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The Sefidrood basin in northwestern Iran, situated within the seismically
active Alborz—Central Iran tectonic zone, exhibits complex
morphotectonic characteristics. This study integrates mathematical-
geometric patterns—particularly the Fibonacci sequence and golden
ratio—with advanced statistical methods, including gamma distribution,
chi-square, and Fisher’s exact test, to analyze the morphotectonic and
neotectonic behavior of the basin and its sub-basins. Topographic and
structural data were extracted from geological maps and satellite imagery,
processed in a GIS environment, and classified into five morphotectonic
activity classes using a Fibonacci-based quantitative framework. Results
show that 96% of the basin experiences weak to intense morphotectonic
activity, while only 4% is affected by neotectonic deformation, primarily
along the Qezelozan—Shahrood valley, a zone of active faulting. Gamma
distribution analysis confirms a state of dynamic equilibrium, with
skewness of 0.7171 and kurtosis of 0.782, indicating a stable, near-
symmetric tectonic regime. Chi-square testing reveals structural
independence among sub-basins, whereas Fisher analysis demonstrates
that all operate within a shared ergodic system. Together, these findings
suggest the presence of a negative cybernetic system with exponential
memory, progressively adjusting the basin toward base level (Caspian
Sea). This hybrid approach highlights how mathematical patterns and
statistical modeling can enhance the understanding of tectonic dynamics
in complex orogenic regions. The results provide valuable insights for
seismic hazard assessment, landscape evolution studies, and regional
planning in tectonically sensitive areas.
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EXTENDED ABSTRACT

Introduction

The Sefidrood Basin is one of the key sub-basins in northwestern Iran, characterized by complex tectonic
processes. Due to its significant geographical and tectonic position, identifying morphotectonic patterns
and determining its long-term equilibrium state are of high importance. In this study, advanced
mathematical-geometric Fibonacci patterns and statistical methods—including gamma distribution, chi-
square test, and Fisher analysis—were employed. This approach represents the first integrated application
of numerical structures in morphotectonic analyses within Iran, distinguishing it from previous studies.
Fibonacci sequences and the golden ratio (¢=1.618) have historically been used across various human and
natural sciences, including architecture, geology, biology, and systemic modeling. In the Sefidrood Basin,
these patterns were applied as quantitative tools for identifying potential zones of tectonic and neotectonic
activity, setting this research apart from earlier domestic studies that primarily relied on qualitative
assessments.

Material and Methods

This research adopted a hybrid methodological framework combining mathematical-statistical
techniques with geomorphological structures to analyze the morphotectonic and neotectonic status of the
Sefidrood Basin and its sub-basins. The methodology included several stages:

Data Collection

Essential data were gathered from multiple sources: Topographic maps (DEM), Field geological data,
and 350 geospatial and elevation points collected across the basin. These datasets were integrated using
ArcGIS software and spatial analysis tools to provide a comprehensive understanding of the area's tectonic
characteristics.

Granikagiri Classification Based on Fibonacci Ratios

In this stage, morphotectonic data were classified using the golden ratios of the Fibonacci sequence.
These ratios enabled the categorization of tectonic activity intensity into five levels: This classification
significantly improved the accuracy of spatial pattern recognition and identification of areas prone to
tectonic activity.

Use of Advanced Statistical Techniques

Given the non-normal nature of the dataset (right-skewed distribution), the use of standard normal-based
statistical methods would have introduced logical errors. Therefore, advanced non-normal approaches were
applied: 1- Gamma Distribution Analysis: Used as the foundation for probabilistic modeling and ergodic
structuring of long-term tectonic patterns. 2- Chi-Square Test: Conducted to assess the statistical
independence of sub-basins from the main basin. 3- Fisher’s F-Test: Applied to compare variances between
the Sefidrood sub-basin and others, revealing structural interdependence despite local independence.

Drawing Probability Density and Cumulative Distribution Curves (PDF & CDF)

Using the gamma distribution, probability density functions (PDFs) and cumulative distribution
functions (CDFs) were plotted. These visualizations helped illustrate tectonic patterns and allowed intuitive
interpretation of activity distribution.

Spatial Analysis Using GIS

Spatial data were analyzed using ArcGIS Pro, enabling the overlay of multiple thematic layers such as:
Fault lines, Tectonic indices, Fibonacci patterns, Gamma curves, and PDF/CDF distributions. This step
provided detailed insight into the spatial relationships among tectonic features.
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Comparative and Inductive Analyses

The data were analyzed through two complementary approaches: Inductive analysis of two selected sub-
basins in detail, and Comparative analysis of other sub-basins summarized in tables. This dual approach
enhanced understanding of both commonalities and differences in structural behavior among the sub-basins.

Moment Analysis and Statistical Inference

Statistical moments were calculated to characterize the distribution of tectonic activity: First Moment
(E(X)): Equivalent to the weighted average of tectonic activity. Second Moment (M2): Reflecting variance
and dispersion level. Skewness: Indicating asymmetry in the distribution. Kurtosis: Representing the
concentration of data. These analyses enabled accurate description of the statistical structure of the basin
and its sub-basins.

Results and Discussion

The findings of this study reveal that the Sefidrood Basin, despite its tectonic complexity, exhibits a
highly organized and coherent large-scale structure, identifiable through an integrated application of
mathematical-statistical analyses and Fibonacci-based patterning. The morphotectonic assessment of 350
field-based data points, classified using a five-tier framework based on Fibonacci ratios (0.236, 0.382, 0.5,
0.618, 0.764), demonstrates that 96% of the basin area falls within the range of weak to intense
morphotectonic activity, while only 4% is classified as neotectonically active. This spatial distribution
aligns closely with regional tectonic models involving compressional forces from the Arabia-Eurasia
convergence (Radfar et al., 2019), suggesting that the basin is currently in a phase of relative tectonic
guiescence.

This dynamic equilibrium can be interpreted through two key mechanisms: first, the basin appears to
operate under a negative feedback, memory-dependent exponential cybernetic system that drives it toward
long-term stability by dampening abrupt tectonic fluctuations. Second, the scattered and non-uniform
distribution of deformation indicates a heterogeneous and nonlinear tectonic regime, where strain is
accommodated locally rather than uniformly. These insights have significant implications for regional
planning, emphasizing that hazard management should be implemented in a spatially targeted rather than
basin-wide manner.

Furthermore, gamma distribution analysis, applied due to the right-skewed nature of the data (skewness

= 0.7171, kurtosis = 0.782), revealed a mean of 1.45, second moment of 0.27, and standard deviation of
0.519, all within acceptable bounds for a stable system. The absence of extreme fluctuations and the near-
normal distribution pattern confirm that the basin is in a state of dynamic equilibrium, with no signs of
imminent morphotectonic instability. This finding is consistent with Khosin & Wang (2022), who
emphasize the importance of non-normal probability functions in tectonic analysis.
Statistical evaluation of sub-basins using chi-square and Fisher’s exact tests yielded a critical insight:
although all sub-basins showed structural independence from the main basin (chi-square values ranging
from 6.2 to 53), they all fell within the 99% confidence interval, indicating a shared underlying pattern.
This paradox—Iocal independence within global coherence—suggests that each sub-basin operates within
a large-scale ergodic cybernetic framework governed by a common tectonic driver. This phenomenon,
previously underexplored in regional studies, resonates with Turner’s (1999) theory on the spatial geometry
of Fibonacci sequences in natural systems, highlighting how complex basins can exhibit both localized
autonomy and systemic unity.

GIS-based intensity maps further reveal that the highest concentration of morphotectonic activity is
located in the northern and central sectors of the basin, particularly along the Qezel Ozan—Shahroud valley
and the Manjil Gorge, coinciding with known active fault zones. These areas are identified as high-risk
zones for ongoing tectonic deformation. In contrast, the Rudshur sub-basin lies outside the 95% confidence
interval, indicating complete statistical independence from the Zanjanrood sub-basin.

Finally, validation results, with a confidence level of 90.85% and a two-tailed error margin below 8.9%,
confirm the high accuracy and reliability of the applied methodologies. This study not only advances the
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novel application of Fibonacci sequences and gamma distribution in morphotectonic analysis, but also
provides a new conceptual framework for understanding sub-basin dynamics within a unified tectonic
system. These findings can inform water resource management, urban planning, and natural hazard
mitigation, particularly landslide and flood risk assessment, in tectonically sensitive regions.

Conclusions

This study introduced an innovative approach to analyzing the tectonic and geomorphological dynamics
of the Sefidrood Basin by integrating Fibonacci mathematical patterns and gamma statistical models. Key
findings include:

The Sefidrood Basin operates under a dynamic equilibrium state, indicated by low skewness and
mesokurtic distribution. Only 4% of the basin shows neotectonic activity, mainly concentrated along the
Qezelozan—Shahroud corridor (Manjil Fault). Sub-basins are statistically independent, yet part of a larger
ergodic system, suggesting shared long-term tectonic control. Fibonacci ratios and gamma distributions
serve as powerful tools for hazard zone identification and structural tectonic modeling. These findings offer
a new theoretical framework for understanding tectonic evolution and can guide future research in similar
basins across Iran. Additionally, this study introduces multi-scale analysis, artificial intelligence, and spatial
modeling as promising methodologies for further investigations in seismically active regions.



=€ o« 9948 o los o§ s

b ,,h..uoul,bln,l.ﬂp

= u:{n/ﬂﬁb

DOI: 10.22067/GEOEH.2025.94085.1584

é‘)' (S w0

9 ZUgmd Aldo (Hadli 5,5 1y 0] 039yl ddg> (S giST 99590 Judoi
Jid 5 bl sbaeldl (o Lwlil )0 LS @599

" § 2 s oM

ISSN (Print):2322-1682

ISSN (Online):2383-3076

g5 dlio

Q‘)-}_‘ ‘oledj ‘OL?‘;} P CR K ‘@Lmﬂ ,95.Lc PR C @i K ‘Ldl)» 03;‘

R

Ao wledb|

ol 95 59 K55S Jlsb Blolie 51 (s e ol o Jlad 9 85 shs 25>
oolatwl b aslllas cpl .l 4295 BB B lorn) lo Sauzmn hls (655 0 ol !
Slobss oyad & oM e 5 (g Lo o358 o gminr 2L, (slagT
Cordy sy 4 et el 5 50 I (el LS mser Jels ad i o)L
loosls ool wizloyy ol sloady> s 5 ads> (ul (SeigiSisn 5 (SeigiSis 50
Judoss GIS 5l oslainl b g 2l sl glolgale polas g lwasss ) o, ksl g S5
i 4 osls (2 lisnd Gladans p (Hie (o5 w5zl S el s s
A% a5 ol Hlas bl w5 sananl  SogiSisd g0 collad al Gl il asls
Sz ki g o)l )18 ol U hrs SigiSisd 50 0090 ;0 ddg> mhaw jl as o
—0i9lJ 58 oy0 slael o baes aS oy j1 3 SogiSia codlad cod adg> 3l as)o
Seolizs Jobss (Ll8 sl Jdow 058 oo aseioe dyads (SeiSTgn Codlad b 0,0l
Jedz el ogdle .oso;.xﬁis(~/V/\Y);ws('/V\V\)ﬁﬁﬁo&bl) Ase>
Lol ot S (Si5iS558 50 slacallsd J15 jl loasyo 5 o8 ols ol 5 (15
et S e Kool e Sy s loadss ) ples o 0 iy 25 Lo
ol el (sTfs it (Sl i Ky 357y 5l (Sl Lol ol S e

Sl 53,5 a5 JUo 5 G35 (6)9) ol s G 1, 25 45

VE-FYIYE el o FBL

VEF Y 1,505 da,b

AR TRV RN A SYR P TR

. goudS Slols

el Cos
S gSSg8 g0

LB a9

E-mail: jafarihas@znu.ac.ir

Sz e 2535 g i "


https://orcid.org/0000-0002-8901-6855
mailto:jafarihas@znu.ac.ir
https://doi.org/10.22067/GEOEH.2025.94085.1584

&y
e ol g )i A9 (K9S 98 590 Sl

doddo

GloogSaid; 5 ol M (o Slodazy o538 50 (Il upl Gloadse> 5 n it 5 (Ko plsie 4 0g0he dSs>
Radfar, ) o ls ,1,8 Lyl g (5250 485 9,95 5 51 o8 (25,Lad (sloas 1,8 130 cod (Sealiyoghy L 5l g0l 18 (il 1
3,95 »» ol .(Chakdel, Nejati, Soleimani & Taati, 2019; Agard, Omrani, Jolivet & Mouthereau, 2005; Berberian, 1995
el o E10aS 5 bl oo 815 ol 0858 5055 i S (5525 UKD 4 e simeo b ey 405 |
Olaie 4 s & g 00h0 dbg> wiile (265 9,0 (29w, loASe> (el ol ,o (Berberian & King, 1981; Yin, 2010)
asly (Mohajjel & Fergusson, 2014; Yin & Harrison, 2000) oiuS s Joe ol @M JalSS asesey |1 51 o5, (sloaladl>
KIS 15 4z 5,50 5155 (SisiSisspe sloclled S el slaasls s o

Sz o, lmal b ool 65550 5 Jlad slogion ;0 ohigtr wg)duhes adg> (SigiSishyse abisy Jl> (nl b
s Lo | o polin (So5elsnd blod jlas licals 5 s o)l o fuzio wile (25 lS glaals .ol of jon
523 st Jolos bl 5 (5 35 45 Sl Jlor 15 el oS Sgtens | 35,00 39135 sloadgz 5 9 )55 5Ly O
S90Sl ab g s sasmolis sy cpl s Az g8 B bl mhaw 3 Ol b aS ead Joleiel slaieS o
&) led Slomadh ad; 5 olsz (SeigSipn lacallad 5l cos Ylaast 4 sanT el (L) 39551 & (a)
(Guest, Horton, Axen, Hassanzadeh & Mclntosh, 2007) el ssls

ol 5o VF 5 SLIF wile S b (S slagaslis s ssti (SigiSishsn ol w5z ool b
&8 5 Ol ol sl oed el oty (nl o 4z lge Cosgase b s Seaily (U3 (o 5 plate slasSl
logbs,y 45k gy ol 3l anled (sl (o |y e (Solis Jols b aiS JIAT ) Sy a5 bz o JuS
e yis a4 (65500 (60l e BB 5 Slaas ¢ oS

6ol S ol |y 5] St 5 S5 55 ol Ssl sty aF s B 5 (o oty 5l ey ol 5
Golel some 5 (Zlsd dlos wile Lol lasSl as” wilosls lis Sldllas 3l gla Jlo ;o aw) oo Sl 4 (59,0
Scholz, Dawers, Yu, Anders & ) ail Sie aolocme) o lizle [0 1513 claela Slolis ;o auly oo LS wils
g b Cudge do oS alold j0 0nigd ), slagsl daosls (g Lol g JUST S Jdo b i o8 o by, ol (Cowie, 1993
S ST (255 slease JS

Olye 4 Ll &35 9 (ZUseed Alis 508l 5l ((SigiSS98,90 (s slog) slausgaze &8 jolate 4y (Grdod (nl )
Al g (Bl aer 5o plaie slasSl olulis cBan .ol oads oolatuwl 09 0ubuw abg> Judow (gl Soloinws 9 (o5 )5
el Jlab (S35 (slatllad b T L3l 5 o555

wilides pole ;o Joad ooz (2loosusy (e 4 5L o 5OVPVAR0) (oMb S 5 (2 Ugeed Alds ofgas ¢ 5L 5 slagSl
(Kalman & Mena, 2003; Sharma, 2009) wilazd )3 1,8 a> g5 5 50 cwlibons) 5 12 «(55999,9095 ¢ owlidsyn alax 5l
Chrogs liSeS B Old 00 iSasS l calidee laulide ;o 1) oduzmn jlo sloylisle a5 jol8 g Sl b bl ()l
(S SlaaSed « S laiSle jo plae GlagSl plulid )5 oy 4y (cilidiipee) )3 (£2L; Laily) cnl sl eslanal oS
Khattab, Radwan, El-Anbaawy, ) 0¢d oo Ggmine dawgs Jl 10 g Oliz 0595 S5 slej ) slaoi] 3 s g o 55,95 ux
.Mansour & El-Tehiwy, 2023; Tiwari, Goswami & Bhakuni, 2021

Ol cgomans slad o olaloy olgie 4 ol slael (18,5 a5 s &b 5l (S lged lis 4 Cas cwrin sl
s> bgmd Allss (Turner & Shannon, 1998; Turner, 1999) cuwl oo ,5 wal,8 1) ol sla )bzl jo cwain slasSl ololis



§9.8 0 Lol o als ¢ dauxo Ol yblo g Ll a4y yls

0l b o LSl carogi Sl (lh B XY ) ) ) (LB alex 90 fgemme bl (gowm dlez 095 ool iy i L
(Marples & Williams, 2022) 5g8 o0 0830 (ormb sl ,LoLus g b g jluaiogs « JUST8 glagSl LSis jo el g 0o |,
ailosls oLz (Stepanov & Gomanyuk, 2023) S g.leg g gilaiwl 5 (Mehrnia, 2017) L e (92 (Sl « >l slo Lo o
CSEESS 0392 )3 Bl ge sloj ) sl dled o (KiuSh sla by le Ll (olulid )0 wlsi se (FUsed slagl a5
5o lgoe 5 35S e 53 eoliinl 8590 (cwlidiizes slrosls Jelov 5 iludae lr Ul Glae 4 (FUgd slatans
w2 Jaol aS sy ylid 5.5 (Doglioni, 1990) Sgu8 g0 caiil Jae (SuienST Ol s o ol o) slo )Lzl gy Sy
i ledoS lizres ST )0 (ateie Lo )5 Wiz e il L e (SHeSS sla( Sy Jolod )0 wiily o

Bl Gl iS5 Jlab 3okt 15 0325 - loirme (sl el 5 (o2 lipesd (slaerms 5l eliiul 5l sloass 3
Scholz & Aviles, 1986; Scholz etal., ) col azd, |1 s Codbge b (5 5 4l 0w (sl aile iblio ;0 0,5, (ol .l
(1993

o calisio psle 3 lonislis 3,015 T sl 13 oM S 5 2 ligesd s o3 o2l slosSl il o
Slewls () 5l eolawl 5 Sl sodl (g lease jo wlaidly ks Dl das Co poe g cwlid e o6 e (S 2,40l 2 (5 loo
s yde 53 39290 b SLwlis § cwiin Jgol dslllas ;0 Mo .ol oad sdmlive (Su )l sawie T ;0 08,58 & )jg0 &
Sl o8 ol lexs a5  wisls yLzi (Hashemi Zarjabad, Ziaieniya & Ghorbani, 2015) )l,Se 4 obl ) oile @S el
Solors slalad (b jo 1) s (nl g wlodgy )l0)93 5 (cwiin Sloww i 5 (Slwls Glapllss aree; )3 (res (il
sy 4 093 aalllas ;o (Ziaieniya & Hashemi Zarjabad, 2016) sblz ;5 cedile g Li olud Crizmen ilaid 5 )15 4y o954
elas gy g ol Slacl 4l 5 Ol glpl GLuls piugw a5 sl lis 5 2oy PB mol> s (5 loxe Ll
solail (Lol (63555 5 ()lss! 9iile) (5 lare me polic 10 (5 par Joles slml (sl s oMb s 5l )] HUS )0 5 sl g
Ayls 0g2g (Bolai e O jae 4 Slpl silexe Kin 8 0 wiin g so0e lagSl AT WS o dli p £o050 (pl Lol 00l
il ole slaoje plu )3 (Lo cngs slahy, Giupled] Wil o g

oSl cpl & Zlgmd g, 4 oyl e ey SIS oofl Slulior lgie cov ados o (Mehrnia, 2017) Lo e
(Mo YY) alS 5l gyt VIV a5 sloo J g mojes a5 olo ylis gl .cd )8 5 ol pl 0y sladl )y S Judos o,
@alllas cpl ol 438 13 Db ol g (42,0 VYV (leS) (Db opls (az 0 Y7 Ll agly) (oMb edie LB o
o5l LSS ol 55 a5y gn (o2l o, 45 ol 0t 5 8,8 anls 1, el it 5o 3ol oL ol 59
pl=l (Asadpour, 2018) 51, K> Yl £L cils 7)b 5 olad Lole SLik dlie jo a5 ol Jlos ausl 5. a3l
(ewdin 3509, (pl s (Vb (SlgFen (Dl (o) 5 (cwiir Sl (o)l lagl LS sl Lo oS sls plas
slals o b Glawls 5 awaie a5 wsls las oyl o ls 0 )18 505 b yolie giluci e g olad b o ’3/9,41
Bililan ) yod y91 00w 9 Gl 5 )lo Il S g )5 3blis 10 0hgar (psllae (31 (sLa3 sbml )3 oS 285 Sl (e
BB bl (Fu b by, jo oMb Olewls 5 gwais SlagSIl o) 0 4 595 axlllas yo « (& Hassanpour Lamr, 2019
GOlS s o > Ugad slael aluds 5 oMb alomy ( oMb g jle (JSul-pls e ¢ oMb Judains a5 wiols oyLii lagy]
oMb Slewls 51 ol Sl lase i aS sl )] wge andllas ol ailails Ly, ol cws mlio 5 5 lere (b 0
SlasSl jlosliiul 2iupledl Wlgs oo g9090 Gl g Wlod ST osliinl (g )leare 5 5 0 Slagsb (saled ;o S e Sbj Olsie &
Memarzadeh, Hosseinzadeh Lotfi, Jahanshahlu & ) o )es g ool; lase aily 55 Sl 9 orb pole j0 (go0e
€ Flgd dlos ST 5l eolatwl b Slis 25T sloolKins! (gamas p olgie b 543 anlllas ,o (Dehgan Toranposhti, 2022



&y
e ol g )i A9 (K9S 98 590 Sl

Gl i, b bgy ool dwslie b La\'j D85 5 4 ol e 00 adlaie o Sleas el Sb e (o5lwaigy jo 1) gl oyl
“\-"5"54 9 b)‘é kS'l"aj 9 6J)S.Lo$ LSLD)LAJ.A l.u LS’YL’ k5.|U4:J L5'>l.u9.o..3 u,uj) 45 ..\.’»alo QLA.MJ ‘O)L..’.Au\..? 6).50.».0..44 JB‘M
S oolaiwl (650 Dloas aigy b 5 olad sl Ldos o 6;5 Sl G Glareay

Syse Fhb s e laoje ;o e Glnl jo @M Cund s (Zlsnd Glagsl a5 col moly (358 mlie 4 4z i L
9 Sl @L.\.u‘ J.‘>|).A o )5"@ u.‘>l.wu...a) 9 6)5J33)5A9§) ‘U""Q) ‘BDJ.C 5o LD5§J‘ u.!‘ )l oolazw! sJL‘> U"‘ la AJ‘C\.J; )‘)3 oolazw!
S Jlad sblis 5| Sy g ydehos adg 1 535 p05 b Alie itz yy )] ) iogi gy Slelllas 5l g3gume Sl
23105 o0 (S loimns 1,585 e 5o Wl GRS g (S loime sl o (Zlsd Slasll sgzy (o) 42 el

axlllag 3 g0 il

Glapbiol 0 a5 cl Gl 0)8 5 0,8 Jlod adlaie )0 (Sl loojs> (n e § 1 3S 5 3l (S Sgyeies 2l 45>
03 S laan 5 5haijle (o) Gl 5l (SasS laion 5 olss S ol el o (b ol ydl 38 Gl (LS
ol 0 ls 5 B 01V FHIA° Ll an Jsb 5 e YA® b ¥O® LLilin Lose 1o oyl jobas adg> ol ol o
Ol 53 (515 laogSand, ;o dniar Loz sloogS 5l a8 Conl 09 00b albsg) (ol (L2 e ol (L8] 5 059>
B+ e p @b ads> JS Colus i )0 555 byo @ Cole 50« SYsb e (b 5l o 9 90T (o0 Atz s S
e Jsbo o)l ailate @ 8l g Ol 0ulas )5 age GRS 5 aSlige 99,05 5 ()35l 58 slaads Jolis a5 ool mye yaslS
bys @ (o> alas elis)fib o mhaws 5l e Yoo e Sl A dadair s gl )] ¢ aghS 7o e Loy 09 )00ban ail0g; (Lol
Olicwl (GYsb i g madle ol oaas lid A Gl do s A B D sgum b 2 e ol (52 Sko g e YA Lo, (5
S g Sasl 0313 i | 39 000 4dg> )3 (S sl el b (b S LLI | (10 (005 2525l 5k sl s Allia
JS8) cesl ools ailyl o9, snhes adg> al jo (RS g (5,3l SlagSl (i el L bl e o2k (oS S S0
QO



§9.8 0 Lol o als ¢ dauxo Ol yblo g Ll a4y yls

47°0'0"E 48°0'0"E 49°0'0"E 50°0'0"E 51°0'0"E
1 1 1 1 1
: N.

37°00"N
1
1
37°00"N

Z
> L')_U—Ll | |Kilomeler5| >
& 12525 50 75 100 >
2 E+
N=}
[ ] 553 stasimsa ) Subbasin Sefidrood - 24-38 «
&g Fault [ 139-50
® Ay lls Sample points :] 51-61
PUENEPT ST Fibonacci ratio 62-76
<VALUE> B 77 - 100
z 0-23
g . | Bl o500
=R Tt
n T T T T T
& 47°0'0"E 48°0'0"E 49°0'0"E 50°0'0"E 51°0'0"E
Wged bl 5 o] sloadga ol jod 4y 39,0000 Ad9> Condge —) S50
Fig. 1. Location of the Sefidrood basin, along with its sub-basins and sample points
g, g dlg0

35505y St gk 459> (SeigiSighyse slo izl 3 (Zlsed SlasSll el 5 Lol jlaie 4y canlllas ool o

b Jedoss 5 (Ugd soue sl Lo o 035158550955 (sloosls (522l b g cnl - Conl 00l 0315 dnngs (Lol cwiin g oS

Loty 5 4y plbdin 5 | (SL35555 5 (SoigiS5 ol hlia gl gt 5 (plalils Sl a2y Lo
el ol al> o cpaim Jold JI57 by, S oo ol )

S259989,90955 3 S0 oSl &l il g (59] xos

6)91&0.? oj).x.,.é.m M9:> )‘ ‘)S.QY" R la (u.:.o) ‘5095) JJA) DEM 6[.!&0.)‘& 9 ‘53‘;9.:93 GL@M )‘ aosls ‘Jj‘ d.l.‘>).o »

ol ptiged dlaii YO+ Jolis Jluo o0ls dgarme S o] (sloddgm 115 5 99 s 4dg> (9SS Comdg (23] sl iad
Oler Gloez (b)lid Gl o alox 5l ads 3lupne; 60l glo)lisly canled bl (ul b (55l0e )i Le
oolawl b g Silotunws Slawe sloasosl 3,k 5l g o0g iSe; slo Se%enl o 81,5 g 55 o Ol s o SnSlls bglas
s yd Aoz 3l castine gbolas 4 ax g b ahds o (7 JSD) wad ol (G V2 Sl cds) Yhads GPS olKiws
J5b) el iz Slain calais ya 4 030,55l gyl 53 alidlyir £55 5 (SHsSS Called g ke 1 S5
B 4 ,LS GIS Lo 4o (Spatial Database) (s lel aiwsn Ll G o bosls opl o cud glas )| g (oldlas o, s
2 425 ClS L1005 (raxe b w18 woliial 0550 (g lol- 0l 5 (SeigiSOsd 00 sladelo sl sl plsie 4



&y
e ol g )i A9 (K9S 98 590 Sl

dgliio ;0 (S3giSisn bS50 g i a5 sloadg> o 5l glaion LT g $ps b 0)l018 (SigiSs (il T gl o
o, )18 leasg> 5 b

— (i

e slaoil ;0 GPS Lawgs g lsenl S g ald Blatse clilo p e 5l plo oS =Y S
Fig.2. Images of locations where the coordinates of the peak and the contour of the ruggedness were collected
by GPS during field visits

= Ugd 5651 bl o odls guueg,S

a3 Spledl oS Cgzyla ST bl g o(+11) 03b 50 (g5l Jle g 5 m 6835 0 9 e Lo azli 5l Lol il slaosls
30 5Vl 5 < /VET 5 (oMo Caed) <IEVA o[ < ITYAY ¢ /VYE alox 5l dacas (pl al ganaa b >Ugnsd slacos
Sl Gatpnds jo b ailin] bl Glgie 4 oz slopinnw Solud § (cwlidiions ) oS58 aile alisw pole
Sy olgie 4 bbias plgaios ol o (Kalman & Mena, 2003; Sharma, 2009) wslazs )3° 51 )3 eolaiwl 3,90 Jaou g olis
AYAY-+ IVYF cmd Jlwn codled Sl < IVYF 55 polde riad ad )8 )15 4 SoeiSs codlad ol ples gl silaie
A5 Kby VEFFVA o Sl wlin] 4y So3) Wl VA= /0 dawgie <0+ /FAY davgie L g odimslis
ST pog Ly Gl Ll oasaslas < IVEF I 5V nolie 5 (o) Jlb SLisSS &) SigSish e
@97z (ol Shn Slaptans )3 Ssrae (b, Glagsl il 6Ty b iShy, cnl Wload a8 )S I 50 (ST
RS o0 43‘)‘ ‘5105.&;53)94 o 6[.@00‘0 QSQ‘SM 6‘).: )l)Sa J;LS 9 k_iaJLo:M



§9.8 0 Lol o als ¢ dauxo Ol yblo g Ll a4y yls

Wosls 22568 9 ()& (yge3]

3,5 05055 ails (gLl slaggajl 5l oolinnl b (yogr Jloyi 5 ()l (gmy pslate 4 00 (k09,8 glmosls wany Al ya 5o
Gl b 3 BOX-CoX g ooty )& (slo haws 51 oolamwl b aools «y,l&5 0925 pis &jgo j0 03,5 )18 Lo g 4500 90
DS o SaS o 5 kel laJds jo dbie slas zalS 4 al> e ol aiol

Ll 2595 gilw o

@ Ll )9 @l s alugy 9 3D baaad 9 (JuS el wold i) (KS5SGg8,90 sl e ALl 4 axg L
&9 PDR) il JBs b Jgo,8 0 Sleil ¢ )liel g oo sbvosls (gl canlin g Jlo e Izl o595 SO (lgie
el (V) alaly &0 4 LE

B
4 (X(B—le—AX)) )

X) = 4——
b oolawl (V) 9 (V) Lailg, 51 B8

A=EX)/(n,) ™
E(X)?
B = ( ) X
H,

(Makar & Rubin, 2017) cwl 5k Jo> poo ,sliiS pty 9 o2b, awel E(XX)
&39S sl g 6 bl (sloygleis awlne

Saele S (Guills oF all) (oS Jso p99 15lut) Wiads aslons LolS 255 2 ga o (g ol (sl sl caalsl o
Slade a5 azgs b (0 alal)) ol salgs solaul o] 5l adg> Ll 5 laskinl Bzl g diwle 10 a5 wog> LS oL ol
P s Gl Sl nlad wales a5 05510 O] (SHESS Cpndy s SgSIsd se (Zlised o il Sl
aog> SigiSish g (aFlh (V abul)) (FansS s (7 abul)) (s slo o po 6 amloe slo 4l 5l (S0 45 0bl (o0 Conal
Do 4 o el pl (Makar & Rubin, 2017) col oads acwls (7 B) abs jo SLlE  Soas SedS jladke il oo
50,8 S8 (SigiSigh s b sblie olulid 5 (S95568)50 slajlisle (Seolins Jols
H2 = E(X*) — [EQOT? AP

0=\/u_2 )

S = E[(Xo_i_g’u)?,] *)

K = E[(X —4/1)4] )
o

aoe> S5 b s g ) gldu i Judxi
FB sl lsbo 51 (SO 51 lgs oo o plonil ad g SigiSS98 550 (59, L @395 50 (Sealus Jols cumdg 4Ll 5l am
Samlio doddg> 15 sl Jgu8 LB jLSLe 0,5 oolaiwl adg> JS L e adg> 55 5l Sope  (Swly (e (rend (6150 J5e8
Slaiges (wb)lg b (silge 60,5 Joe naSils J9> g0 ,glidS &5 Cel (o Blioe (eSSlee Joo p0pslisS (V! o



&y
e ol g )i A9 (K9S 98 590 Sl

&l ools SigSig5 5 SigiSs b SigiSig g Cadlad ol a5 0,90 CaaS a5 o] ol ateS sla ools o arl
3 bl blitad e 55 Jlaid @b o2l slo 8,)l5 51 Ko g0 o0litas] 58 drmsbes lislo 51wyl Log) ol diivsy
S o adg> 5l plaS e sle il p asgerme aSl 4 ax g bl ol 5 ads> L ade 5 50 o0 Shes Jolsd e
Sz b adg> ) (SsiSIs 50 Collad CoeS ) 398 Jolie 4 azgi b il oo adgx S la ity Sl (Bolad saige
265 salgs 15 Jlos 590 pole (a9> 4 Cod ddg> 5 52 5l 90 SIS Julow (gLl blet!

LolS &3 355 PDF 5 CDF 3l oolisuu! s guu i oomms ylic!

039320 jO 09 A 4.1.‘>).n U"‘ FUER W W)L.ahcl LK e)y PDF 9 (CDF) JLA..}‘ Guou (v:;‘y )‘ oolaiul l; C"L"' LWLQJ 5o

Slosy 532 4 s 6 S LN g, 5l bl e 0g oled o 4wl planl (SieiSE g8 a0 codlad ST g flos
A eolau!

i Sl b s ga j (Kl b JH

el s oozl 525 (A) abayl,y 5| PDF IS e deslns (gl s dalg, 51 osdle «piud ajsd 5o

(k+D
% = PDF = F( : ) *fw X
(Grd) b ar

[y odel palyd asg> ) ;0 SigiSisd ae slacails y slaad 5l a5 sabawslie slaass> 5 solil a0 lgk T o a8
= = . = F (k+l) . . =
il 3 58,5 o PDF s JIS o o 0l sa By SpalsS CaasS (ﬁ) 35 piad 3l o el LIS
2 2
Oere S Sl o Sles, 32 4 52 a1 ST 4T Jleisl sl L3l 4y 4> 55 b 208 PDF ol 091 10 5 dlne
Makar & Rubin, ) aib go dswlxs JB8 £ CDF jLsle wo 9 PDF a0l Bg SaalsS B> jlade po sy 45 00,5 colinn!
Al oolaiwl Gadzs ol jo s sla fdow ulul olgieas alaly 012017
AL o 5 ST Sl
G3209,5 Aoy 9 X jaome ;0 (SieST Codlad Sal ol e i (SIS O jse 4 (SieiSTg8 50 slaosls (LL o
SeS adg> )3 Glzu blE (st g (plad Jlod a4 Jl3ge (ol 285 JIBY jeme 15 (2 Ugnd (oM S il o
o,

@59 i 55kl slagby, g (b Cuns g (FUgasd) (wsinm L3l slagSIl Gaals 5l oslitl b gl cnl 5o
3555y ol b 305 0900 adg> (SgSist g (SeisSUsd e Cundy gy & (e Jelod 9o I el LIS
5 sheme Oyl lp |y Slailsly (elos slojlil (i logmen; Y9 S0 cln B asz)lr L)) odle (g
b Sllllas b ks 5 o Lol ool ) sl bl s 05T b s slaazily is ol 5 sl 00,5 ol glailaie 3l ke
SUSIEBULEEE RIS
Laools a5l (aseiin 039 )duies 4d5> Su59l58,50955 SLoodls (55) » (FUgeed Julod jl oeliwsay (LolS @y axgi b
955 093] S 5 i )T (FUseed o B 5 ads> (SgSigdse laesls s I8 (g lel atugey JLsle o



§9.8 0 Lol o als ¢ dauxo Ol yblo g Ll a4y yls

nlpls debse silate glaz &y yoeie Jlo g &85 5l ool « Z 95 el ) Coons 1o Waools o )l pae 4y azgi b .aizd )5 )18
Wosls 513,50 90 e Faale ws 4 (litws sl b ooliitul QL sla ) 5 asdllas cnl ()il 5 (cald laJolos 5o
5 FUgmd Soosls (o Ggmim Jelod 5l AR (oS g ) Gl cmies Wad i gl LS ©)90a

(7 J58) 0l dalons dg> SigiSigd 90

1200
w00 | Y =439.04x + 8.8997 i
00 R=0.891
600 .__.-°'..
400 _.0"..
200 O

0 2

0 05 1 15 2 25

W) 6)..50)‘..\;‘ Llss A S &35&55)5.‘0 CuaS . 5‘4} OF 2 9 s)Lolf 6Lb LJJD 5 CJL’L: -y l&hﬂ,

Fig. 3. Results of gamma and Pearson linear analyses of morphotectonic quantity relative to measured points

b o SigiSTg8 )90 03gamme )0 (57) adg> mhaw do )y (i a5 aos o lis do> LS slajloges Jdos
5o @bl pledes (F US0) conl (S5ST0 slacodled ).“...L, S I W= I P PRI L S | ESR O K P IR e
ol a4l plojls Slsdren dalaie slo JuS ywo L aS wijls (18 Lo S5 Slbl o 5 09,0l 59l 538 0,0 olacl
o Jolss oaimoylias oSl el T Jlods slo Cnnd s 35 paiie 89,00k ddg> 10 SgiSTeh slaclad 4 aas o
o,b,s (Radfar et al., 2019) ),k 5,801, gl b badl pl cuwl K855 00,008 slas,lubl 0529 puas g ads>
Aog> -V 090 i ol o g0 4 wilgl oo £adge (pl 0510 Slgtren Lewl gl asan L e axman 0,55 5 5l 0 5 Las
S oo Sy (Seelis Jolss G 4y a5 0yls 18 Sled aladl> gl caie (S pule sl SO alud S 59,0080
bl oyl .l CSHgSo g 00iSTp O ygods o o eSS glacdled g oyl 8 s inely] Al oy asg> =Y
Gyl y & g Gladlaie O jsoas 1) lmn Cu e sasl p b asS S8 gladhaio lpae § dae ol a6l 4 wiles o

sleadls 5l 6,555 0 Sl (gudos ol o (CIVEE g VA /D IYAY ¢ IVYE) (lsd slacas | eolaal
S SigiSipt g chagie whend Slled b sblis GLalid &) 6255 50 ul 55 @ald |, (SigiSis 5 (S
Feizolahbeigi, ) ;),Ken § Ko all aé ¢ (Marples & Williams, 2022) jollig 5 3 L Sliass L baidl cpl oS
sl o pelie lo,lisle g b (g loxs ;o (b i 055 0,L,0 (Lourenco, Golabcehi, Ortega & Rezazadeh, 2021
Sled 5lean] jo SogSien slacudled 5Ll as o S (5,5 g oo oy SHgiSTed 00 SXed 4 a5 b.o,ls Gaukas
w251y 550 (Suislish s v S 4t (i USel iy JS b adgm s 5o dlio ol walys &, Kol (sloCniso
a5l 50 Sl ST laglim a0l 5 Sy Cu e ;0 Wlgi e & 05 0

\

b3 slacansg a4 o] |18, 5 0 oo Lo 1) (6l o gite Soasd 5l osliiul b a8 S cattans s oled aladls shls hite (S ol piec -
b pals (B7) Sl b G b ansds b a5 glagSa ool il



&y
e ol g )i A9 (K9S 98 590 Sl

ooliinl &g 50 Sy (ol el Sgpeie (293 (SH9SSe8 50 LSl Cusl) Ceons 4y Koz F 5 T JSE sl laged yo

Sllad g pwain SaceeS alre sln Sal) e WS e wtaz py aosls s o Ly by slahs,

5590 @i b el cnl sl Ll sla b, Sl eolatul wabg> o065 JLSle 4y Cod 4dg 5 0 (SigiSTsd g0
oo alian 15 lopme; slo el 45 Jlayi i Jlais] alss 5l soliul Cuanl oly,s (Doglioni, 1990)

\ \ \ 4 wh \ \ | \ \ 4
0.2 0.4 0. 9,»"1’%* fm 1'7 4‘{ | 1.2 1.4 16 1.8 2
|- 0.6 =4 0.6 —
//
p
S
/
|- 0.4 // 04 —
//
;
H o2 7 02 —
l/./
s
{"//I 0.2 0.4 0.6 0.8 1 12 1.4 16 18 2
I I I I I I I I I I

K gz 3 31 L og b b5 (SignsS collad (e (e e —F JSC2
Fig. 4. Visualization of the tectonic activity of the Sefidrood basin with exaggeration on the X axis

g abal; ol 5l oslizad Lo ls oYU lelsl CuilE a4 Conl +JAR adg> gm e b gre S, &l (Kirad oy
eoSiles sl 4 T 516 b gt do5> (55, 52 59,5 50055 b9y 2 (ygme @ ((SigiSS Cdlad JiSTas b JBla o5,
05 oaliil Sy egi) ©y50 &) ads S5 (SifSishyge St oS anle sl (BX) (55 ol

19/5155
£(X) = (0.00094) *f (X)(439.04X + 8.8997)dx = 1.45
0.000306
19/5155
1y, = (0.00094) *f (X — 1.45)2 % (439.04X + 8.8997)dx = 0.27
0.000306

dlos ool CITY) :Sile 5o p90,5liiS 5 (V/FD) 39,0000 (sad9> (SeigiSigd )00 Cudlad CeS (2L, wuel
ls JSas 1) L @ je5 sl el b

0.27 0.27
148 ol adg> GLolS PAf (garlns )0 allgo VIA ply adg> (So3505850555 Su055 )1 LSl i
10
£(X) = (0.00030936) = | ((476145.84) * (X©778)) « (exp(—5.37 * X))dx
0
10

E(X) = (0.00030936) * | (X) = ((476145.84) * (X©778) x (exp(—5.37 * X))dx = 1.448
0
sl il oYUl lael ( Saalen (pl g 8o Jlgen adg> as g @b ool ool b lds VFFA luke
5 Conyol gl 4 e i ool Sle 5l ooliial a5 wws o Lis Slettan ol omizren S o dwl |, SIS
Al dpled  SieST gl Ll s o golezel LB,
10 eolawl ).») dJa.:‘) )‘ “Siuyuiag.‘!)y LgLwaJLtB ‘5?&»5‘)., QS’L))‘ 9 )L.:A db.?u‘ Ml?u Lg‘J" W 41>JA )o
10
SMM = (0.00030936) *f (X — 1.448)"2 * ((476145.84) * (X©77®)) x (exp(—5.37 * X))dx = 0.2697
0
STDEV.P =+0.2697 = 0.519



§9.8 0 Lol o als ¢ dauxo Ol yblo g Ll a4y yls

5 St M ol eimod el Wi B gt adgiome ) (SuigiS slacellad s eamaaplis +/OVA Line il
(V57 Lauly)) ol adg (SigiSTg8 50 o ylsle (FandS g (SMoz arulxe o Lol slaasly

Sl adem all SSGo5 ho a4y 09,00 gads> 5o (Ut Sl I Lol SgiSSed 50 oty (Ngz az yo

oy i 555 S b S S ke iaio Gl soleT sla el 5 Atk e syt Job s LSS

10
TMM = (0.00030936) * f (X — 1.448)"3 * ((476145.84) * (X©77®) « (exp(—5.37 * X))dx = 0.1004558
0

_0.1004558 0.7171
© 05193 , ]
YL Cds Whe a5 w)ls Slgsran (ﬁ = 0.717HLE o lasbul alal, 5l oadiailre o> Jlasie b ds jlade oyl

it Jled gl)ls adsm  (Si5iSTsh g0 saiudled aei 45 ams o ylad sdeliiwsdy Moz jlade .ol sadpll Slawle

Cordy ;0 (ST L 5l og 0uam asem ol ply ojle J13 a8 LB osgaze ;o o)l pae ol Ll icwl cly Cos 4

Sed g0 alSLs 4 cnl ol Glixe a4y a8l pl 05 cod odalive ol Ho wal g lbLl a4 Lil S me g o)l 18 s Jolw

o 0 ol medg a5 Wled o cuns V=267 s alabl> Sles Jbsle 5 aSl 09, o0 i JolS poe Caon 4y ddg
Lol B 5l b  cwdin sagSl oL s (Nassef, 2015) casl g (Waldron & Snyder, 2020) ;o

b ool (2 Sle Jo pylez 59lsS 5l iddg> (SigiSg8 )90 sl (SadS esd sl
10

FMM = (0.00030936) * | (X — 1.448)"4 * ((476145.84) * (X©77®) x (exp(—5.37 * X))dx = 0.274373
0

el Ol b ke (pl abg>  SiS samlxe Cyz g Wil (Sl Jo> plez HoliiS IVVY jlade cii> jo
A4S o) g 00bm (gASg> SauiS Syglp yo ol yo 08,8 o A deloes L3 15 10 4 dbge> o lailinl Gl ol
FMM* 0.274373

o+ 0072555
ol g he SueS oo (S dibios CIVAY) 05555 950 g,0ubw (Gao9> (SIiS j95de 0dd (sdmlne CueS plo

Kurtosis = = (3.782 —3) = 0.782

e 5 SIS (FUiS SIS i ABly go 5,0k st Sejslsdyse SalSLs 4o Joliil sszs pae Sy 855 50

145 02,00 g ,0uh S, 50955 (D9 (5l Hlaie pl 05905 50 (55Kl el [ob 4 4 sl oo dle (PIB)
6 6
K is === = 0.782
urtosis 5= 77778 0.78

S8 90 (S oS gl)lo  (SogiSd 90 (slacadlad a g5 AT WS oo Al 1 g el il LS o laslinl Jlade b lade oyl

oo b anolae (o cul dog> Jlisle 0 wad Sllugl 092g pas g cmd Jolu [ Silo Soy95 550 (SowiS jlade .ol
s ppizman ol g0l é o lad b Sl bl i ooimoylis 5 o)l Berkad SeodlS 550 b oo oygl o Jloy
5 Suos5,l JLle U Cou abge a5 WS e ol READ VL as Stcen b SuisS 5 Koz 5l sselcwwsa
e (Y2A67X) Jlsalails sloi g5 5 of 5E5, 5 0,08 JL8 Sy Sl

oD G09S w2y 9 X j970 (59, (Su3le2)90955 (SLaodls (bl 2 3g,00he Ad9> (SS9SS 58 50 SlaDAL &S g 5
Jelod JB (SgiSS slacallad ol Bl 5l ads> Lol jloges cigd o) Y joome (535 (FUgeed (MM Connd (bl
G5t sty |y T i e 5 Wilons drulns L3 la iz ) ads> (SeigiSs SYlisl gloaasin alad .55 aalys
2,5 odnlie O Ko Jloges yo



&y
e ol g )i A9 (K9S 98 590 Sl

0/9
0/8
0/7
0/6
0/5
0/4
0/3
0/2
0/1

0
.0/1 0 2 4 6 8 10 12

Tectonic activity gradient s 55 culed oLl F

activity

S ESS Cld DU s s

Percentage of intensity of tectonic

S5 slacal Bud Ll 5l sg,0uin b )50555 sasg> sLolS PDF Jlages —0 S
Fig. 5. PDF diagram of the Sefidrood geomorphic basin gamma in terms of the intensity of tectonic activities

Dl il ulul s — g0k Adg> SeigiSish 50 cadled Sd Sl i atals onsplonil gla Lo 4 axg b
b o 5 a5) L apr ok amels b duglin 1o o5l ol o (et oo o alg YIVAD oo oY 5l — _2lged
Olgies i ol adg> SeSS slaytisl 5w e Slhlog Sy pas oaims L d(Cun! i i BB Cote Culgin
Codgn yigp e sl ol il 3 5l B (SgSs Lad o 9 b Gub 090 5l adg> 45 05 053
S99 a5 (2858 (2l BT LF USD Jlaged g )dni adgm )0 SeiiSS Dol (2 Ugd slagNl S e
@ldd @9 5l FGeee S50 Greal Il SQ plaie 4 g WS (o e (2950 | 09 (SHeSEg 00 SlaClad o3gume
S o0 ool B (S5 slacollad

LS PDF (55, 3l Jloged cnl oo oo (Lad 1) 09,00des a9 (as (g y 00l B9 S 90dsS Ll Jloged (rizmen ¥ JSC0
ol (Si5iSS 9850 Sl apnd 03500 (59, 2 35 103 A (5O el oad s

0-1 | | =T | | | | | |
0 1 2 3 4 5 6 7 8 9 10
O US55l peS (2858 321 L o punin (sads> SigiSigd g0 slacadled (gosgaze —F JSb
Fig. 6. The extent of morphotectonic activities of the Sefidrood basin with less lateral exaggeration than Fig. 4
[

[ [ o 1 [ [ [ [ [ [

CTONIC

IODERATE
VIOLENT

\ \ \ \ \ \ \ \
0 1 2 3 4 5 b 1 8 9 10

Sg i (SASg> ipnd SHgiSIg )90 (FUgnd (corw § o390 -V JSB
Fig. 7. Weak morphotectonic Fibonacci plot area of the Sefidrood basin




§98 0yl o alo  awmo Ol polo g Ll i a4y pi6

M e‘y )‘ oolazwl Lu OMTWOAJ 6&00‘& el Uas u‘)—o.b séuj..s_vﬁﬂ)yo 6L®w|0).' C.al.u )L....C| 9 R-K) kS’L'))‘ 61)4
0.0003

p(x < 0.0003) = 0.00030936f 4661145.84x°778e7537%dx
0

p(x > 0.0003) = 0.00030936f 4661145.84x%778¢7537%dx
2.185

ol el 0,8 a0 BB s (0 aS sl 0,0 3.88 % 10712 g5 e o slas lade a5 wols lis il
JS8) wileas Cly’;‘:.wl Uas o0y oYU Sl Cdo b gove o allin (o (S350 98,50 (slrosls a5 ool QT Q5o Egdga
(A

0.5

269.15

0 | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10

Sg et A5 (SgESIs8 )50 (lrools gl (e (50505 loges —A S5
Fig. 8. Intuitive diagram of the error rate of morphotectonic data of the Sefidrood basin

a4 b g CDF aulwe 35,k 51 jlade cpl.canl 0o )0 A4 /AD sgux laciils (IS cds a5 wisle lis oLl sla Julo
slas (s Jilas) govn conly Alss Cows 4 CDF jloges o9 loaslsl &jae 10 ¢ cpiioren el Gy Wosls ssgae 4
Golel ol ;0 00,088 yliebl alols G lgiea s ] aas &, Silgs o duo ) ARl iy 058l O jgu0dy 4 bogd
Ol e (0 9 USS) cel gl cawlin slazel CoblB ¢ oudioslaznl sl jog, YL cds Sl « ouw Lol mlis ol 7 las
g Sl 2led lag s £95 51 LB @je5 a5 Conl Gl e 550 plnl LB o595 aan> )3 (ore sla Jelod pled (3o
e 3 Cute CDF o 4 atie pizmad 55 ol paniie laosl 53 5 (me 9t 4l 1 5 68 J1R0 il
abaly ] (P(XX)HP(X>X)=1) diid poin ;50050 4 G 0390w dd5> ( SigiSTgd 590 (slacadled &g, 5l oadz] el
Sl osls jo gdlaie e DBzl 0929 pas e 5 oL g Ll Lle b ool JolS (6,55l saums L

-]

Q

0.5 /E H
0— \ \ \ \ \ \ \ \ \

0 1 2 3 4 5 6 7 8 9 10

Syl (saD9> (SigiSigh e liabl (alold b ciilsy cds Bl ,Soleess -4 IS
Fig. 9. Cumulograph of the extraction accuracy with the morphotectonic confidence interval of the Sefidrood basin

1 \ \ \ \ \ \ \ \ \
D.5 4 H
%8.9
0 T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

39 e (S859> (SeigiSishjgn llad CoaS Sl g Bl SIS glgags Ve S
Fig. 10. Cumulogram of minimum and maximum quantity of morphotectonic activity of the Sefidrood basin



&y
e ol g )i A9 (K9S 98 590 Sl

(90 G Jukxi) (Lol adg> s rad g 9§ (Sommly ol 3o

S ol absm 4y asg> 5 0 Sly alaily 06 o3 (Ll & 65 51 oolasiul b 09 00w adg> Sl Jols ol 3o
e lie g% cnl 50 b ooliiul 95 (51 9031 5l jglate cpl 51y 0,8 S8 (G510 590 5 (bl (5 kel (sla i, 2y

1S 3l las ol adg> g bads> n e (M2) (:S0ks J9o p9 55besS (Y|
(n—1)s2

2

OMW‘\))J blas slass n 9 ‘51..4‘ 4..05.’> u..ivL..a JP P9 )sm 0'22027 54.»03?).)) (u...ivl...a JP P9 )3L..mf) uwal.u)‘jsz
25 gl 1) ol dogo a laads> 55 il b (Siawly go)b,0 (55l gl Sl (a3l ol sl dd52 05 o0 j0

polie aiiws Lol ase e SigSUsd a0 glacodled i sl leasgs g 25ST a5 ol las g0 5 Julow
Slecdld 555 0556 0 jlolne Dglay 099 oaims Hlis aS (idgs it OY B FIY (o bass> 5 sl 42 oadaulrs
Oialed (69508 O y504s 90 SIS PDF g CDFay 55 V) Ko jloges jo .ol Lol adgm b anslin ;o SoeiShei 5 (SieiSS
ol el Jlaa S g G]Lf} &b (sog0e ;970 5 (FIV L+ )90 S oo s00e 03L Soged oyl Gﬁ‘ JYE PR FRWIFRIN
oot alasl ) el L g 0500 418 789 (5 ol o 40 )2ZOY i b 0y 00 Adg> ) oS 4T 0iS e Al loges
b slel (Ko 4555 12 a8l 5 ouds @8ly L3l ol 5l 2,5 0,005, adg> 5 o blie ;o 5l Lol asg> L (s,lobas
el 0als ateio Jloppalad 6 xS 4l L logel o Cos )0 £9090 (pl il jols dbgr b satinn

~x2(n—1)

| | !

PO [ [ —
L5 ] —
o | | Safidrod L

|
s -
0 — T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100

kol ads> b laads> 5 ples (0Sle Joo po )5LetS aulio — g9 g5 CDF Jlagei -1Y JSb
Fig. 11. Chi-square CDF plot — comparing the second moment around the mean of all sub-basins with the main
basin

s om0 45 510 13 e loaladls g poranin S yules piew S i Co oy T 4SS e dies il
ool eolS slaaiil | S et (Simlon g o b il 5l eoS 5 ol el qlas b 8 G b, bl
Tohin 3 vb Wlgi oo SsESS otz sla,lislu b adgs S gk puegds b oS o SoS Lo 4y oy ol el anlllas
O s Sadlo 5 (6,3l alid ( blie (0 bl porede (IS pan S gzl 10 op g WS Jes Jiis e
ol S e Jae (IS 5068 )| sl S 50 Adgm 5 8 45T WS oo da 5 (OO B FIF o a8 Cens L) baasgs
Slalllas jludis; Wilgs o 4l (ol ool 43,55 )13 4295 9590 (LB Slalllas )3 (n95ar (95T a5 el (63,90 51 (G oy
9 W (SRS byl Lo 5 lade> 15 Slapt o bLI ) 0)l)s i
s S 3l Con Daeaily SGasS | Jlle ST 40 390k dde> -V S Gl e «Bsd slaamil 4 axgi b
S 2 5 s Jins (SHgiSS98 )90 lacallad [l 5l U5 b eadez 5 (Jlo cnl b =Y 0)ls 15 aaly (S mle
L lp Sl Jo> poo 5slicS Cans (ilo b 0g 0ubn adgm ) lois —F oS o Joe 093 o5 owe Jelse 3b cos



§9.8 0 Lol o als ¢ dauxo Ol yblo g Ll a4y yls

s )3 53509, Ay 333 ~F sl ol Adgo by oo alas 43 g il )8 00 oI5 (g Lol blitul s3game ,o DF/TF
sl Lo oy b catamns ST 365 e 352 pie sl 45 31 )8 I ez bat (6 yiuS B 4l 0 5 jlogai o

Jo75 0978 50 pe (SBge cwimaplis (DS SuoS )l LSl G sgzs LS o badg g oo Plitel ()l
Syl (58I s o) T ST (Sals =Y g (oo dlad Jlats jl laasgo 5 (09 Jiawe -\ el ads> (SigiSGgd 00
S e

dglie BB (ST s pf lie 4 azgi by OOsh jome )0 95,00 ads laads i plad ) USS o
W8S oo X 570 (59, B0 e b laadg> 5 (ke Jo> po3 jslidS Cuomnd 1) 10w oo lis dglie (ol s
Sl ads> 55 o dagl (oa8ly Coxdgo 4y az g5 b Lol -V ol oo alie Ml Lol adge b lag] (S39555 58550 g
el (63,8 4 yazie (SgSS Cullad

125 i8S (oo iz p 1) (G325 9 S0 S y2elip g (ormb Sllas o e o jgomedilaie 0,55y, Coonl laaiSly oyl
il g Slalllas 1o Eglite (63,535, diajls Conl (Ko dd> ) 0

i Joloxi b s ga j (Sl b JH

Wog> laady> ;S0 g S9plx; (SeiSedyee 4> p e bl abuly pwyp johiie 4 Cwend cpl o
99 Sl il ylg dnslio 10 (glos S 0 )7 g, (pl sl oal eolatul a8 m5e8 o by 5l g 0nie (So59)58 50555
9 995l) 409> p (e (ST ge sla Sl (Stwly b Pl sl cals ploie 4 (agh cnl 5 9 318 axsl>
w‘ 4.4.5; )‘)9 oolau O)9A L{b:\.og}))) JJL..J

Wd g Cudle glylo 6>L,5Ms @)Uo VORI - E= W] omclﬁ;ﬂ,l ‘5&,.;9,&;}9)9.@ slacieS aSul 4 azg L
aiile g5 Jglaie sla g, 5l g oo ddosls (y0gr AenS g0 10 ¢ blae o il (69,0 Jind 5 oL sla b, 5l eolazul
2,5 oolaiul (glaiged il g

ZUemd LSl 3l sadizl seinl (TEC) (SogiSSed 90 o axli 5 Slelay )| UTM Olazes Jold 5L 9,90 slaosls
JP (_gl.ﬁ)sllwf d.»...uL?oe 9 ‘5'4.‘> L)?""*’)f) ‘_ngu»j) )l oolazw! L> 9 L;)LAT ‘_gLng’L‘.L?U o GO 4.19).@ )$ ooty U”‘ !
39l ads> ) 5l 2 (BB gy CDF ol dulono

LJ"‘ R 4.»..»[70@ ‘5'4.‘> u}.w)...:CDF (:)L: 5&5).:L70) 4\..05}).1) éus—.i:}‘!)}a ua.>l.~u L;l.boé‘b )I oolazw! l.a sd.L>J.A ‘))‘ o

il ) O)jg0 4 alai

B = ((34 % 232) — (5952))/((34 * 4.027) — (10.13912)) = 54.36
a = (((595) — (54.36 = 10.13))/34) = 1.287

uiio Xg CDF Culys 0 9 PDF Joleo Y o] o a5 w09y dalgs> Y=54.36X+1.288 & jg0 4y (ygums,S , Ja dlolee ooyl ol
slools oy (/AOY) s (YL SKwen cdimolis alaly cpl sl 0l dde g (SeSTg8 e el
S ool ) s ylel bl el oS conl g il adg ) (SigiSied g0

2y ol dalno g PDF (65Lws 095,

5 398 &b 5l RS IS s il B 4 pladl (o s S5 @b a5l



&y
e ol g )i A9 (K9S 98 590 Sl

0.808

F(X) = f (54.36X + 1.288)dx = 18.748

0.147
s (g3l Jley 5 & g0 PDF aslol 4o
0.808

1
fX® = PDF = (—) *J- (54.36X +1.288)dx =1
18.748 0.147

0 dale 3 Oy 09 il ade> 0 6l (B(X)) ook, el
0.808

EX) = f (x) * (2.9X + 0.0687)dx = 0.532

0.147
S slo g, b duslie 1o lade ol doools og dwgn @ az gl b el 09 ,5lou adem 5 ol ;oS L pl s Jlada o)

3,18 (6 5L E8s (Sl wiilo)

Wb Al g ) O)gods 39,y Ao ) (Sl Jg> pgd HglidS (S (pl yo
0.808
E(X?) = f (x — 0.532)2 * (2.9X + 0.0687)dx = 0.0379

0.147
1000 )5 dnlne pj O jgods 3 lae Sliil (opl ply sl dnS 5965 S jo Wil g 3l e Jlade ol
STDEV.P =+~0.0379 = 0.194
8,5 1,8 eoliiwl 890 piod o jo el slasog,g lgreds ¢ polie ol

WLasgs 5 ) dmolio g ydud Jodxs

&g ol ol oslitul pand wje 5l g anhe ads> Slaade> ) S0 L 99 iln; adgm ) amlie sl > e 0l 5
35 s (F = ) anal 50 sl il )y canns ol

Gl sl @d9m 5 50 (Sl Jo> poo 5Lt 8 5 05l s ) (eSile U5 pgd psliS </ TAV=0Z] o oS
35250 5acglis LT Y SuiiS o Lae anly ot Lo (S s ady> 25 30 LT ) pagis B 08 o oSS Lo Lo
foied J58 BB olne o ;o

Faose 3l oolisul b 55kl 258 (9031

alold jo oaddiulrne piu8 Cod &5 Jyge jo b e b ol o Hy:0%#F gHyo? =F )l 5,8 g0
Sl Sy Zon adg ;90 45 90,5 s Wz (nl g 9o &y S5 0y9e Ho (28 005 )15 00000 Lol
95 ,tbe Pl swmslis 5 9,5 o0 )13 ol 3,90 Hi (63 w90 cnl 2 5 S oo s S i (Sl
Ll dbgz )

V Jgaz diwly (pl jo ol bl (G g jeibog; aisle) laasg> p5 ;508 9 095l ade> 15 Slagg) 9y » iud oo
b g CDF 5 PDF 13355 o yo o yglia s (slaciomus Jolis



§9.8 0 Lol o als ¢ dauxo Ol yblo g Ll a4y yls

badg> ) nlo g 99,lxi adg> 55 (m pied Jelod @l =Y Jgu
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