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The western Herat Fault system is one of Afghanistan's most
seismotectonically active regions, having experienced four Mw >6
earthquakes in 2023. Given the significance of this region and the
occurrence of successive seismic events, this study investigated the
seismotectonic dynamics of the area through seismicity parameters
and fractal analysis. Here, changes in the seismicity rate were
analyzed based on variations in the seismic parameter (b-value) and
the fractal dimension of fracturing and seismicity (D-value) using
available seismic data.

The study area was divided into nine primary zones, with each zone's
parameters calculated. The largest fault fractal dimensions were
identified in the southeastern, central, and northwestern zones, while
the highest seismic fractal dimension was associated with the central
and northwestern regions. The calculated b-values in the center of the
study area, coinciding with the Herat Fault, indicate elevated stress
accumulation, potentially signaling future large earthquakes.

The seismic moment rate, representing the rate of energy change
released through seismic activity, was estimated at 1.18 x 10'TNm/yr
for the entire study area. Combined fractal analysis and seismic
moment calculations suggest that the Zendeh-Jan, Injil, Ghurian, and
Kushan districts are potential candidates for future earthquakes.
These results reinforce the interpretation that western Afghanistan,
as an evolving deformation zone, remains highly susceptible to
seismic events.
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Extended Abstract

Introduction

The Alpine-Himalayan seismic belt passes through Afghanistan, making the country
prone to frequent earthquakes that cause significant human and financial losses. The
northeastern regions experience the highest rate of seismic activity. Recently, several
earthquakes have occurred along the Herat Fault system, highlighting this region's
seismic potential.

Fractal analysis is a statistical approach extensively used to analyze spatial variability
(Turcotte, 1997; Dimiri, 2000). This research builds upon recent developments in seismic
studies, including fractal analysis of earthquake distributions conducted in Turkey, Japan,
and India (Nanjo & Nagahama, 2004; Singh et al., 2012), applying these methods to the
Herat Fault system. The study estimates the b-value as an indicator of seismicity and the
D-value as an indicator of earthquake and fault fractal dimensions using square-counting
and least squares methods. The seismic moment rate is further estimated to study energy
dissipation and tectonic mechanisms (Bridges & Gao, 2006; Pal, 2008). This represents
one of the first comprehensive studies of seismic activity along the Herat Fault in
Afghanistan.

Material and Methods

Seismic data from 2011 to 2024 were extracted from regional and global earthquake
catalogs, including ISC, USGS, and historical earthquake reports. The data were refined
using the Reasenberg spatial-temporal window in Zmap software to remove foreshocks
and aftershocks. Earthquakes were plotted on fault and topographic layers in ArcGIS.
Main fractures and faults were identified from USGS 1:500,000 geological maps and
enhanced with remote sensing techniques using ETM+ and ASTER imagery in ENVI 5.6
and ER Mapper.

The b-value was calculated using the least squares method, where lower values indicate
higher shear stress. Fractal dimensions were computed using the box-counting method
and mapped using kriging in ArcGIS (D-value). Seismic moment rates in 36 subregions
(30%30 km each) were estimated using instrumental and historical data, revealing stress
concentrations on the Siyah Bobak and Herat faults.

Results and Discussion

The fractal dimension of fault zones reveals their geometry and complexity. Higher
values indicate denser, more complex fault networks (Charchi et al., 2001). In this study,
section 9 faults showed the highest fractal dimension, suggesting greater fault density and
potentially higher seismic risk, particularly in southern and southeastern areas due to
stress concentration.

Fractal analysis of earthquake distribution showed high fractal dimensions in central,
northwest, and western subregions, indicating greater seismic clustering. However, these
findings depend on catalog completeness, and Afghanistan's limited monitoring
infrastructure necessitates reliance on corrected global databases.

(8]



The b-value (relative frequency of large vs. small earthquakes) is inversely proportional
to stress. Values <1, as found along the Herat and Siyah Bobak faults, indicate higher
shear stress and greater likelihood of large earthquakes (Scholz, 1968; Wyss, 1973). The
D-value/b-value ratio suggests areas with low b-values and high D-values are more prone
to significant seismic activity. High seismic moment rates around the Herat Fault
correlate with 2023 seismic events, indicating blind faults and ongoing seismic potential
(Johnston, 1996; Hanks, 1979; Kanamori, 1977).

Conclusions

The study reveals active deformation in Herat resulting from Indian-Eurasian plate
movement, releasing substantial seismic energy. Zendeh-Jan, Injil, Ghurian, and Kushan
represent high-risk areas, with the northwestern region showing particularly high
seismicity. These findings underscore the need for improved fault mapping and
infrastructure development.

Acknowledgment
The authors thank Persian Gulf University for their support and research environment.

Special gratitude to Dr. Shabir Ashkpoor Motlagh and Dr. Sayyed Reza Mansouri for
their valuable suggestions and article review.

[81]



VACAA (o IFF Slag ) ol IF alo ISSN (Print):2322-1682  ISSN (Online):2383-3076

3T (g yiawd DOI: 10.22067/aeoeh.2024.88810.1500

g Ao

SLgewwlyd a4l g Ludlidl oy jo Ol JuS o)y ole (b))

Slojy HgldS &5 g (S lwimme o)y

*y . \ .
S B -V T evY

Ot e 92 ¢ oo y8 gl oLRESNS (ot 5 9 99U (59U 9 pale 0aSiNS (S ja3g55 09,5 ool )l (ol )5 ggomitils’
Ol Rl g2 ooy geals oKD ¢ w5 9 U (53U g pale ouSisld (S 18455 09,5 b obiwl”

RV Alio wleMb|
o OLslidl (B loaios ) JUd slaasgy 5l (S (258 Dl (JuS s Ao azess b

kil esged s |, MW > 2 Lo Jipue) slas Y TY Jlo o a5 aib
SEleimios) @l (e (ol 5o (s loj ) Bl g adlae (pl Coenl
W85 5 gy 390 S5 Ll 5 (50 slogalp ol dibaie
=05, gl B Slass by p ailate 5B03)) 5 St (g (nl )0 ool
sheolaul b (D-value) syso;,) 5 (Snsls JUS 8 ax g (b-value) ;.5
Sy dilaie (o0 ol Sy 50 a0l Jlo g (o) 2 39290 (Slo) ) (slosls
ol dwle o3Y (slagmiwl 3 aigy ;2 10 g 00l e adgl Ay 1 4y adllas
(S a4 bgye odd anuloe JuI JUS 3 ol (255 ool
Bblio & by po (g5 ) (JUS 3 am Jladie (0 i g Sl (028 Jlod 5 535
o3gae 35 o 0 B el (6l oad arlne ol wloo (28 Jlod 5 535
aS oog 4l ol o iar aulidl sasmolis Wl S 5 Gudaie 5 (Sledllas
JSLES E5 ks eany] jo S5 05 ee; S 58y sl syl sl (S
sl oj)) Slyss a4 a5 Sl (e haw ($551 50 i £33 e (LS sl o)
VA X Gllllas adlate JS sl gloj)) jslitS 255 Jladie 090 (g0 oS
dlons 5 JUS 3 slo Jdows £gamme 4 dz g5 b .cowl oa 3,91 V- Nmyr ™
4 wlgi oo OLasS 5 (et (el plarons; bl wailaie gloj ) (lajgliss
Buus (pl osslcwwsds gl duslie igd (3o o sladljl; slasils lae
(S by K68 laigs Gleie 4 leilidl e a5 WS e el |

el (6 i Sloj ) slrolas ) asiue

VEYIFNA 28l o )b
VE-YIANY 6,550 &6

AR VARV ARV TG

- slS Elols
Sl JusS
SpPoi ) JUS,8 Sl

Hlail gulido) Jiree;
Sloy) oS &5

(JJIRVS

D lais

Obeslidl o 58

E-mail: szarei@pgu.ac.ir

SV S R LI R EINEY :


https://orcid.org/0009-0003-3911-585X
https://orcid.org/0000-0001-6130-2748
https://doi.org/10.22067/geoeh.2024.86195.1450
https://doi.org/10.22067/geoeh.2024.86195.1450

AY gs‘)‘j 9 (§9ox0
w2 QU @8 50 Olyd S G305 Ol (2L

SRyl oduSe

dodio

g9 5| SYsb slazsub (Jds e 5 010 18 Wl T s ) i peS s o ladlidl
Bhlie sl ot b o 5 Sl gl crgn o &8 Calls |, 53 5 S8 oo Jie;
bl )5S (g o Sl st 4 bl a5 QL (g ey oSl Jols (plnilidl B0 Loy
ol 85w e i el dly Dlye (LS aille (g, 2 aS Dl o S Gladl s riree isd oo
B85 (o8 Cgme S o)) daine (gl (S lye 4 g adlaie

Sl iz (slalad ;o b s o3Il g @395 0920 (o) Sln @) Slaghs, 5l (Ko JBS B Jebos
390 Hludladl Gy jo Olis S w5 lol g, (! SS 4y (Turcotte, 1997; Dimiri, 2000)
S B sl S ilel 250 p (s (oolidop)) Slalllae 3l slale po el 28,5 18 ()
LIS (6505 ey dnmg Wn g (nl5 A 5 alex 5l Ol bl 5l gl 5o S8 slaJuS 5 oo s
Soop Ve 4y il B pl (Jloy &l 4o .(Nanjo & Nagahama, 2004; Singh et al., 2012) <ol
Bridges & ) sgd oo jlaie ol 51 Bl youl cely calirs gblin g5l ynio; ) sbo Sig Yw Lol e
(Gao, 2006; Pal, 2008

g 55l Dl 5 g adhate S ey Uil Sl osled S lgre 4 sloj ) polaS 2

Sl s alﬂ Sl Ol Gtz gl p lelidio ) Dgs oo ALl Glojd Slpss a0 bows gl p aiwg



\F+¥ )Lq.g Al o)Lo.J’: IF u\.L‘> “;hw ._,I}b[’m 3 L'-")’-? m}m.’ AF

Slyaats 50 W5 530 (o) 2 Sln CaeS (e o) HaletS oS oo oolitul gloj ) ,5lesS Sl o) e
Al g 05 d e L oad Sl51 (551 il a5 1z el 3 lusire;

il oo 5 105 aadar alolid 5 g5m05)) slo el o)1 cuz oaxis laiags,
(Oncel & Wilson, 2001; Tavakoli Zadeh, Rahimi & Ghaemi, 2016) el ool plil ez g ol !
lp JLS,8 am Jlade a5 wols olas (Yadav, Gahalaut, Chopra & Shan, 2012) o, (Kea 4 globy
gV 4 SSoy polis glamin Sl zohaw sl g el V Ll iily 8 sblise jo (laads sladly);
Fadami, Zarei & ) o )Kan g soead a2 oo Sl [V 4 SGop polie diwg e )0 (SnS
gy, slojy) sluwal (gloy,) sla mal)ly 5 JUS 8 Jdow 51 eolaul L (Ashkpoor Motlagh, 2021
) bolfiss § 00,5 aawle ddhio opl ;o |, D-value g b-Value o cos § 0o ,0l cavss |, olwses
Sr>05y) &9 3 (Roumina, Zarei, Mansouri & Azadijou, 2023) ), ¢ Luwg, 250,5 ololis
500,5 (gwyp 305 JUS,8 an gb-value o )bl (Swwon jloslatul L, oSl Caim o
(Zarei, Khatib, Zare & Moussavi, 2020) l,Kan ¢ 2,5 20,5 Hlobis |, ouss | 3o sz bl
S5 e,y 4 (Rashidi, Khatib, Mosavi & Jamor, 2017) ,Ke 5 (g, g Ogf Jlod (sl
9 4325 4 (Pan, Yun & Shao, 2020) o )Ken g oyl aizBls 5 e jgbid 75 SaS" 4y Dol (5250 g
ol ol aigy Va4 dilaie laml aghy opl jo aSle y cus B0 el slojy) 5 (Sesogsy Julod
B S 00 Ml.‘?m uLu).o Jsl» u"ﬁ) 4 b-value 9 )Lo...u oS U”’ﬁ) 4 D-value ).:QLGM 9 03
5 G305, JUS 8 am jlade dedaiy ol 51 S o gl 003 5 5551 55 elil 90l G G
485 O yg0 gy ATcGIS 10.7.1 13816 5 10 'Kz S g, 5l eoliil b 5 o0l dlee  SuSlis
ag Y7 sl sloy ) ol 75 0,90 5l eolaiwl b sloj ) (slacadlad jo oo ol3T (65,50 jlaie s .l
boireios ) Olallas gl s 5o Gadod ().l ool oo dalaie B loireo) ) (ol g oo angs
Sl Hlilidl Ol o adlaie o

g, g olge
Wl adiliin (ol o

i Slonio 1,5 b (545 a8l 0l 8 Wlaranc T Jlab lmsS e 5 il
€995 doall aalais pl (Ambraseys & Melville, 1982) cuul 39,0l a4 b 550l 2lgl 51 Lol
095 5% Hhe R pilSe b s Geee loo)Jimme) 5l (B p wiz e el BospS 5 Sy slao i)
5 otz sla,lisle lhls Sogss a5l lisliél (Abdullah, 1993) aies co &, (iS5 goie— el
o oS oad LS5 e (S5 slagyg) 5l il () S8) Sl (sieei) sVl Sty

1 Kriging



AD ‘$:)|)’ 9 ‘5..\»:;0
ey QLnlid] G5 50 Wl pp Juu G0y Glei (b))

b s lawg [ERVNS L oygs onl sy eV S jo .(Siehl, 2017) &)ls (69,8 4 pazwio sl S plas
iloads ez

S5b s a8 () JS) 3yl 3 lislidl 02 4o Ol a8 SSexSS digy 5o aslllas o 90 ddlaie
3 o] sy SloSin | este (Koo slo s ol akie ul ool Jlab (SgS5 slacled
Sogpoios 5 ¢l 25 i e sla oS 5 Sl o wiile L slaclled 1,0 5 el isS 5
ashio cwlidye) Lalo o lo slasal o,6- B8 wg, L oS Olie JuS ailoads g, Ol s jl>o
5 PS5y )0 Slodes Ol oy o plal> ¢ b Sl sbnl b g 00 )5 pndd (i 90 4 |
«_31).\414 G205 opl g Gl Gy slao) i) dmine ddlate (plcsl 00,5 bl dilBog, s
2l ddlaie (LSl (S5 9 (oulidime) » (28 B
asdlbo 5590 ddbio Jled b Ju

Jolss g ojlo j18 3,5 a0 FYH L F) 5 Jlod a0 YOO B VY Slaise ;o asllas 090 035050
So e il Cgiz po ae S S g Jld 5o Sugiolew S Slip S gl (28 (i
Y oogas Saelye i 5L g ol slatel e U plisldl 5 5l as el o Sel,) sadslacsl LS
0,9 40 JuS cpl () USUS) (Shnizai, 2020) cewl 00gs Jlad ion Jlo yguben ¥ 050 51 Jlu jo o oo
SOl Sy50 a4 (5yedi 0y50 3 ol L b ye iz Gla SenSlh 5 0b Jlb o)ligs mgeem mesSlsl
8 slasls b LS v SO Glgie 4 i Olye S (Treloar & Izatt, 1993) aios Jledsb
oy Byt Jlah g L st o ol ) 5o oS 355 o 455 il 40 sasi
oS Sy g e )8 LS cizren 00 8 Jegl S VY dgas Jsb by Dl LS Cg )0 ()¢
Ssg00lews JuS (Abdullah, Chmyriov & Dronov, 2008) s ls slaial oy 4y 5,0 51 0 5l sadolacl
Wlgi g0 o (sloj ) cellad g ond @8ly Sgrobew (i o S35 5 2o (58 Jlod 3 yeskS Y Jsb L
() JS8) sl asls e Comex 5 (o O

ol F)b sladly;

solas, YoVY cSTY &6 5l aes o plas 1) Ole LS winsw 50, loo) Jopse V Jgo

el 03l 18 8 o 1) wla ddlate o pLlidl Oy 4ol azg BB (S b g 2 U35

GAY G0 b ay; my YoV LaSIVO LY Sy ojb 4o dRSCh 6 K05 55 10 slo sl bl
Cowgy £999 4 ddhato pl 0 £.0

1 Iranian Seismological Center



VFF 5l ) o)leds AF wlo (Janmo Ol bl g Ll pao 4 06 As

—0)y aldi (o . ol (sojyl o) of jod A gl (5 jglS g oyLwilidl 81,54y o8 auli (- ST
S0 yw i Sy A (635 0 liwilRd] (g S SOy @ lewilzdl Jlod (o Liwiladl ol pmo)

gal Bzl (Ol b fus alos 3l adlaio Jled g Lol ol OT o Sl adkio colwimo)
] 00l 0010 LS (1 pE— B o wigy b Al 35 w0 50 Ol S el 00l 0010 LS SGgeolew

Fig.1. a) Topographic map of Afghanistan and neighboring countries along with major
earthquakes. b) Seismotectonic map of Afghanistan: northern Afghanistan is shown in
gray, central Afghanistan in green, highlands in yellow, and the transpressional left-lateral
boundaries between the Indian and Eurasian plates are marked in brown. ¢) Seismotectonic
map of the study area, highlighting the major and active faults in the region, including the
Herat, Kaj, Qarghanaw, and Siyah Bubak faults. The Herat Fault is displayed in the center
of the map with an east-west trend.
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Table 1- Historical events in the study area with magnitudes greater than 4
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1978-05-07 34.585 61.997 33 4.5 Herat
1982-10-17 33.951 62.233 33 4.6 Herat
1986-12-10 33.466 61.905 33 4.4 Herat
1990-06-11 34.126 63.219 179.2 4.5 Herat
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Table 2- Numerical results of fractal dimensions (D-value) in each zone

D1=1.6274 D2 =0.387 D3=0
D4 =1.2943 D5 =1.3262 D6 = 1.5686
D7 =1.4925 D8 =1.6585 D9 1.8844
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Fig.2. The fractal dimension zoning map of faults. Warm colors (red) indicate areas with
higher fractal dimensions, while cool colors (blue) represent areas with lower fractal
dimensions.
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Table 3- Numerical results of earthquake fractal dimensions (D-value) in each zone

D1 =1.5561 D2 =1.2561 D3 =0.8077
D4 =1.5561 D5 =1.7557 D6 =1.4381
D7 =1.0966 D8 =1.3415 D9=0.834

Srh o8z 9 292 (PP 0 GrFer) SR wm 3 b g (SSE JUBS 8 am o9 VU
YU olie5) Jemiln g alos S ol3T 1) 095 saiio w58 (55,0 j9i0 3blie oyl slo S a5 ams oo oyLi

w5l

Loal 315 55 709, (JUS 8 ay (gl adgy adii-Y S
Fig.3. The fractal dimension zoning map of earthquake epicenters
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Fig.4. Zoning map of b-value variations, and. The map consists of 9 zones where the
fractal dimension value in each zone is calculated and then zoned using the Kriging
method in GIS.
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1035 H9lldS & 5 0550 5

ol BB (05205 Lailg 5l oolitul b el b S i (gloj J adlge oaimoylas a5 (gloy ) yolaS &5
5 Looj Jimes )0 slaosls 5l eslial wsloj ) psbss ¢35 3550 sl @y slagts, 5 Su ol
S5 52 (o 957 30 (51755 Ly, 42 455 b gy ol 5 ol (2l 5 (0 5 5lmo3 ) 3005 LSS
dslone o)l 5o ln 1) loy ) poletS Bls (oo ISl sl ) j5kS s (M Mg, my, , M) alisee
Bl Sl ke Ghaghy Gal 5o ool oolitul glabuly) 5,5 (raaei 1 Sloj ) HslidS &5 e
(Kanamori, 1977) Myy & alal, elwl »

My = %log(Mo /Nm) — 6.0 )

il oo (NeM) e (53503 can Mg jladie O LY Laily, (sl a5
JN0ged ey 5 39250 sladle Gulal 12 625 Gle b9, 99 5l )sLiaS £ 4 gloj ) jsliaS b cux
Dg oo oolainl las ol (6 S oslail g sloj ey SIUL o 09z g0 slo Jlo blie o crezs jgliis
EF 9 oD el JlaglS Yo 50 fleghS ¥ (gog0 slal b asgy Y7 @y Sldllae adlate cal> o ol o



VFF 5l ) o)leds AF wlo (Janmo Ol bl g Ll pao 4 06 ar

TY Gloaigs 4 bgye sloj ) joliss #55 (p yiiion (FUSS) Conl ol il aigy o 10 loj ) oS
P gl Lol S 3 Sgobw slo oS Jlg> 10 a5 Casl YA g YV (¥ slaaiyy ol 5 o 5V 5 oYY
load @Bly (lpl g9,y plul,> Gl 5l plagidu 5 (b jee (Jamil (plareas) la el (Soo3

SrojJipme; a Conl olbddig 4y by e Ol pp dilaie o 0ul sl3T 5,0 O iy 45T A2 oo Lt gl
CryiaS sl YL gblie ol 5o slos ) jalias &5 5 wols &, ol o VoYY Jlo 0 8 oYL 8,5 L
ool 00 oomline Slalllae ddlaie (3,5 by s 5 GlwieS 5 b g5y @blie o (gloj,) jsliis &
Oleiy oS 3529 Kibles wilyiioo Gl (JuS JBS 3 9 (sloj ) jgbuaS (VL 25 b Gblie cmizmen
Dgd oo dmogl Gblie pl o e JuS pl 3805wl by ol

Slayl . Bl,bl 3blio g Wiy Sl ity 51y L Jshus (giaSads 55 slo)J 59l £ 55 2591 5 —F S
S Ky 3 glog ) ygliS VL &5 5T SR sl odh 4285 55 50 agheS Foxt's Jakus 5
a0 LS 1y 5 ol €5 50w
Fig.6. Estimation of seismic moment rate in the grid cells for the Herat fault zone and

surrounding areas. Each cell is sized 30x30 kilometers. Warmer colors indicate higher
seismic moment rates, while cooler colors represent lower rates.
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Fig.7. Map of population distribution and density around the epicenters of the 2023
earthquakes, adapted from (Hubbard & Bradley, 2023).



\F+¥ )Lg.g Al o)w IF u\.L‘> “;Iaw ._,I}b[’m 3 Lﬂp m}m.’ as

S5 A
loy) yslitS 255 9 B jladie ( JLS B s wiile sloj ) slapall wole clagnage))) aslllas
e Ll 5 0 Sl 5,95 1 slo i 5 3l b sla K8 eid saiaolis a8 oo apuloes
Ol eslos ) slojglias avubne L ilatdly aslsl ooy Jives 5 (A1 Sl S8 58 &) 500 Dl i 0]
olis Judow cpl sl oo 0,915 V/VA XV A NMyr™ ol Sldlle ddbate o oo of51 635,50 JS
g el ] o8 bbasls e Lol LS Jels a5 wilaie Sl sl o odle 45 wms oo
(>l ol Wsdioe lelid cal 1o Yl (giemo)) deily b (iblis gt @ 58 dilate By gt
o Julon (nl ggomme 5lajls S5 (6 i la i Con wed oo oo i Dlpa (LS ptew &5 0>
el Yl oS g plyge ezl plross; anle (bl jo (hasej) Yt 45 C8S Al Gl o
sl )3 SYL loj ) collad sanmslis adlase o oolog; slaaljly (oo 35 0 (Gamangy (mizmen
A3l ple yo polie Glacsloy; Cosi 5 (JuS Sloatss 3305 &jgp0 p lbatdly (pl ool )2 Jlod

DS oo 0T Sl 3blis 55 o%ga

135wl

S5l 213 5 o5y o Culom (sl ()8 gl olKsils I 095 (Gloj08 5 el il Bty
Slr Gogare Loy dpw 750 Sl 5 3llae [0S0l 5ol 350 Sl l Gizres 5 SRl celie sLAS
Ayl co el Alie ol g sode Ololgriny &5l

References

Abdullah, S. (1993). Seismic hazard assessment in the Islamic state of Afghanistan. The practice
of earthquake hazard assessment, IASPEI/ESC Publication, McGuire RK, ed, 284.
https://www.researchgate.net/publication/316643937

Abdullah, S. H., Chmyriov, V. M., & Dronov, V. I. (2008). Geology and mineral resources of
Afghanistan. https://nora.nerc.ac.uk/id/eprint/3723

Ambraseys, N. N., Melville, C. (1982). A seismic history of Persian earthquakes. Cambridge:
Cambridge University Press. https://doi.org/10.1002/eqe.4290110412

Bayrak, Y., & Bayrak, E. (2012). Regional variations and correlations of Gutenberg—Richter
parameters and fractal dimension for the different seismogenic zones in Western
Anatolia. Journal of Asian Earth Sciences, 58, 98-107.
http://dx.doi.org/10.1016/j.jseaes.2012.06.018

Bayrak, Y., & Oztiirk, S. (2004). Spatial and temporal variations of the aftershock sequence of
the 1999 Izmit and Duzce -earthquake. Earth Planets Space, 56, 933-944.
https://doi.org/10.1186/BF03351791


https://www.researchgate.net/publication/316643937
https://nora.nerc.ac.uk/id/eprint/3723
https://doi.org/10.1002/eqe.4290110412
http://dx.doi.org/10.1016/j.jseaes.2012.06.018
https://doi.org/10.1186/BF03351791

v gs‘)‘j 9 (§9ox0
w2 QU @8 50 Olyd S G305 Ol (2L

Bridges, D. L., & Gao, S. S. (2006). Spatial variation of seismic b-values beneath Makushin
Volcano, Unalaska Island, Alaska. Earth and Planetary Science Letters, 245(1-2), 408-415.
https://doi.org/10.1016/j.epsl.2006.03.010

Charchi, A., Khatib, M. M., Mozafarkhah, M., & Barjasteh, A. (2011). Fractal analysis for
determination of Tectonic activity in the north of Lali, NE Khuzestan. Advanced Applied
Geology, 1(1), 37-47. [In Persian] https://aag.scu.ac.ir/article_11542.htm|?

Cheng, Q., Agterberg, F. P., & Ballantyne, S. B. (1994). The separation of geochemical anomalies
from background by fractal methods. Journal of Geochemical exploration, 51(2), 109-130.
https://doi.org/10.1016/0375-6742(94)90013-2

Dimiri, V. P. (2000). Application of fractals in the earth sciences. CRC Press, A Balkema
Publishers.

Fadami, M., Zarei, S., & Ashkpoor Motlagh, S. (2021). The Seismicity Dissimilarity Investigation
of Khuzestan in the Southwest of Zagros using by Fractal Analysis. Bulletin of Earthquake
Science and Engineering, 8(3), 1-15. [In Persian]
https://doi.org/10.48303/bese.2021.245995

Hubbard, J., & Bradley, K. (2023). Two magnitude 6.3 earthquakes strike northwestern
Afghanistan. Earthquake Insights. https://doi.org/10.62481/5776¢220

Kanamori, H. (1977). Seismic and aseismic slip along subduction zones and their tectonic
implications. Island Arcs, Deep Sea Trenches and Back-Arc Basins, 1, 163-174.
https://doi.org/10.1029/ME001p0163

Nanjo, K., & Nagahama, H. (2004). Fractal properties of spatial distributions of aftershocks and
active faults. Chaos, Solitons & Fractals, 19(2), 387-397. https://doi.org/10.1016/S0960-
0779(03)00051-1

Oncel, A. 0., & Wilson, T. (2004). Correlation of seismotectonic variables and GPS strain
measurements in western Turkey. Journal of Geophysical Research: Solid Earth, 109(B11).
https://doi.org/10.1029/2004JB003101

Oncel, A. 0., & Wilson, T. H. (2002). Space-time correlations of seismotectonic parameters:
Examples from Japan and from Turkey preceding the Izmit earthquake. Bulletin of the
Seismological Society of America, 92(1), 339-349. https://doi.org/10.1785/0120000844

Pal, P. K. (2008). Geomorphological, Fractal Dimension and b-Value Mapping in Northeast
India. The Journal of Indian Geophysical Union, 12, 41-54,
https://api.semanticscholar.org/CorpusID: 73582101

Pan, Z., Yun, Z., & Shao, Z. (2020). Contemporary crustal deformation of Northeast Tibet from
geodetic investigations and a comparison between the seismic and geodetic moment release
rates. Physics of the Earth and Planetary Interiors, 304, 106489.
https://doi.org/10.1016/j.pepi.2020.106489

Rashidi, A., Khatib, M. M., Mosavi, S. M., & Jamor, Y. (2017). Estimation of the active faults,
based on Seismic, geologic and geodetic moment rates in the South and West of Lut
block. Scientific Quarterly Journal of Geosciences, 26(104), 211-222. [In Persian]
https://doi.org/10.22071/gsj.2017.50265


https://doi.org/10.1016/j.epsl.2006.03.010
https://aag.scu.ac.ir/article_11542.html?
https://doi.org/10.1016/0375-6742(94)90013-2
https://doi.org/10.48303/bese.2021.245995
https://doi.org/10.62481/5776c220
https://doi.org/10.1029/ME001p0163
https://doi.org/10.1016/S0960-0779(03)00051-1
https://doi.org/10.1016/S0960-0779(03)00051-1
https://ui.adsabs.harvard.edu/link_gateway/2004JGRB..10911306O/doi:10.1029/2004JB003101
https://doi.org/10.1785/0120000844
https://api.semanticscholar.org/CorpusID:73582101
https://doi.org/10.1016/j.pepi.2020.106489
https://doi.org/10.22071/gsj.2017.50265

\F+¥ )Lq.g Al o)w IF u\.L‘> “;Iaw ._,I}b[’m 3 L'-")’-’ m}m.’ aA

Roumina, A., Zarei, S., Mansouri, S. R., & Azadijou, O. (2023). Seismic distribution in the south
of Zagros using the statistical correlation between b-Value and fractal dimension. Iranian
Journal of Geophysics, 17(1), 89-107. [In Persian]
https://doi.org/10.30499/ijg.2022.335123.1413

Scholz, C. H. (1968). The frequency-magnitude relation of micro fracturing in rock and its
relation to earthquakes. Bulletin of the Seismological Society of America, 58(1), 399-415.
https://doi.org/10.1785/BSSA0580010399

Shnizai, Z. (2020). Mapping of active and presumed active faults in Afghanistan by interpretation
of l-arcsecond SRTM anaglyph images. Journal of Seismology, 24(6), 1131-1157.
https://doi.org/10.1007/s10950-020-09933-4

Siehl, A. (2017). Structural setting and evolution of the Afghan orogenic segment-a
review. Geological ~ Society, London, Special Publications, 427(1), 57-88.
https://doi.org/10.1144/SP427.8

Singh, A. P., Mishra, O. P., Kumar, D., Kumar, S., & Yadav, R. B. S. (2012). Spatial variation of
the aftershock activity across the Kachchh Rift Basin and its seismotectonic
implications. Journal of Earth System Science, 121, 439-451.
https://doi.org/10.1007/s12040-012-0175-9

Tavakoli Zadeh, N., Rahimi, B., Ghaemi, F. (2016). The study of seismotectonics and asperities
in Zagros through the b-value parameter. 34th National and the 2nd International
Geosciences Congress.[In Persian]

Tosi, P., De Rubeis, V., Loreto, V., & Pietronero, L. (2008). Space-time correlation of
earthquakes. Geophysical Journal International, 173(3), 932-941.
https://doi.org/10.1111/j.1365-246X.2008.03770.x

Treloar, P. J., & lzatt, C. N. (1993). Tectonics of the Himalayan collision between the Indian plate
and the Afghan block: A synthesis. Geological Society, London, Special
Publications, 74(1), 69-87. https://doi.org/10.1144/GSL.SP.1993.074.01.06

Turcotte, D. L. (1997). Fractals and Chaos in Geology and Geophysics. New York: Cambridge
University Press. https://doi.org/10.1017/CB09781139174695

Wyss, M. (1973). Towards a physical understanding of the earthquake frequency
distribution. Geophysical Journal International, 31(4), 341-359.
https://doi.org/10.1111/j.1365-246X.1973.tb06506.x

Yadav, R. B. S., Gahalaut, V. K., Chopra, S., & Shan, B. (2012). Tectonic implications and
seismicity triggering during the 2008 Baluchistan, Pakistan earthquake sequence. Journal
of Asian Earth Sciences, 45, 167-178. https://doi.org/10.1016/].jseaes.2011.10.003

Zarei, S., Khatib, M. M., Zare, M., & Moussavi, S. M. (2020). Estimation of the Seismicity
Potential, Based on Geodetic, Seismic, and Geological Moment Rate in the Lut
Block. Bulletin of Earthquake Science and Engineering, 7(1), 15-36. [In Persian]
https://www.bese.ir/article_240420.html


https://doi.org/10.30499/ijg.2022.335123.1413
https://doi.org/10.1785/BSSA0580010399
https://doi.org/10.1007/s10950-020-09933-4
http://dx.doi.org/10.1144/SP427.8
https://doi.org/10.1007/s12040-012-0175-9
https://doi.org/10.1111/j.1365-246X.2008.03770.x
https://doi.org/10.1144/GSL.SP.1993.074.01.06
https://doi.org/10.1017/CBO9781139174695
https://doi.org/10.1111/j.1365-246X.1973.tb06506.x
https://doi.org/10.1016/j.jseaes.2011.10.003
https://www.bese.ir/article_240420.html

	5-Mohammadi
	5-magazine-Mohammadi

