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1. Introduction
Several factors influence river networks; however, tecton-
ics is one of the most important (e.g., Yildirim et al., 2011; 
Kirby and Whipple, 2012; Haghipour and Burg, 2014, 
Mandal et al., 2017; Peri et al., 2022; Kaveh-Firouz et al., 
2023), as they are affected both by the ensuing mountain 
uplift (e.g., Whipple and Tucker, 1999; Bishop et al., 2005) 
and by material weakening in fault zones (e.g., Molnar et 
al., 2007; Koons et al., 2012). Therefore, the river sensitiv-
ity to climate and/or tectonic changes has made the quan-
titative analysis of channel morphology a valuable archive 
of active deformation (Schumm et al., 2000) in morpho-
tectonic studies. Morphometric indices and longitudinal 
river profiles are used in landscape evolution and tectonic 
geomorphology studies (e.g., Merritts and Vincent, 1989; 
Snyder et al., 2000; Kirby and Whipple, 2012). Knick-
points are relatively steep reaches in longitudinal profile 
of a rivers, which are deviations from the characteristically 
smooth and concave form of both alluvial and bedrock 
rivers and usually considered as a response to the resis-
tance of rock (Gardner, 1983; Miller, 1991) and tectonic 
activity (Bishop et al., 2005; Crosby and Whipple, 2006). 

Factors influencing the creation of knickpoints can 
be referred to erosional resistance of bedrock (Miller, 
1991), transient responses to base level fall (e.g., Castillo 
et al., 2013), tectonic activity (e.g., Bishop et al., 2005; Bull, 
2007), and changes in load of sediment from tributaries 
(Jansen et al., 2011). A combination of the factor is of-
ten considered for the knickpoints origin (Phillips et al., 
2010). Knickpoints are often known as the key to study-
ing the geomorphological evolution of landscapes (Bishop 
et al., 2005; Hayakawa and Oguchi, 2009). In previous 
studies, knickzones were identified using visual control 
of longitudinal profiles, field observations and other data 
sources including topographic maps and high-resolu-
tion aerial photographs (e.g., Miller, 1991; Zaprowski et 
al., 2001; Duvall et al., 2004; Crosby and Whipple, 2006; 
Zhang et al., 2011). In such studies, often small numbers of 
knickzones were visually interpreted. Recent studies have 
provided a method to extract knickpoints in broad areas 
using digital elevation models (DEMs) and geographical 
information system (GIS) (Hayakawa and Oguchi, 2006, 
2009), that can be used to extract river knickpoints in an 
area. In locating knickpoints which formed by tectonics 
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(Kirby and Whipple, 2012; Lague, 2014; Boulton et al., 
2014; Wei et al., 2015; Demoulin et al., 2017), it is very 
useful to use quantitative methods for precise evaluation 
of the relationship between recent tectonic activities and 
knickpoints in a vast area. In this study, using ASTER 
GDEM (30 m) in GIS and MATLAB software, changes in 
the river steepness (Whipple et al., 2007) in the southern 
flank of Central Alborz Belt were investigated. Also, after 
obtaining normalized steepness index (ksn), the tectoni-
cally formed knickpoints (TFKs) were measured. 

This area is affected by the NNE-SSW-trending con-
tractional movements of the Arabian plate (e.g., Guest 
et al., 2006; Djamour et al., 2010; Rezaeian et al., 2012; 
Madanipour et al., 2013; Ballato et al., 2010, 2011, 2015) 
(Figure 1a) and there are many large and active faults 
in the area, which have been formed or reactive during 
the contractional movements. Moreover, comparison on 
the rate of vertical movement across the Central Alborz 
shows a progress of young deformation in Central Alborz 
toward the range southern hillside (Saberi et al., 2017). 
Therefore, this area is a suitable area for studying the char-
acteristics of knickpoints and their relationship with the 
active segments of faults and river evolution. The purpose 
of this research is identifying TFKs and measuring their 
characteristics (length and height) and also identifying 
parts of active faults that have affected the slope of the 
river’s longitudinal profiles in different parts of the south-
ern Central Alborz Belt. The study of TFKs is useful and 
necessary for the evaluation of recent tectonic activities in 
the southern flank of Central Alborz Belt.

2. Regional setting
The study area (12,840 km2) is located in the southern 
margin of Central Alborz Belt. The Alborz Belt in the 
north of Iran are part of the N-S-trending shortening 
between the Arabian and Eurasian plates. Present day 
N-S shortening and left-lateral shear across the Alborz 
Mountains occurs at 5 ± 2 mm/year and 4 ± 2 mm/year, 
respectively (Djamour et al., 2010; Vernant et al., 2004). 
Hence, the range has been deformed by strain partition-
ing of the oblique shortening in left-lateral strike-slip and 
thrust faults (Jackson et al., 2002; Allen et al., 2003). The 
studied area is affected by the northward movement of 
Central Iran in relation to Eurasia and also the southwest-
ward movement of the South Caspian Block (Jackson et 
al., 2002; Ritz et al., 2006). The North Tehran, Taleghan, 
Firouzkuh and Mosha faults in the north and the Ipak 
and Eshtehard faults in the southwest are the main faults 
of the area (Berberian, 1983; Ritz et al., 2006; Nazari and 
Ritz, 2008; Nazari et al., 2009; Solaymani Azad et al., 2011; 
Ritz et al., 2012; Nazari et al., 2014) (Figure 1b). 

Several historical earthquakes have been recorded in 
this area, the most notable is the one that destroyed al-

most 2000 villages in the area between Rey and Ivanki in 
300 BC and destroyed Rey city completely. The magni-
tude of the earthquake was estimated about MS = 7.6 and 
IO = X (Ambraseys and Melville, 1982). The earthquakes 
of February 23, 958 AD in Rey-Taleghan, December 24, 
1895 in Tehran, and May 1177 Rey-Qazvin occurred dur-
ing the movement of the North Tehran Fault (Barberian 
et al., 1985; Nazari et al., 2010). The Malard earthquake 
on December 20, 2017 (Mw = 5.2) (https://www.usgs.gov) 
occurred at a depth of 12.8 km and about 30 km south-
west of Tehran. 

In the study area, a wide variety of sedimentary and 
volcanic rocks and unconsolidated sedimentary depos-
its, most of which range in age from Upper Precambrian 
through Quaternary have outcropped (Figure 1b). The 
oldest rock unit is the Upper Precambrian and Cambrian 
sedimentary rocks mainly consisting of sandstone, shale 
and limestone, which outcropped in the north of the study 
area. The Mesozoic sequence that includes dolomite, 
limestone, sandstone, shale, and conglomerate is widely 
observed in the area (Figure 1b). The Cenozoic sequence 
consists of shale, green tuff and volcanic rocks that are 
exposed especially in the northeast and southwest of the 
area. One of the most important sequences of Cenozoic 
is the Eocene volcanic and volcanoclastic complex of the 
Karaj Formation, with more than 3000 m thick (Figure 
1b). The Plio-Quaternary deposits consist of conglom-
erate, sandstone, silt, sand, and clay (e.g., Rieben, 1955; 
Stöcklin, 1968; Alavi, 1996; Allen et al., 2003; Aghanabati, 
2004; Zanchi et al., 2006; Guest et al., 2006; Ballato et al., 
2008).

3. Data and methods
In this study, we used the 30-m ASTER global digital el-
evation model (GDEM) to extract the longitudinal river 
profiles in basins and finally, by examining the rivers 
steepness changes, the knickpoints in the area were iden-
tified.
3.1 River basin
Geomorphological analysis requires extraction of stream 
networks and river basins. To start the calculations, it is 
necessary to prepare the ASTER GDEM 30-m digital ele-
vation model in Arc GIS 10.5 environment with using Arc 
Hydro program. First, to extract the drainage network 
in the study area, sinks of DEM were filled and the flow 
direction was extracted using the adjusted DEM values. 
Flow accumulation was created based on the flow direc-
tion and finally, the threshold with which the streams are 
defined was for the study area (12,840 km2) based on the 
resolution of the DEM was determined. Morphometric 
parameters such as the number and order of stream were 
specified and according to the drainage flow density, riv-
ers and drainage basins were extracted. 
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Figure 1. (a) Location of the study area and adjacent plates (modified after Guest et al., 2007). (b) Geological map 
of the study area (modified after Geological Map of Iran, 1:250,000 sheets Tehran, Saveh, Amol and Qazvin-Rasht).
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The data verified with survey of topographical map 
(1:50,000) (published by National Geographical Organiza-
tion, Iran) and the average planimetric error of the DEM, 
less than 20 m, and the vertical accuracy of DEM about 20 
m was determined. The study area was divided into 23 sub-
basins and their streams were drawn (Figure 2a).
 3.2. The stream gradient (Gd)
The knickzone is a high-gradient part of the longitudi-
nal profile of the river that is steeper than other parts. The 
knickpoint associated with a knickzone is located at the dis-
tinct inflection point between a knickzone and an upstream, 
lower gradient reach (Crosby and Whipple, 2006; Wobus et 
al., 2006). Most of the knickpoint are created in bedrock 
rivers. The analysis of knickpoint follows the methods de-
scribed by Hayakawa and Oguchi (2006). At first, the stream 
gradient, Gd (m/m), is calculated at each point with a mea-
surement length of d (m): 

Gd = (e1–e2)/d, 
where d is the horizontal distance (m) which was used to 

calculation of gradient (m), and e1 and e2 are the riverbed 

elevations (m) at d/2 upstream and downstream of the mea-
surement point, respectively (Hayakawa and Oguchi, 2006) 
that derived from the GDEM2 in GIS. According to the 
digital elevation model, which is 30 m, first the rivers were 
divided into points with a distance of 50 m, then the height 
of the points was obtained by using the GDEM2.

The measurement of Gd value is designed by MATLAB 
code at different points of the streamline. The length and 
height of points in strike a streamline, which is a vector file, 
is directly read by the MATLAB code.

Gd changes as a function of d, when d is small represents 
a local feature of river gradient, but it is a trend feature when 
d is large (Hayakawa and Oguchi, 2009), Gd also depends 
on the lithology of bedrock. In the region, the Gd index was 
calculated for each point for different values of d in all the 
rivers. The different values of Gd at each point for different 
d show that the Gd index is very variable for short distances 
(d < 1200 m) and shows a local river gradient and has little 
change in long distances (d < 1200) which is consistent with 
the results of previous studies (Figure 2b) (Hayakawa and 

Figure 2. (a) Digital elevation model (DEM) (http://www.gdem.aster.ersdac.or.jp) showing drainages of 23 
sub-basins (Earthquakes data of the study area from www.irsc.ut.ac.ir). (b) The statistical values of Gd (d = 
100–1200 m) in the study area.



ALAEI et al. / Turkish J Earth Sci

636

Oguchi, 2006, 2009). There are two types of the local gradi-
ent and the trend gradient for the river. In this study, the 
border between the local and gradient was considered to 
be 1200 m. Calculations show the decrease of Gd with the 
increase of d for d < 1200 m in the local gradient, as well 
as the maximum values and standard deviation decrease 
with the increase of d, and the minimum values of Gd are 
negative in short distances, which are related to local DEM 
errors. The values of the Gd indicate the changes in the 
gradient of the river, which are high in local distances, and 
decrease with the increase of the distance, and the curve 
becomes a longitudinal profile of the river (Hayakawa and 
Oguchi, 2006, 2009).  

The knickpoint may also develop as an unbalanced 
steepening in response to a relative fall in base level. Such 
transient state in bedrock rivers are commonly triggered 
by sea-level fall and surface uplift, these steepenings are 
interpreted as knickpoints and this is confirmed by loga-
rithm gradient-distance plots (Bishop et al., 2005). In or-
der to investigate the knickpoints created by tectonic activ-
ity, we prepared a natural logarithm gradient and elevation 
diagrams (Figure 3a) using the Gd value.

The relative slope of the riverbed can be presented by 
Rd, which shows the rate of gradient change with increas-
ing d (Hayakawa and Oguchi, 2006). The quantitative value 
of transition for each measurement point is derived from 
a regression line fitted to the relation between Gd and d. 

After the Gd calculation for each sampling point 
with varying d, the quantitative value of transition from 
a regression line is fitted to Gd-d relation. The regression 
equation for the relationship between Gd and d is:

Gd = ad + b,
where a and b are coefficients of the linear regression. 

Rd, the rate of gradient change with increasing d and an 
indicator of relative steepness, is the negative slope of re-
gression line:

Rd = –a. 
The curve of Rd along the river shows fluctuations, in 

which relatively steep segments correspond to large values 
of Rd. Here, Gd with a d range of 200–1200 m is considered 
for calculating the Rd value for all the streams. Consider-
ing that the threshold value of Rd was determined equal to 
5.7 × 10-6; therefore, the river sections with Rd greater than 
this value were determined as knickpoints (Hayakawa and 
Oguchi, 2006). According to the values of Gd measured 
in the previous step, the values of Rd were measured us-
ing the defined MATLAB code. The final output was the 
diagram of Rd along the river with the threshold value 
of the relative steepness. Further, to reduce the ambigu-
ity, minimum height to identify knickzones was set as 20 
m. Hence, the margin of error in identifying the ambigu-
ous knickzones was narrowed even if they have Rd values 
larger than 5.7 × 10-6 m–1.

3.3. Channel steepness index (ksn)
Channel steepness index (ksn) is one of the characteristics 
of rivers that can be extracted from digital elevation mod-
els (DEMs) using the codes defined in MATLAB. Accord-
ing to Flint’s law (Flint, 1974), the river profile is depicted 
in steady state as follows: 

S = kS A
–θ, 

where S is local channel slope, A is contributing drainage 
area, kS is channel-steepness index, and θ is the concavity 
index (e.g., Flint, 1974; Whipple and Tucker, 1999; Sny-
der et al., 2000; Kirby et al., 2003). Because of the strong 
relationship between channel concavity θ and the steep-
ness index kS, any variation or uncertainty in determined 
θ can lead to large kS variations. In order to compare the 
streams of different basins precisely, kS value is normalized 
to a reference concavity (θref = 0.45) (Kirby and Whipple, 
2001). Assuming a reference concavity θref, the normalized 
channel steepness ksn becomes:

S = ksn A
–θref.

We obtained from the slope area regression of all studied 
rivers an average regional convexity θref = 0.47. This average 
value is similar to the θref = 0.45, which has been consid-
ered as an equilibrium value in similar geomorphological 
studies (e.g., Snyder et al., 2000; Wobus et al., 2006; DiBi-
ase et al., 2010; Yildirim et al., 2011; Kirby and Whipple, 
2012; Haghipour and Burg, 2014; Martins et al., 2017; Ba-
baei et al., 2020). Therefore, we used θref = 0.45 to measure 
the normalized ksn. To identify the knickpoints that have 
formed in connection with the region faults, the ksn distri-
bution diagram was obtained for all the rivers. In the parts 
where the rivers are affected by the faults, the value of this 
index is high, which is consistent with the field evidence. 
The parts of the rivers that are affected by faults and have 
high ksn values were identified as Tksn (Figure 3b).

As shown in Figure 3b, to identify the TFKs, the ksn 
distribution plots were fitted with the longitudinal pro-
file of the rivers, which shows the correspondence of all 
the knickpoints. knickpoints that corresponded to Tksn 
were identified as TFKs and lithological knickpoints were 
spared. The smooth profile and logarithm slope area dia-
gram was obtained to evaluate the TFKs that convex-up 
shape in the longitudinal profile, breaks in logarithm 
slope-area diagram with the increase of ksn value below 
knickpoints on the slope area plots were consistent with 
the location of TFKs (Figure 3c).

By plotting the slope-distance of the natural logarithm 
and the distance of the height-distance of the natural loga-
rithm, it was determined that the slope changes at the 
place of the TFKs (Figure 3a). The transversal passage of 
the river through various lithology with different strength 
level of the rocks causes the formation of knickpoints 
(Stock and Montgomery, 1999).  In addition to tectonic 
and lithological factors, factors such as dam construction 
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Figure 3. Evidence of identified TFKs from the river basin 1: (a) the diagrams of natural logarithm gradient-distance and 
natural logarithm elevation-distance, (b) the longitudinal profile, Rd, ksn, and Tksn diagrams, and (c) the smooth profile and 
logarithm slope-area diagram.

(b)

(m)
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can cause knickpoints. In this study, several knickpoints 
were identified at the outlet of the dams, which were ig-
nored. Figure 4 shows the relationships between different 
factors in the formation of knickpoints, the frequency of 
knickpoints computed for each class of elevation (height of 
knickpoints), distance from the riverhead, altitude, stream 
gradient, and lithology was also considered in all these 
diagrams. These diagrams indicate that knickpoints are 
more number in steep upper reaches.

4. Results
The analysis of streams identified 332 knickpoints by using 
stream gradient in study area. A summary of the overall 
statistical values of knickpoints is shown in Table 1. 

The mean height is 49.3 m, the mean length is 306.1 
m, and the mean relative steepness is 3.6 × 10–5 m-1. The 
knickpoint properties for all 23 drainage basins display that 
knickpoint generation is related to lithology and tectonic 
activity. The rock resistance level is classified according to 
the rock types shown in Figure 1 and field observations: 
very low (alluvial deposits), low (older alluvial fan deposit, 
weakly cemented Conglomerates), moderate (shale, phyl-
lite, schist, marl, gypsum, and tuff), high (sandstone, do-
lomite, limestone, and hard conglomerate) and very high 
(volcanic and plutonic rocks). 

According to longitudinal river profiles, the knick-
points are more number between elevations 1300 and 2500 
m (Figure 4a), knickpoints underlain by with high and 
moderate strength rocks are more number at height >50 
m (Figure 4a), more number of the knickpoints underlain 
by moderate strength rocks are located more than 20 km 
from the riverhead location and knickpoints underlain by 
low strength rocks have a stream gradient <0.1 mm–1 (Fig-
ure 4a). These anomalies offer that the rivers have been af-
fected by tectonic activity.

Figure 4b shows that small knickpoints can be created 
in any part of the rivers, whereas large knickpoints, >100 
m in height or >500 m in length, are observable in upper 
reaches with >1500 m altitude, <8 km upstream distance. 
However, the knickpoints that have high height, length 
and steep are usually formed near the river head and also 
the knickpoints gradient and relative steepness (Rd) de-
crease with increasing distance upstream.

The mean of knickpoints characteristics according to 
the lithology strength related to the area where knickpoint 
is formed are summarized in Table 2. The average height, 
length, gradient and relative steepness of the knickpoints 
for hard and medium lithology strength are all larger than 
those for the other strength types.

The lithology formed knickpoints (LFKs) created 
in the area are shown in Figure 5. These knickpoints are 
created due to the various resistivity values of rock units 
against river cutting. The mean length of LFKs is 327.3 m, 

the mean height is 52.14 m, the mean relative steepness is 
3.95 × 10–5 m–1. The large LFKs are located at the boundar-
ies of high strength and moderate to very low resistance 
(Figure 5). 

The effects of the rock strength on the frequency of 
knickpoints (Figure 4a) suggest that TFKs underlain by 
moderate and low strength rocks and are located more 
than 20 km from the riverhead location in the study area, 
and most of the height and steep knickpoints are underlain 
by high and moderate strength rocks (Figure 4a). 

In this paper, by analyzing the diagrams obtained from 
the results of stream gradient and river profile and match-
ing them together, the normalized channel steepness index 
(ksn) and Gd index for all rivers in the area were calculated 
(Figure 3), and the position of the TFKs were identified. 
The positions of the TFKs correspond with the study area 
faults and they are mainly have formed in high relief areas 
and in specific elevation changes, which the uplift rate can 
be related to the recent tectonic activity. More than 170 
TFKs were extracted in the study area, which are shown 
in Figure 5 on the resistance of rock unit’s map. The height 
and length of TFKs were examined and the changes in the 
length and height of TFKs related to the five main faults of 
the area were displayed on the graph (Figure 6). 

The number of TFKs created in connection with Mo-
sha Fault is more than other faults. The height of TFKs is 
20–559 m and the length of TFKs is 0.1–1.6 km on the 
Mosha Fault. TFKs show more height changes than the 
changes in length, can be known as high-altitude kind. The 
lowest changes in the height and length of the TFKs are 
related to the Ipak fault, which is 26–29 km in height and 
0.21–0.28 km in length (Figure 6). 

The location of TFKs in strike some of the faults were 
confirmed from the high-resolution satellite images of 
Google Earth and field studies (Figure 7).

5. Discussion
There is a significant relationship between the distribu-
tion of TFKs, rock units uplift and the location of faults in 
the study area (Figure 5). Oblique shortening movements 
across the Alborz Belt in response to the Arabia-Eurasia 
collision since 12 Ma has occurred and the Alborz Moun-
tains along its faults were uplifted (e.g., Allen et al., 2003; 
Ritz et al., 2006; Guest et al., 2006). The measured shorten-
ing rate in the south Alborz Belt is about 3 mm/year (Ver-
nant et al., 2004; Djamour et al., 2010). Since most of the 
major faults in the Central Alborz Belt have reverse kine-
matics (e.g., Allen et al., 2003; Guest et al., 2006; Yassaghi 
and Madanipour, 2008), the activity of these faults is an 
effective factor in the formation of knickpoints (Hayakawa 
and Oguchi, 2006). Also, during tectonic activity some 
knickpoints can be created near the mountain foot (Re-
neau, 2000). Therefore, the creation of knickpoints along 
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Figure 4. (a) Knickpoint frequency for each rock strength level against altitude, height of knickpoint, 
distance from riverhead and stream gradient. (b) Relationships between parameters of knickpoints 
(height, length, gradient and relative steepness (Rd)) and distance from riverhead.

(m)
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faults and in the longitudinal profile of rivers can be con-
sidered as evidence for identifying new tectonic activities 
in each region. In this study, the vertical movements (up-
lift or subsidence) of the Central Alborz Belt obtained by 
quantitative investigation of TFKs on the study area faults 
are comparable with the results of previous studies carried 

out using GPS (Vernant et al., 2004; Djamour et al., 2010). 
The analysis of exact leveling data in Central Alborz Belt 
and study on the vertical movement from the north to the 
south shows the greater uplift in the southern flank (study 
area) (10.4 ± 0.9 mm) than its northern flank (6.3 ± 0.9 
mm), in the same times (Saberi et al., 2017). It indicates 

Table 1. General knickpoints statistics.

Rd (×10–5) Height (m) Length (m) Stream gradient (mm–)
Maximum 21.20 254 927 0.30
Minimum 0.66 20 123 0.02
Mean 3.63 49 306 0.11
Standard deviation 2.72 37 136 0.06

Table 2. Mean values of knickpoints form parameters for each rock strength type.

Rock strength Height (m) Length (m) Gradient (mm–1) Rd (×10–5)

High 61 348 0.13 3.68

Moderate 53 314 0.11 3.74

Very high 40 278 0.10 3.54

Low 29 272 0.04 3.3

Figure 5. The distributions of TFKs and LFKs in in the study area.
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a young deformation development in the Central Alborz 
Belt toward its southern hillside (Saberi et al., 2017). The 
occurrence of several historical and instrumental earth-
quakes on the main faults of the area such as the north 
Tehran, Mosha, Taleghan, Ipak and Eshtehard faults and 
other recent activity evidences like morphotectonics data 
and paleoseismological analysis (Nazari, 2006; Nazari and 
Ritz, 2008; Nazari et al., 2009; Ritz et al., 2012) show the 
importance of identifying TFKs to investigate the recent 
tectonic activities. The location of the extracted TFKs, 
their frequency and connection with the faults indicate the 
active parts of the fault, the rise and change of the slope of 
the rivers (Figure 5).

The channel steepness index (ksn) of the channel in-
creases uniformly with the increase of rock uplift relative 
to base level or erosion rate (DiBiase et al., 2010; Duvall 
et al., 2004; Kirby and Whipple, 2001; Kirby et al., 2003). 
The parts of the river that are located on the segments the 
North Tehran, Mosha, Taleghan, Ipak and Eshtehard faults 
show high amounts of ksn; therefore, the identified TFKs 
were determined based on the Tksn overlap on the knick-
points location that extracted using Gd. The knickpoints 
on active faults that have the high values of kSn (Tksn) can 
represent TFKs in the area. In this study were used natural 
logarithm gradient-distance, natural logarithm elevation-
distance, smooth profile and logarithmic slope-area dia-

Figure 6. The general parameters of TFKs for the main faults of the study 
area: (a) height and (b) length. Grey circles indicate the average and black 
lines show the standard deviation.
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Figure 7. The examples of TFKs of Google Earth images (a–c), and field observations (d–g).

m

m m
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gram for more detailed examination of the anomalously 
steep segments of the streams are mainly found in strike 
tectonic lineaments (Figure 3). The natural logarithm 
elevation-distance diagram and the natural logarithm 
gradient-distance diagram indicate elevation changes and 
irregular outliers at the location of active faults creating 
TFKs (Figure 3a). 

The results obtained from the examination of different 
charts in all subbasins of the studied area indicated that 
the fault segments are aligned with anomalies, where TFKs 
are located. Changes in gradient, length and height of TFK 
in different faults were investigated. In most of the rivers 
that are located on the North Tehran, Mosha and Taleghan 
faults in the north and the Eshtehard and Ipak faults in the 
south and southwest of the area, the TFKs were extract-
ed on the fault segments (Figure 5). The characteristics 
(height, length) of the TFKs on the main faults are shown 
on the diagram in Figure 6.

Figure 8a shows the longitudinal profile of the river 
and ksn values in basin 6 on the Mosha Fault which is of 
special importance for study due to strong historical seis-
micity and obvious morphotectonic evidence (Ritz et al., 
2006). The changes of ksn values are consistent with the 
knickpoints, which indicate TFKs related to these faults. 
TFKs associated with Mosha Fault has the largest length 
and height, which is also consistent with the increase in 
Rd values (Figure 8a) and gradient changes (Figure 8b), on 
the river longitudinal profile and logarithm slope-area dia-
gram (Figure 8c), the slope-break knickpoints are well ob-
served that confirms large TFKs on the Mosha Fault (Fig-
ure 8c). Large TFKs are located in the west segment of the 
Mosha Fault, and the assessment of the uplift rate for the 
major faults in Central Alborz also indicates an increase 
in vertical uplift in the western part of the main faults in 
Central Alborz, such as Mosha Fault (Saberi et al., 2017). 
The rate of uplift in the hanging wall of the Mosha Fault 
is 0.921 ± 0.283 mm/year in the west and 0.508 ± 0.228 
mm/year in the east (Saberi et al., 2017), and existence of 
the extracted TFKs in segments of the western and eastern 
of Mosha Fault is completely consistent with these uplifts 
(Figure 5). Our suggestion is that the formation of these 
TFKs and their matching with fault segments indicate re-
cent tectonic activities in the area.

The slope-break knickpoints in the river longitudi-
nal profile (Figure 9c) and the disordered outliers on the 
gradient-distance diagrams (Figure 9b) at the location of 
TFKs related to the North Tehran Fault suggest that these 
TFKs directly related to the North Tehran Fault, which is 
one of the active faults in the study area (Ritz et al., 2006; 
Ritz et al., 2012) and has caused some TFKs (Figure 9a) in 
basin 12. The formation of the knickpoints on the North 
Tehran Fault with high values of ksn corresponds to the Rd 
values (Figure 9a).

The Taleghan Fault is a major active fault of the Cen-
tral Alborz that has left-lateral and normal components of 
movements (Nazari et al., 2009). With studies the morpho-
logical and paleoseismological data, the minimum vertical 
and horizontal slip rate along the Taleghan Fault has been 
estimated to be approximately 0.5 mm/year and 0.6–1.6 
mm/year, respectively (Nazari et al., 2009). The presence of 
several TFKs on the eastern part of the fault corresponds 
to its vertical movement component. The activity of the 
eastern segment of the Taleghan Fault in one of the rivers 
of basin 5 has created three TFKs. The TFKs in strike the 
Taleghan Fault have a length of 620–380–450 m. The loca-
tion of the peak of ksn and the values of Rd (Figure 10a) 
corresponds to the position of the slope-break in the river 
longitudinal profile (Figure 10c), also the disordered outli-
ers in gradient-distance plots and the elevation changes in 
the elevation-distance plots are compatible with the seg-
ments of this fault and indicate TFKs (Figure 10b). 

The Eshtehard and Ipak faults have reverse and left-lat-
eral components of movements (Ambraseys, 1963; Berbe-
rian, 1983; Berberian et al., 1993) and are main structures 
in the west and southwest of the study area. Due to the 
history of seismicity in this part of the study area, the most 
important of which is the 1962 Buin Zahra earthquake 
(Ms 7.2) (Ambraseys, 1963), it is necessary to investigate 
the knickpoints related to the faults and try to recognize 
the active segments of the faults. The position of the TFKs 
created on these faults corresponds with the increase of ksn 
values (Figures 11a and 12a) and indicates the active seg-
ments of them. The longitudinal profile of river, logarithm 
slope-area diagram (Figures 11c and 12c) and the disor-
dered outliers at the location of TFKs on the gradient-
distance diagrams (Figures 11b and 12b) confirmed the 
connection of these TFKs with Eshtehard and Ipak faults. 

6. Conclusion
To investigate the response of gradients changes in the lon-
gitudinal profile of the rivers to the deformations resulting 
from the recent tectonic activities, using the normalized 
channel steepness index (ksn) and Gd index, the tectoni-
cally formed knickpoints (TFKs) in the south of Central 
Alborz area were identified and confirmed by field obser-
vations.

The results showed that the area has more than 300 
knickpoints, which are scattered in the area and are mainly 
located along the active segments of faults in the south of 
Central Alborz Belt. Examining the results of longitudinal 
profile, logarithm slope-area plots, and natural logarithm 
gradient-distance plots confirms the correspondence 
of the TFKs position with the active fault segments and 
shows their tectonic origin. 

The characteristics of the extracted TFKs for the main 
faults of the study area confirmed that the TFKs show 
more height changes than the changes in length in the Mo-
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Figure 8. The position of TFKs created by the Mosha Fault (This is the main river of subbasin 6.): (a) the longitudinal profile, 
Rd, ksn, and T ksn diagrams, (b) the diagrams of natural logarithm gradient-distance and natural logarithm elevation-distance, 
and (c) the smooth profile and logarithm slope-area diagram.
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Figure 9. The position of TFK created by the North Tehran Fault (This is the main river of subbasin 12.): (a) the longitudinal 
profile, Rd, ksn, and Tksn diagrams, (b) the diagrams of natural logarithm gradient-distance and natural logarithm elevation-
distance, and (c) the smooth profile on the raw profile and logarithm slope-area diagram.
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Figure 10. The position of TFK created by the Taleghan Fault (This is the main river of subbasin 5.): (a) the longitudinal 
profile, Rd, ksn, and Tksn diagrams, (b) the diagrams of natural logarithm gradient-distance and natural logarithm elevation-
distance, and (c) the smooth profile on the raw profile and logarithm slope-area diagram.
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Figure 11. The position of TFK created by the Eshtehard Fault (This is the main river of subbasin 16.): (a) the longitudinal 
profile, Rd, ksn, and Tksn diagrams, (b) the diagrams of natural logarithm gradient-distance and natural logarithm elevation-
distance, and (c) the smooth profile on the raw profile and logarithm slope-area diagram.
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Figure 12. The position of TFK created by the Ipak Fault (This is the main river of subbasin 15.): (a) the longitudinal profile, Rd, 
ksn, and Tksn diagrams, (b) the diagrams of natural logarithm gradient-distance and natural logarithm elevation-distance, and (c) 
the smooth profile on the raw profile and logarithm slope-area diagram.
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sha and North Tehran faults; therefore, they can be known 
as high-altitude ones. And the TFKs along the Taleghan 
and Eshtehard faults show more changes in the length of 
knickpoints and can be regarded as long-distance TFKs. 
TFKs related to Ipak Fault have the smallest length and 
height. 

The obtained results in this research showed that the 
identification of knickpoints in the south of the Central 
Alborz Belt can be used to investigate recent tectonic ac-
tivities and seismic hazards in the future.
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