 to ≤3.0 Low
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Figure 4 Figure 4. Illustration of nominal classes for IAT Classes in the Hingol Basin map. Note that no basin 
with Class 1 exists among the 43 subbasins. The numbers represent the subbasins. The captions of the 
faults are the same as in Figure 1.

5. Discussion
5.1. Neotectonic assessment by summarized IAT
The subbasins 12 at the north of the Awaran Fault (an 
eastern extension of the Hoshab Fault), subbasins 4 and 
10 northeast of the Nai Rud Fault, subbasins 19 and 29 
between the Nai Rud Fault and the Ornach-Nal Fault, and 
subbasin 41 at the southwestern part of the Ornach-Nal 
Fault have high IAT values. Structures in the Hingol Basin 

show that the Arabian and Indian plates are moving from 
north to south, east to west, and north to south-west in 
relation to the Eurasian Plate.

In most subbasins, geomorphic indices show IAT 
Classes II and III within most of the southern portions, 
indicating high to moderate tectonic activity. The 
northern areas, on the other hand, have IAT Class IV and 
are thought to have less tectonic activity. This can also 
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Figure 5. The geological map showing: (A) the intensities of knickpoint throughout the Basin and (B) the types of 
knickpoints in the basin. The numbers in white represent the basin number and numbers in black represent associated 
faults. Other legends are the same as in Figure 1.

Table 3. The summarized ranges of knickpoints and elevations extracted from the Hingol Basin (for detailed knickpoints data, the 
readers are referred to Appendix).

S. No KPs height (m) Numbers % of KPs KPs elevation (m) Number % of elevation

1 20.02 to <30.00 119 56.9378 68 to 373 47 22.48803828

2 30.00 to <45.64 54 25.83732 374 to 675 35 16.74641148

3 45.64 to <71.89 22 10.52632 676 to 982 48 22.96650718

4 71.89 to <136.05 9 4.30622 983 to 1248 46 22.00956938

5 136.05 to 243.91 5 2.392344 1248 to 1786 33 15.78947368

Total 209 100 209 100
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be explained by the predominance of clastic rocks in the 
subbasins in the northern parts due to the vast region 
covered by the Panjgur Formation; as a result, weathering 
and erosion occur at about the same rates and grades. Thus, 
the IAT is lithological-related rather than tectonic-related. 
Accordingly, with an exception caused by the existence of 
diverse rock types rather than clastic in subbasin 1, the ratio 
of the valley length to its width remains approximately the 
same, creating a big uncertainty in the IAT calculation.

For much of the along-strike and its surroundings, 
high (Class II) IAT values suggest a complicated tectonic 
framework and significant erosion due to decreased plant 
cover, greater incision, and extremely steep sections (Figure 
4). Low IAT values (Class IV) are found primarily in B1, 
B5, B6 (Indian Block), B2, B9, B13 (south of the Siahan 
Fault), and B18, B22, and B34 (adjacent to the Awaran 
Fault) (Figures 1 and 4). This is probably due to reduced 
erosive conditions and alluvial deposits; thus, the bulk of 
geomorphic indices reflect minimal tectonic activity.
5.2. IAT assessment by lithological contrasts and field 
evidence
The following factors are responsible for the prevalence 
of moderate to low tectonic activity in the Hingol Basin: 
(1) With the exception of the northern subbasins B1, B3, 
B4, B5, B6, B7, and B10, most of the exposed rocks in the 
43 subbasins are clastics. These rocks include ophiolites, 
lava flows, calcareous shale, and limestone sandstone 
beds. Despite the fact that these rocks are exposed in B1, 
B3, B4, B5, B6, B7, and B10, their covering area is quite 
limited, extending exclusively along the Indian Plate’s 
Kirthar Fold belt (Figures 1 and 5). As a result, the clastic 
rocks covering the largest areas of the Hingol basin have 
a significant influence on geomorphological indices, as 
well as the carbonate rocks in B1 and the southernmost 
parts of the Hingol Basin. (2) Because the maximum 
area falls within the region of the low folded zone and 
is subjected to the same tectonic stresses over time. (3) 
The form, size, and arrangement of the valleys are nearly 
identical in the southern parts of the Hingol basin due to 
the predominance of clastic rocks and the similar climatic 
conditions in terms of yearly rainfall and temperature.

The five geomorphic indices are summarised among 
the three primary classes of Hamdouni et al.’s (2008) (Table 
1). This can be attributed to the following outcomes: (1) 
Layers of solid sandstone, mudstone, and conglomerate 
can have a local effect on the shape, width, and depth of 
valleys (Figure 6). Because of this, different results are 
found in different places within the same subbasins. (2) 
The amount of exposed rock can affect the symmetry of 
valleys. For example, when exposed rocks on both sides 
of a valley run along strike, the dipping amount varies on 
both sides of the exposed rocks, resulting in the asymmetry 
of the valley. (3) Within specific subbasins, soft and thick 

sandstone, shale, mudstone, and conglomerate layers, 
particularly in the Panjgur Formation and the southern 
sections, have flat or gently sloping regions (Figure 6); as a 
result, the obtained values vary from other indices. (4) The 
index of SL varies greatly, with the majority falling within 
Class III. This suggests minimal active tectonics. The 
dominance of clastic rock in the Hingol Basin is probably 
to blame for the roughly equal degrees of weathering and 
erosion.
5.3. Neotectonic assessment by knickpoints distribution
5.3.1 Fault-related knickpoints
The positions of knickpoints along the major fault 
zones in the Eastern Makran show a strong association 
between tectonic activities and stream gradient variation 
features. This perfect match of knickpoints and faults 
(Figure 5) shows that the river profile was adjusted to 
basement blocks with varying vertical displacements. As 
a result, differential vertical displacement or rock strength 
reduction that results in minimum resistivity is what 
causes the knickpoints seen along strikes. 
5.3.2. Lithological contrasts-related knickpoints
The lithology in the Hingol Basin is thought to be rather 
homogeneous, so the variation in rock resistivity was 
skipped as a factor of knickpoint generation. The low 
strength of rocks along strikes is not thought to be 
lithological knickpoint sources, which are ascribed to 
fault-related knickpoints (Figure 5). The diverse geology 
responds differently to river erosion and weathering in 
sedimentary layer outcroppings on the NNW Indian Plate 
in the Hingol basin, resulting in knickpoint generation.

The longitudinal characteristics of the streams divided 
into three zones showed a significant lithological influence. 
The first zone, established on the Mesozoic to Cenozoic 
sequences of the sedimentary covers, is found on the Indian 
margin at the NNE (Figures 1 and 5). The series is mostly 
limestone, with varying amounts of arenaceous sequences. 
The sequences of NNE Indian Margin limestone and 
dolomitic rock types are more resistant to erosion than the 
sandstone flysch formation in Inner and Coastal Makran, 
resulting in a dramatic cliff in this part of the basin. The 
second zone is found in the Inner Makran (Makran Flysch) 
and largely consists of the Oligocene to Miocene Panjgur 
Formation (Kassi et al., 2015). While the third zone, 
known as the Coastal Makran, evolved on the southern 
sections with Miocene to Recent sedimentary coverings 
(Hunting Survey Corporation, 1960). The second and 
third zones (Inner and Coastal Makran, respectively) are 
both dominated by lithological control. After passing the 
same lithological contacts, the tributary streams discharge 
into the strikes. On this lithotype, knickpoints often form 
in these parts of the basin. The lithologic connections 
follow the direction of the main strikes in the region.
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Figure 6. Field photos illustrating Ornach-Nal Fault (left-up), Panjgur Fault (left-down), and bedding style of Ornach-Nal 
Fault at the southernmost Hingol Basin (right).

5.3.3. Base-level change related knickpoints
The knickpoints in small tributaries are coextensive with 
the distance upstream of the terrace cliffs generated by 
the main valley incision in Cluster 2 (Figure 7). These 
knickpoints occur higher up in the bigger tributary 
catchments, especially in Cluster 1 (Figure 7). Considerably, 
the knickpoints have the same origin. In addition, the 
catchment size influences the rate of their upstream 
movement, as various field and experimental studies have 
shown (Parker, 1977; Schumm et al., 1987; Rosenbloom 
and Anderson, 1994; Bishop et al., 2005; Crosby and 
Whipple, 2006; Grimaud et al., 2016). The “stream power 
law,” which connects stream power and river incision, 
where stream power is related to discharge, reflects this 
relationship (Howard, 1983; Howard et al., 1994; Seidl et 
al., 1994; Sklar and Dietrich, 2001; Loget et al., 2006; Berlin 
and Anderson, 2007; Royden and Perron, 2013). However, 
discharge statistics for tributary basins are sparse, so this 
idea should be verified, even if it is plausible.

The time required for the basin to readjust is 
another major element impacting the spatial placement 
of knickpoints within the river profile. By deducing 
upstream knickpoint migration, a tributary connecting 
the main channel downstream has more time to modify its 
profile than that connecting the main channel upstream. 
Longitudinal profiles of small tributary basins exhibit 
knickpoints nearer to their junction in the main channel 
than those of larger trunks (Figure 7).

In addition, the knickpoints were grouped into two 
clusters in the elevation vs. distance map (Figure 7). 
In Cluster 1, the knickpoints are less dense; some are 
even located at a similar elevation, inferring that these 
knickpoints with similar elevation could be formed by 
sea-level change as a uniform base-level lowering. The 
knickpoints in Cluster 2 are denser and are probably due to 
the Nai Rud Fault and its associated minor faults crossing 
the drainages and forming additional knickpoints (Figures 
1, 5, and 7). Moreover, we infer that Cluster 1 locates the 
river course where the trunk river is across the ranges, and 
Cluster 2 locates where the trunk river flows alongside the 
ranges (Figure 5).
6. Conclusion
A complex drainage system that has undergone a number 
of changes over time is present in Pakistan’s Eastern 
Makran. The index of active tectonics indicates moderate 
to low tectonic activity. Both the trunk streams and their 
tributaries have a variety of knickpoints. Different local 
variables influence the fluvial dynamics in the basin. We 
have classified the identified knickpoints into categories 
based on the individual or multiple mechanisms through 
which they were formed. Several knickpoints coincide 
with the major strikes that run through the basin, 
implying a link between drainage history and tectonic 
activities. Besides, the migratory knickpoints, comprising 
59.81%, are indicated by the singular base-level fall. 
Moreover, 40.19% of knickpoints indicate enhanced 
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Figure 7 
Figure 7. The plot showing the elevation vs. distance graph of the Hingol Drainage Basin 
divided into two clusters. Note that the knickpoint height (m) denotes the steps of the 
knickpoints in metres.

tectonic activities, for instance, fault initiation and/or 
increased fault slip. The results revealed that the northern 
edge of Nai Rud, between the Nai Rud and Ornach-
Nal faults, and north of the Awaran Fault, experienced 
higher tectonic activity. Meanwhile, the subbasins with 
low tectonic activity are attributed to reduced erosive 
conditions and alluvial deposits. Lithology, particularly 
sedimentary covers, is regarded as one of the most vital 
variables controlling the streams’ longitudinal profiles. The 
field evidence demonstrated that clastic rocks like massive 
and consolidated sandstone, mudstone, and conglomerate 

layers have a significant impact on the geomorphological 
indices. Moreover, the same tectonic stress is applied to 
the low-folded zone. Additionally, the similar temperature, 
climatic conditions, and rainfall led to the identical order, 
form, and size of the valleys in the southern parts.
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