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Longitudinal river profiles are among the most widely used approaches for
analyzing short-term landscape responses. Compared to conventional
longitudinal profiles, normalized longitudinal profiles provide enhanced
interpretability and more effectively highlight slope breaks. This study
investigates the geomorphic response patterns of streams within selected basins
located in the Makran Accretionary Prism, using DEM derived normalized
longitudinal profiles generated by the NProfiler plugin. A total of 37 streams,
including five main channels and 32 tributaries, were selected and analyzed. The
results indicate that all main channels and most tributaries exhibit concave

Keywords:

Normalized
River Profile

Longitudinal

Drainage network analysis
Concavity Index (CT)
Transient landscape
Active Tectonics

Tectonic Geomorphology

longitudinal profiles, as reflected by positive concavity parameter (CT) values.
The CT values for the main channels range from 29.89% to 52.47%, whereas
those for the tributaries vary between 1.38% and 64.39%. Among the main
channels, the maximum and minimum CT values correspond to the Kahir and
Jagin rivers, respectively, while among the tributaries they are associated with B6
and J1. The most linear and most convex longitudinal profiles in the study area
are observed in the J1 (CT = 1.38%) and B7 (CT = —11.36%) channels,
respectively. The dominance of concave profiles suggests an erosion-dominated
landscape in a state of relative dynamic equilibrium. Only two profiles display
negative concavity values, indicating a tendency toward convexity. These convex
profiles are primarily associated with small sub-basins, headwater reaches, and
intensely faulted zones in the northern Makran highlands within the Bahukalat
and Jagin basins, reflecting a transient landscape state likely linked to localized
tectonic uplift.
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Introduction

Early morphometric methods from the 1980s (Pérez-Pefia et al., 2017) presented computational
challenges for large-scale analyses, limiting investigations to localized areas with restricted datasets (e.g.,
Mackin, 1948; Hack, 1957; Seeber & Gornitz, 1983; Merrits & Vincent, 1989). However, in recent times,
there have been significant advances in the scientific discussion over the suitability and meaning of some
of these topographic parameters (Keller & Pinter, 2012; Wobus et al., 2006a; Goldrick & Bishop, 2007;
Pérez-Pefia, Azafibn & Azor, 2009a; Kirby & Whipple, 2012; Royden & Taylor Perron, 2013). The
advancement of ArcGIS software and the widespread availability of digital elevation models (DEMs)
with varying spatial resolutions have significantly transformed and evolved spatial analysis
methodologies for geomorphic landscapes. As highlighted by several researchers (Kirby & Whipple,
2001; Grohmann et al., 2007; Zang et al., 2011; Pérez-Pefia et al., 2017), the aforementioned factors
facilitate the analysis of remote regions exhibiting significant geological and tectonic importance.
Consequently, they contribute to a more comprehensive understanding of the dynamic processes
operating within these areas.

The drainage pattern of rivers contains unique information about the past and present tectonic regime.
The longitudinal profile of ariver is sensitive to the ongoing process of uplift and can be used to recognize
active structures (Seeber & Gornitz, 1983). The extraction and analysis of longitudinal river profiles from
digital elevation models has become a prevalent methodology in contemporary tectonic geomorphology.
This approach facilitates the evaluation of drainage network dynamics to a range of environmental
controlling factors. In recent years, geoscientists have increasingly employed topographic and drainage
network analyses as effective tools within the field of tectonic geomorphology (e.g., Pérez-Pefia et al.,
2009a; 2009b; 2010; Kirby and Whipple, 2012; Giaconia et al., 2012; Royden and Taylor Perron, 2013;
Willet et al., 2014; Pérez-Pefia et al., 2017). Longitudinal profiles are a standard tool used by geoscientists
to analyze drainage network patterns. This is predicated on the understanding that, within a stable system,
erosion occurs in equilibrium with uplift (Seeber & Gornitz, 1983), and that rivers continuously adjust
their longitudinal profiles in response to the climatic, lithological, and tectonic characteristics of their
respective regions. Alterations in topographic and drainage network configurations can serve as indicators
of shifts in underlying controlling factors (e.g., Seeber & Gornitz, 1983; Rigon et al., 1996; Jackson et
al., 1996; Brookfield, 1998; Pérez-Pefia et al., 2009a, 2010; Kirby & Whipple, 2012; Giaconia et al.,
2012). In this context, the comparison of normalized longitudinal river profiles can elucidate variations
in river gradients, which are typically governed by the aforementioned factors. River gradients, which
govern the rate of erosion, are generally adjusted to correlate varying discharge rates with corresponding
erosion rates. Consequently, significant slope alterations in river profiles may suggest the presence of
active faults intersecting these rivers (Seeber & Gornitz, 1983). Longitudinal river profiles (Pérez-Pefia
et al., 2017) are now recognized as a highly effective method for analyzing the short-term responses of
geomorphic landscapes to recent active geological, lithological, and climate change processes. Therefore,
drainage network patterns can be utilized to infer the initial phases of landscape evolution and their
corresponding responses.

Material and Methods

This research aims to investigate and assess the geomorphic response patterns of rivers within select
basins Bahukalat, Kahir, Sedich, Gabrik and Jagin situated in the lIranian sector of the Makran
Accretionary Prism (MAP). The study will analyze these patterns in relation to environmental controlling
factors, employing normalized longitudinal river profile extraction (Pérez-Pefia et al., 2017) via the
NProfiler plugin, which utilizes DEM data. Furthermore, topographic and geological data were sourced
from topographic maps (scales of 1:250,000 and 1:50,000) and geological maps (scales of 1:100,000 and
1:250,000), respectively. The NProfiler plugin for ArcGIS offers researchers a streamlined and efficient
implementation. This plugin enables the extraction of key information from longitudinal profiles within
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the ArcGIS environment, significantly enhancing their subsequent analysis and interpretation (Pérez-Pefia
et al., 2017). The NProfiler Add-In facilitates the visualization of normalized longitudinal river profiles,
along with their associated morphometric indices, including normalized concavity (CT), maximum
concavity (Cmax), and length of maximum concavity (Lmax). This extension facilitates spatial analysis
of drainage networks within the ArcMap environment.

Results and Discussion

In this study, 37 streams were selected and evaluated, comprising 5 main and 32 secondary streams.
The longitudinal profiles exhibit notable characteristics. The data indicate that the main streams, along
with many secondary streams, display high CT values. This means that most of the normalized
longitudinal profiles have a concave shape. The results of this study underscore the significant influence
of multiple active faults exhibiting both normal and reverse mechanisms (including the Chah Khan, Ghasr
Ghand, and Bashagard Thrust) on the longitudinal profiles analyzed. As demonstrated by these profiles,
the impact of these faults is readily apparent in the development of knickpoints and alterations in the
longitudinal gradient of the rivers examined. The CT parameter variation for main streams ranges between
29.89% and 52.47%, while for secondary streams, it ranges from 1.38% to 64.39%. Furthermore, the
maximum and minimum CT values observed in the main streams were associated with Kahir and Jagin,
respectively. Among the secondary streams, the highest and lowest CT values were found in B6 and J1,
respectively. The J1 (CT = 1.38%) and B7 (CT = -11.36%) streams exhibit the most linear and most
convex longitudinal profiles within the region, respectively. The prevalence of concave profiles in the
examined streams suggests a state of relative dynamic equilibrium in their longitudinal profiles, indicative
of an eroded landscape. Moreover, the concavity value only becomes negative in two profiles, indicating
a tendency towards convexity in the curve.

Conclusion

Normalized longitudinal river profiles facilitate the comparison of gradient variations across different
rivers, potentially influenced by climatic, lithological, or tectonic factors. Normalized profiles offer
enhanced interpretability compared to traditional longitudinal profiles, effectively highlighting
knickpoints. The normalized longitudinal profiles of the main streams (Figure 8) and the majority of
secondary streams profiles (Figure 10) exhibit a pronounced degree of concavity. This characteristic
suggests a landscape subject to significant erosion. Specifically, concave normalized longitudinal profiles
are indicative of a state of relative equilibrium within the river systems. Furthermore, analysis of the
drawn profiles indicated that relatively linear, straight, and even convex profiles are associated with
streams situated in the headwater regions of the basins. Although these profiles are found in limited areas
in the region, they show the connection and influence of small sub-basins with low area with abundant
faults (especially main thrusts) in the region, as well as the lithological diversity of the Makran highlands.
This demonstrates that the streams in these areas (the upstream areas of Bahukalat and Jagin) are in a
transient state.
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Fig. 2. Location of the basins of the study area in the Makran accretionary prism (right to left: Bahukalat, Kahir,
Sedich, Gabrik, and Jagin).
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Fig. 3. Main and secondary streams identified for generating normalized longitudinal profiles in the basins of (a)
Bahookalat, (b) Kahir, and ©, from right to left: Sadich, Gabrik, and Jegin.
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Fig. 4. Sketch illustrating the 2D Normalized profile and associated parameters. A: Headwater, B: mouth, CT:
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Table 1- Some characteristics and quantitative information for normalized longitudinal profiles in the investigated
streams in the study area.
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Fig. 9. Examples of knickpoints formed along the studied streams. A) in the Kahir basin, and B) in the Sedich basin.
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Fig. 10. Normalized longitudinal profiles for secondary streams in the five basins studied (B: Bahukalat, K: Kahir,
S: Sedich, G: Gabrik, J: Jagin). See fig.3 for location information.



S yaso
e dilBogy ead oy (Job BF poud (595 ok

Y

& S Ak
el S o 555 o a8, (5SS (saalisg, ol,T Byt aalie ISl il oot Jloy s slatpar
NProfiler aisil (5,515 & b vaalin ol 55 8l Lo b 5 (oS salys 3 ol 58 sl 55516 b
oyl asg> T S e sloanl ol 251y slagSl Slulis § cwyp 4 AICGIS 10.8 s ;0 DEM slacols 5 e g

A2,y 0l i ptie gl ik Sl (S 5SS e S oS50l — Lo

58 o S8 bl 5 03l (6 k] ppand (i (Jsb slag e 40 S 0a b Jloy Job (slag e (S 5k o
SloaslT 6Ty ot Jly sl Loty 4od stallln (] )3 AL o AL s Sl gt Lol g, o oo
0230l 45 1y a5 (e 51 2Vl s sz o o)+ JS8) o8 sloaal T 5 0ud Jleys (slag e s 5 (AJSE) (Lol
e o b o Loy s (glag yass S0 oyl dy aimo g Lt |y el 4Bl Lo b g 039 b (6 jloiiz 2924
30 oo, alelas G&L»)‘),uc) Sl 351 s 1y e ailsog ) 7 ol 5o Jobs 5l gad Sl SO 092 Basas LS
ade b ol Geate 5 ol ()80 0l 2 oy jsb 4 a8 — i p b el (s35l55) 55 5 alse g o yolie b bLS|
ot e Wlodesy (g Gl g (65l 5l b 4 5k Slog e o 2S5 At Gl b g hos (2 T
Aoty 250 p8ly slanlpl 4 bgr e consme (> 5 eiians 5 (o Bnd slog pond 0l LS 00t s 3 slog pod
oy 15 st 5 L) Ul i il aibie 5 spiona b & diz o Lty 455 0l A2l s at_
S e Sl Sosslytd €35 3 5 4ilate (ol (slocnl 5 s5256) o oo J| sy ol b Sz
Sl 5 (e 5 gl sloddg> ensdVl 3blie) sblie ol o loanl ] a5 aias o olis gy el pls i e
e g ks 4] s odle AICGIS 53l 5 Luome ,o NPIOFlEr aigjil (6, 54 cima] 25 (bl bl o Astas )5S
g ol dre) )0 taivgad ool b aellS g g esles cdgya |y gl Jlizms slaas (e alog; Jsb slag e
92 5 2l St (ol S — Gy § Cloen) — (G5 oS J 7S Jelge 4y S Laailsog, (2iSTy slagSl s
5315 5 Gasgms s Ul casllla ol 3 saplonil g s (sl ot ol cisges UL S iyl 51 56 el jd s
5 oy sl a1, b, ont Lo Jsb (slags ot 053
&l ol

e Sl Gl 5 kS Spuge el iag et ol g 5 LS L oS S 4gls a3l s o 09 555
oriles (g5l iy

References
Alaei-Taleghani, M. (2007). Geomorphology of Iran. Tehran: Ghoomes Publishing. [In Persian]

Anton, L., De Vicente, G., Mufioz-Martin, A., & Stokes, M. (2014). Using river long profiles and geomorphic indices
to evaluate the geomorphological signature of continental scale drainage capture, Duero basin (NW
Iberia). Geomorphology, 206, 250-261. https://doi.org/10.1016/j.geomorph.2013.09.028

Azafon, J. M., Galve, J. P., Pérez-Pefia, J. V., Giaconia, F., Carvajal, R., Booth-Rea, G, ... & Roldan, F. J. (2015).
Relief and drainage evolution during the exhumation of the Sierra Nevada (SE Spain): Is denudation keeping
pace with uplift? Tectonophysics, 663, 19-32. https://doi.org/10.1016/j.tecto.2015.06.015

Barbero, E., Delavari, M., Dolati, A., Saccani, E., Marroni, M., Catanzariti, R., & Pandolfi, L. (2020a). The Ganj
Complex reinterpreted as a Late Cretaceous volcanic arc: Implications for the geodynamic evolution of the
North  Makran domain (southeast Iran). Journal of Asian Earth Sciences, 195, 104306.
https://doi.org/10.1016/j.jseaes.2020.104306


https://doi.org/10.1016/j.geomorph.2013.09.028
https://doi.org/10.1016/j.tecto.2015.06.015
https://doi.org/10.1016/j.jseaes.2020.104306

12 Vo0 5l o) 0ylods N0 ol o shummo &l pbolis 5 Ll yas 4y pid

Barbero, E., Delavari, M., Dolati, A., Vahedi, L., Langone, A., Marroni, M., ... & Saccani, E. (2020b). Early
Cretaceous Plume—Ridge Interaction Recorded in the Band-e-Zeyarat Ophiolite (North Makran, Iran): new
constraints from petrological, mineral chemistry, and geochronological data. Minerals, 10(12), 1100.
https://doi.org/10.3390/min10121100

Barbero, E., Di Rosa, M., Pandolfi, L., Delavari, M., Dolati, A., Zaccarini, F., ... & Marroni, M. (2023). Deformation
history and processes during accretion of seamounts in subduction zones: the example of the Durkan Complex
(Makran, SE Iran). Geoscience Frontiers, 14(2), 101522. https://doi.org/10.1016/j.gsf.2022.101522

Barbero, E., Pandolfi, L., Delavari, M., Dolati, A., Saccani, E., Catanzariti, R., ... & Marroni, M. (2021). The western
Durkan Complex (Makran Accretionary Prism, SE Iran): A Late Cretaceous tectonically disrupted seamounts
chain and its role in controlling deformation style. Geoscience Frontiers, 12(3), 101106-1.
https://doi.org/10.1016/j.gsf.2020.12.001

Barbero, E., Pandolfi, L., Delavari, M., Dolati, A., Saccani, E., Di Rosa, M., & Marroni, M. (2025). A review of
Mesozoic geodynamic evolution of the North Makran (SE Iran): A tale of a Neo-Tethyan ocean vanished due
to two coexisting subduction zones. Gondwana Research, 141, 74-101.
https://doi.org/10.1016/j.gr.2025.01.016

Bayer, R., Chery, J., Tatar, M., Vernant, P., Abbassi, M., Masson, F., ... & Bellier, O. (2006). Active deformation in
Zagros—Makran  transition zone inferred from GPS  measurements. Geophysical ~ Journal
International, 165(1), 373-381. https://doi.org/10.1111/j.1365-246X.2006.02879.x

Brookfield, M. E. (1998). The evolution of the great river systems of southern Asia during the Cenozoic India-Asia
collision: rivers draining southwards. Geomorphology, 22(3-4), 285-312. https://doi.org/10.1016/S0169-
555X(97)00082-2

Brookfield, M. E. (2008). Evolution of the great river systems of southern Asia during the Cenozoic India—Asia
collision: Rivers draining north from the Pamir syntaxis. Geomorphology, 100(3-4), 296-311.
https://doi.org/10.1016/j.geomorph.2008.01.003

Burbank, D. W., & Anderson, R. S. (2012). Tectonic geomorphology (2nd ed.). Chichester: Wiley-Blackwell.
https://onlinelibrary.wiley.com/doi/book/10.1002/9781444345063

Burg, J. P. (2018). Geology of the onshore Makran accretionary wedge: Synthesis and tectonic interpretation. Earth-
Science Reviews, 185, 1210-1231. https://doi.org/10.1016/j.earscirev.2018.09.011

Burg, J. P., Dolati, A., Bernoulli, D., & Smith, J. (2013). Structural style of the Makran tertiary accretionary complex
in SE Iran. In Lithosphere Dynamics and Sedimentary Basins: The Arabian Plate and Analogues, Frontiers in
Earth Sciences, Al Hosani, K., Roure, F., Ellison, R., Lokier, S., (Eds), Springer: Heidelberg, Germany, pp.
239-259. https://doi.org/10.1007/978-3-642-30609-9_12

Byrne, D. E., Sykes, L. R., & Davis, D. M. (1992). Great thrust earthquakes and aseismic slip along the plate boundary
of the Makran subduction zone.Journal of Geophysical Research: Solid Earth, 97(B1), 449-478.
https://doi.org/10.1029/91JB02165

Castillo, M., Bishop, P., & Jansen, J. D. (2013). Knickpoint retreat and transient bedrock channel morphology
triggered by base-level fall in small bedrock river catchments: The case of the Isle of Jura,
Scotland. Geomorphology, 180, 1-9. https://doi.org/10.1016/j.geomorph.2012.08.023

Demoulin, A. (1998). Testing the tectonic significance of some parameters of longitudinal river profiles: the case of
the Ardenne (Belgium, NW Europe). Geomorphology, 24(2-3), 189-208. https://doi.org/10.1016/S0169-
555X(98)00016-6

Dolati, A. (2010). Stratigraphy, structure, geology, and low-temperature thermochronology across the Makran
accretionary wedge in Iran. (Ph.D. Thesis), ETH Zurich. https://doi.org/10.3929/ethz-a-006226348

Dolati, A., & Burg, J. P. (2013). Preliminary fault analysis and paleostress evolution in the Makran Fold-and-Thrust
Belt in Iran. In Lithosphere dynamics and sedimentary basins: The Arabian Plate and analogues (pp. 261-
277). Berlin: Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-30609-9 13

Giaconia, F., Booth-Rea, G., Martinez-Martinez, J. M., Azafon, J. M., Pérez-Pefa, J. V., Pérez-Romero, J., &
Villegas, 1. (2012). Geomorphic evidence of active tectonics in the Sierra Alhamilla (eastern Betics, SE
Spain). Geomorphology, 145, 90-106. https://doi.org/10.1016/j.geomorph.2011.12.043


https://doi.org/10.3390/min10121100
https://doi.org/10.1016/j.gsf.2022.101522
https://doi.org/10.1016/j.gsf.2020.12.001
https://doi.org/10.1016/j.gr.2025.01.016
https://doi.org/10.1111/j.1365-246X.2006.02879.x
https://doi.org/10.1016/S0169-555X(97)00082-2
https://doi.org/10.1016/S0169-555X(97)00082-2
https://doi.org/10.1016/j.geomorph.2008.01.003
https://onlinelibrary.wiley.com/doi/book/10.1002/9781444345063
https://doi.org/10.1016/j.earscirev.2018.09.011
https://doi.org/10.1007/978-3-642-30609-9_12
https://doi.org/10.1029/91JB02165
https://doi.org/10.1016/j.geomorph.2012.08.023
https://doi.org/10.1016/S0169-555X(98)00016-6
https://doi.org/10.1016/S0169-555X(98)00016-6
https://doi.org/10.3929/ethz-a-006226348
https://doi.org/10.1007/978-3-642-30609-9_13
https://doi.org/10.1016/j.geomorph.2011.12.043

Sograse
e dilBogy ead oy (Job BF poud (595 ok

Goldrick, G., & Bishop, P. (2007). Regional analysis of bedrock stream long profiles: evaluation of Hack's SL form,
and formulation and assessment of an alternative (the DS form). Earth Surface Processes and
Landforms, 32(5), 649-671. https://doi.org/10.1002/esp.1413

Grohmann, C. H., Riccomini, C., & Alves, F. M. (2007). SRTM-based morphotectonic analysis of the Pogos de Caldas
Alkaline Massif, southeastern Brazil. Computers & Geosciences, 33(1), 10-19.
https://doi.org/10.1016/j.cageo.2006.05.002

Hack, J. T. (1957). Studies of longitudinal profiles in Virginia and Maryland (Vol. 294). Washington DC: US
Government Printing Office. https://doi.org/10.3133/pp294B

Irandoust, M. A., Priestley, K., & Sobouti, F. (2022). High-resolution lithospheric structure of the Zagros collision
zone and Iranian Plateau. Journal of Geophysical Research: Solid Earth, 127(11), €2022JB0250009.
https://doi.org/10.1029/2022)B025009

Jackson, J., Norris, R., & Youngson, J. (1996). The structural evolution of active fault and fold systems in central
Otago, New Zealand: evidence revealed by drainage patterns. Journal of Structural Geology, 18(2-3),217-234.
https://doi.org/10.1016/S0191-8141(96)80046-0

Keller, E. A., & Pinter, N. (2002). Active Tectonics Earthquake, Uplift, and Landscape (2™ Ed.). New Jersey: Prentice
Hall Publisher.

Kirby, E., & Whipple, K. (2001). Quantifying differential rock-uplift rates via stream profile analysis. Geology, 29(5),
415-418. https://doi.org/10.1130/0091-7613(2001)029%3C0415:QDRURV%3E2.0.CO;2

Kirby, E., & Whipple, K. X. (2012). Expression of active tectonics in erosional landscapes. Journal of Structural
Geology, 44, 54-75. https://doi.org/10.1016/j.jsg.2012.07.009

Kopp, C., Fruehn, J., Flueh, E. R., Reichert, C., Kukowski, N., Bialas, J., & Klaeschen, D. (2000). Structure of the
Makran subduction zone from wide-angle and reflection seismic data. Tectonophysics, 329(1-4), 171-191.
https://doi.org/10.1016/S0040-1951(00)00195-5

Mackin, J. H. (1948). Concept of the graded river. Geological Society of America Bulletin, 59(5), 463-512.
https://doi.org/10.1130/0016-7606(1948)59[463: COTGR]2.0.CO;2

Matos, B., Tomljenovi¢, B., & Trenc, N. (2014). Identification of tectonically active areas using DEM: a quantitative
morphometric analysis of Mt. Medvednica, NW Croatia. Geological Quarterly, 58(1), 51-70.
https://doi.org/10.7306/gq.1130

McCall, G. J. H., & Kidd, R. G. W. (1982). The Makran, Southeastern Iran: the anatomy of a convergent plate margin
active from Cretaceous to Present. Geological Society, London, Special Publications, 10(1), 387-397.
https://doi.org/10.1144/GSL.SP.1982.010.01.26

Mohammadi, A., Burg, J. P., Winkler, W., Ruh, J., & Von Quadt, A. (2016). Detrital zircon and provenance analysis
of Late Cretaceous—Miocene onshore Iranian Makran strata: Implications for the tectonic
setting. Bulletin, 128(9-10), 1481-1499. https://doi.org/10.1130/B31361.1

Molin, P., Pazzaglia, F. J., & Dramis, F. (2004). Geomorphic expression of active tectonics in a rapidly-deforming
forearc, Sila massif, Calabria, southern Italy. American Journal of Science, 304(7), 559-589.
https://doi.org/10.2475/ajs.304.7.559

Penney, C., Copley, A., & Oveisi, B. (2015). Subduction tractions and vertical axis rotations in the Zagros—Makran
transition zone, SE Iran: The 2013 May 11 M w 6.1 Minab earthquake. Geophysical Journal
International, 202(2), 1122-1136. https://doi.org/10.1093/gji/ggv202

Pérez-Pefia, J. V., Al-Awabdeh, M., Azafién, J. M., Galve, J. P., Booth-Rea, G., & Notti, D. (2017). SwathProfiler
and NProfiler: Two new ArcGIS Add-ins for the automatic extraction of swath and normalized river
profiles. Computers & Geosciences, 104, 135-150. https://doi.org/10.1016/j.cageo.2016.08.008

Pérez-Pefia, J. V., Azafidn, J. M., & Azor, A. (2009a). CalHypso: An ArcGIS extension to calculate hypsometric
curves and their statistical moments. Applications to drainage basin analysis in SE Spain. Computers &
Geosciences, 35(6), 1214-1223. https://doi.org/10.1016/j.cageo.2008.06.006

o



https://doi.org/10.1002/esp.1413
https://doi.org/10.1016/j.cageo.2006.05.002
https://doi.org/10.3133/pp294B
https://doi.org/10.1029/2022JB025009
https://doi.org/10.1016/S0191-8141(96)80046-0
https://doi.org/10.1130/0091-7613(2001)029%3C0415:QDRURV%3E2.0.CO;2
https://doi.org/10.1016/j.jsg.2012.07.009
https://doi.org/10.1016/S0040-1951(00)00195-5
https://doi.org/10.1130/0016-7606(1948)59%5b463:COTGR%5d2.0.CO;2
https://doi.org/10.7306/gq.1130
https://doi.org/10.1144/GSL.SP.1982.010.01.26
https://doi.org/10.1130/B31361.1
https://doi.org/10.2475/ajs.304.7.559
https://doi.org/10.1093/gji/ggv202
https://doi.org/10.1016/j.cageo.2016.08.008
https://doi.org/10.1016/j.cageo.2008.06.006

f5 Vo0 5l o) o,lods N0 ol o laummo &l pbolis g Ll yao a4y 2

Pérez-Pefia, J. V., Azafion, J. M., Azor, A., Delgado, J., & Gonzélez-Lodeiro, F. (2009b). Spatial analysis of stream
power using GIS: SLk anomaly maps. Earth Surface Processes and Landforms, 34(1), 16-25.
https://doi.org/10.1002/esp.1684

Pérez-Pefia, J. V., Azor, A., Azafidn, J. M., & Keller, E. A. (2010). Active tectonics in the Sierra Nevada (Betic
Cordillera, SE  Spain):  Insights  from  geomorphic  indexes and  drainage  pattern
analysis. Geomorphology, 119(1-2), 74-87. https://doi.org/10.1016/j.geomorph.2010.02.020

Priestley, K., Sobouti, F., Mokhtarzadeh, R. A., Irandoust, M., Ghods, R., Motaghi, K., & Ho, T. (2022). New
constraints for the on-shore Makran subduction zone crustal structure. Journal of Geophysical Research: Solid
Earth, 127(1), e2021JB022942. https://doi.org/10.1029/2021JB022942

Rigon, R., Rodriguez-Iturbe, 1., Maritan, A., Giacometti, A., Tarboton, D. G., & Rinaldo, A. (1996). On Hack's
law. Water Resources Research, 32(11), 3367-3374. https://doi.org/10.1029/96WR02397

Royden, L., & Taylor Perron, J. (2013). Solutions of the stream power equation and application to the evolution of
river longitudinal profiles. Journal of Geophysical Research: Earth Surface, 118(2), 497-518.
https://doi.org/10.1002/jgrf.20031

Ruszkiczay-Rudiger, Z., Fodor, L., Horvath, E., & Telbisz, T. (2009). Discrimination of fluvial, eolian and neotectonic
features in a low hilly landscape: A DEM-based morphotectonic analysis in the Central Pannonian Basin,
Hungary. Geomorphology, 104(3-4), 203-217. https://doi.org/10.1016/j.geomorph.2008.08.014

Scotti, V. N., Molin, P., Faccenna, C., Soligo, M., & Casas-Sainz, A. (2014). The influence of surface and tectonic
processes on landscape evolution of the Iberian Chain (Spain): Quantitative geomorphological analysis and
geochronology. Geomorphology, 206, 37-57. https://doi.org/10.1016/j.geomorph.2013.09.017

Seeber, L., & Gornitz, V. (1983). River profiles along the Himalayan arc as indicators of active
tectonics. Tectonophysics, 92(4), 335-367. https://doi.org/10.1016/0040-1951(83)90201-9

Stocklin, J. (1968). Structural history and tectonics of Iran: a review. AAPG Bulletin, 52(7), 1229-1258.
https://doi.org/10.1306/5D25C4A5-16C1-11D7-8645000102C1865D

Troiani, F., Galve, J. P., Piacentini, D., Della Seta, M., & Guerrero, J. (2014). Spatial analysis of stream length-gradient
(SL) index for detecting hillslope processes: a case of the Gallego River headwaters (Central Pyrenees,
Spain). Geomorphology, 214, 183-197. https://doi.org/10.1016/j.geomorph.2014.02.004

Whipple, K. X., & Tucker, G. E. (1999). Dynamics of the stream-power river incision model: Implications for height
limits of mountain ranges, landscape response timescales, and research needs. Journal of Geophysical
Research: Solid Earth, 104(B8), 17661-17674. https://doi.org/10.1029/1999JB900120

Willett, S. D., McCoy, S. W., Taylor Perron, J., Goren, L., & Chen, C. Y. (2014). Dynamic reorganization of river
basins. Science, 343(6175), 1248765. https://doi.org/10.1126/science.1248765

Wobus, C., Whipple, K. X., Kirby, E., Snyder, N., Johnson, J., Spyropolou, K., ... & Sheehan, D. (2006). Tectonics
from topography: Procedures, promise, and pitfalls. In: Tectonics, Climate and Landscape Evolution. Willett,
S.D., Hovius, N., Brandon, M.T., Fisher, D.M. (Eds.), Geology Society of America Special Papers, 55-74.
https://doi.org/10.1130/2006.2398(04)

Yamani, M. (1998). The Comparison of Change Direction of River on Deltas of East Makran Coastal Plain Surface.
Geographical Researches, 35, 34-56. [In Persian] https://journals.ut.ac.ir/article_17220 34.html

Zelenin, E., Bachmanov, D., Garipova, S., Trifonov, V., & Kozhu-rin, A. (2022). The Active Faults of Eurasia
Database (AFEAD): The Ontology and Design behind the Continental-Scale Dataset. Earth System Science
Data, 14(10), 4489-4503. https://doi.org/10.5194/essd-14-4489-2022

Zhang, H. P., Zhang, P. Z., Kirby, E., Yin, J. H., Liu, C. R., & Yu, G. H. (2011). Along-strike topographic variation
of the Longmen Shan and its significance for landscape evolution along the eastern Tibetan Plateau. Journal
of Asian Earth Sciences, 40(4), 855-864. https://doi.org/10.1016/].jseaes.2010.05.015


https://doi.org/10.1002/esp.1684
https://doi.org/10.1016/j.geomorph.2010.02.020
https://doi.org/10.1029/2021JB022942
https://doi.org/10.1029/96WR02397
https://doi.org/10.1002/jgrf.20031
https://doi.org/10.1016/j.geomorph.2008.08.014
https://doi.org/10.1016/j.geomorph.2013.09.017
https://doi.org/10.1016/0040-1951(83)90201-9
https://doi.org/10.1306/5D25C4A5-16C1-11D7-8645000102C1865D
https://doi.org/10.1016/j.geomorph.2014.02.004
https://doi.org/10.1029/1999JB900120
https://doi.org/10.1126/science.1248765
https://doi.org/10.1130/2006.2398(04)
https://journals.ut.ac.ir/article_17220_34.html
https://doi.org/10.5194/essd-14-4489-2022
https://doi.org/10.1016/j.jseaes.2010.05.015

