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2. Fractus

3. Dimension

4. Seismotectonic
5. Epicenter
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6. maximum likelihood method

7. least-square method

8. minimum magnitude of completeness
9. Maximum curvature method
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10. Pixel
11. Paleoseismology
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12. Kinematic


https://ndea10.khu.ac.ir/jsci/article-1-1728-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

A Ol 350 5l o JIS 5 sl el )y lad s

Lao; Jomes &85 Olo 5 (De) oo Jiees 0silS's, S jsd JUS 8 olal D-value Jols a5 JLS 8 sla el )y
o s lade o dulns by oSy 51 S 5o 6l b ] Slolns slas polie g by el b ol Tl el (D)
58 el Cawsds /o) dga Dyg /oY B /o) oDe N G /o F o b-value gl ol p b Sy ples
03ga5te sl 00 00ls Lid digel lareds 0 Jipe 5l 8 4 bgsye (slo Sy 51 (o Dy g De &g Al ¥ S
bos Jirmes E989 Oloj @ig 9 sk ¥ BV o900 (o oSy 55T ) o Jine 00989, @je (soiaomlide
FogkS Feglaoj Jie; 9y, Slas Lawgio foghS Y Canl 1is 3 59, VAT B dg0e Sl e Sy 25T 50
Gl A B0 Sl Ss) ad ans byl onl S Slais sbeacd Coles 5o ol b oSy slul pau 9
(O JS8) &5 5 0ad (g ABlate oy (e 39 Sl cnl @S g SPes) 6l (o n
-adss ol g 5l Sy ole wiz (Q) los ) il T 957y oLt 0 S 3l iy o)) S (o
2 Sz sleoj iy ool Slawi g YooV B Y slalo G (C) sy 5| 5,5 lrojlime; slo

(A JS8) cnl ligs o6 J=lo

1
10 = 10
R = [0.46; 1940.15] R: =|7.18; 38.01 .
D o0 wrb0r ) (@ Dt o (aJ!
s s
= &
e o
s =
= g 10 fole]
g Y
E =
= 10" =
£ §
= s
= =10
@ ¥ )
=107 £
=]
&) Q
(e}
3 4
10 107
107 10’ 10° 10" 10’ 10' 10°
Time [day] Distance R [km]|

Dy (w 9D; ()l Dy g Dgjl gleigns .F JSis

3am (@ 0y oo 3l Jud (. slo) ) sabgs Bis j Liwy D-value SlKe ol s glaaids & JSib
o) o) 09l o ybw ((HolS (Fure BLILST g (ol pymo ) lojlu 31 did )5 ) b JuuS 30,8 bghas .05 Jimme


https://ndea10.khu.ac.ir/jsci/article-1-1728-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

b a3 (s slaaiily WA il 5l ) oyl ) al> e

(ols oISl pole a,25)

) oo 3 Ju (A1 :(declustered) gloy sbadigs Bis 1 g D-value Sle ol puts gboainds & Ji
0PI g 0 )lw (55l Furo BLEUIST 9 (cuwlidoirmo slojlw 1 4,5 ) Wy JuuS 30,8 bglas o) o I o (@
SRS

518 519 62 521 522 23 524 55 626

31 48,5 ) b JuuS' 30,8 bglas o) Jimmo) 1 am (@ c0) Jimo) 51 o (W De (G0 Ol ot (ol ¥ sl
05003 0P gy 0 )lw ((HghS (Fumo BLLST g (wliodoipmoy (ylojluv

|
515 516 517

515 516 617 518 519 52 521 522 523 524 535 526

515 516 517 518 519 8 521 522 523 524 525 526 §15 16 517 518 519 62 521 522 523 524 525 526

1 a8 )5 ) B S 30,8 bglas .0 o 3 s (@ 03 irmo 3 b (AN:Dyp (G0 O i (soalids A S
05003 0P gy 0 )lw ((HgS (Fumo BLLIST g (wlidsipmoy (ylojluw



https://ndea10.khu.ac.ir/jsci/article-1-1728-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

e Ol 350 5l o JIS 5 sl el )y lad s

534, & w
Fots HRERL b
g0 Tieeie L ,% 2 T ragiea
o o & e o
S8 0% L&
525{° *% @
&2, el 4 P . 2 s R e
Do ng o200 * ol 0l P o e o o eue P oy o 30w 28 oo
°© CHEERE N '%0%6 o o o N 8 5 oo 0 e s o & g2 AR TIN k¥ S 0 1<)
@ L} o S Q %00 %0
g sm{o 0% 03<M<4
@ N Jaygee . oo one’ ogQ . 3% T °8 5 o0 oot et e, o
v o8 8% & o P oy ¢ AR S B8 R . WD 045M<5.5
5151 02%, oqoa .
° g ]
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Time (Y)
) slos P SinolsT Q g6)dirmo) laaiias C oygilsg; o ylinw touud (o y p 899020 (yloj (41K — jlog05 A S
aBd 0 lis

b-value
O polis oy 308 a5 (WO JSE) Cawl puas ;0 VT B /Y o jemS—oal o) J i) 5l in D-value laze
5 S yen i Olejm e Hloged 4y gl b 098 oo csalive (39S, (eliogix B jalsJled 5 jols Cae o
(A JS2) a8k aejm S FS5 oy ) slaadss S92g o o) iy 5 e 3 crl 00 2l crl oo
m i) 5 i DVAIUE ot (oS Gl aiiles o 50 50 slog,) el T ob g boadies aa a5 wlesls flas Slisiss
Gitu 0 o) e (S 4 S e uis VOO b /PO oy D-value o) s 5 aw LRV VY] g o5
5057 JoF Sllge 4 g 53l sls sws, Loy o5 (1P0 o B JSE) 3980 onalie (585, (ope Jled
~omey Olej 50 G 5 Sl3T 5 o J gy b 8T Cleas Gla | 0,99 cnl 0 D-VAIUE (390 o5 )l 4928
G ol 5 Sgdicn oualia 3 03 Jmey 1 o054t o oS jsbles el [FY] oo Jm JIgs o 5 05

(O JS8) sl oogs oby 03 ey oo

. PGA Shake Map of Kojur - Firoozabad Earthquake of May 28, 2004

cm\s\s

510 515
East L itude
10AAAS paaw y
A o ks g
5w 32 g ySamno Oy et -
R M 03 o3 o3 ) AL
Olas b Glidas 55y

oS 9

(5o 3 oMot o i 55 30 Y8,y 5,135 51 4355 ) 5950l 05 Yo (o3 ) & 1o JSC

Cawdds glojy) sloaias Bi> 5l s 45 dioj e Sp0),) 4 by D-value a5 as ol 4 axgi b

AL e w0 B> Woodls o 5l (o)) 5 05 k) bades b s lis |y bollass Jore Wiy oo ‘..xﬂu_a

13. Shake map


https://ndea10.khu.ac.ir/jsci/article-1-1728-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

libime) 50 (g5 sloazily WA Ll 55l ) olad o) alr LR

(o olSls psle o, 2)
e s slaadds (F JSb) o ey 00l dcgazma (pl (slp 05 0pe; 5l dm g S8 D-value JlSe ol ,ss
b- a5 5 abay wl (loj ) o L oljen die) ) JolS sloools dcgomme alie (gogu> Ul b oyl

ol 673l ,5 Sgon s Gl 05, B399 0 value

SUS 58 ol

5 Sl Sl Ol g oy 5o anadeS 4 (o9 el (JBS B ol (Shg (nSeee sl Senl 4 4z L
s 05 gy 5105, Gloaiiss B3> auy bools acgarme Dy 5 D JLS 5 olal SlSe &l s sloaiis
-0 olid HelSy, Bogame ;o |, VT Lo, Jlade a5 Cewl oS VP B AL o 0o 5l i De S
B) oo gy (smoleiio 8,008 50 ooy iy (SauSTy 8aS lo 0,90 cpl ;0 De yogr ol (@l Vo) awo
Olpend sbasss alie ol )l pl lade wad oo cdmlive Sl Ol sy atd o a5 s ol (Feghs T
Ll o5 5559, (5,515 w0 b-value Sl

JSo) sl IV T Jlade y6ilSTy, Bagasa o aS PRUL OISV I B IRV A SUVUITSIN VS 00 B ISC OV PRV
05 s, ysls Ceoms o (WY 5 Gl O s Ss) ;K sl g alie el ol polie o 5eS Ll (all A
—oads (5,55 idu 0 De g b-value zals cel a5 slaaiss led sy oo yaiay (+/F 0505) 04 0 oalie
el i ol 5o e Jisees les 35 08 BaiiS ol all ol o o8 lesls zalS 551, Dy ol

Loy o0V JS8) sl 3y lized (9ilS5) 50 S on 5osi3 VOO b JP0 e o De e w0 Jine 51 n
o D sl jlade ol S5 s o 535 2 Waoj Jime) o 0asSTyy Jedoar sy cnl g ok (VY0
EURIUOWR O3 1) PR IR PURSN PU S (U N L O+ RVIESUSRY A FAIPVRPH L PSR KPR C SNSRI L SR ROUES SRS A VA IR
oS 63l G 5o Di e ooy cnl o canls ooy Jm 009 sladgs 5l Sl lyige 1y 05 ime 31 i
0P 9y S S )3 Laoj Jom @ead Baasplis g diluiee hled 1) 03 m slaadss S 5e5 a5 ]
Lol H32S—0aly o) Jiyae

b o S 0 sl rFes) Gl o) sl IS B sla il (S Sl paghy ol o
ol b ol ool ks dilaie o bo b Conge b o] Cowsty gl S5 locaie,) Condy clis sl
“ogr U gle Jled) ygls (A 50 0ad (o JUS B sla el )l i o)) e 5l Gt oS 0l (LAS B
Jsb) (ol o3 i o9l8y, Hol> ddlaie )3 a5 amsse las Glejm e Jloges (o p o Eel 05T 055 (s>
ool 090 sloosJome; 55 Lan a5 3l sy sloj Joma; aigs solass (42,3 OF b OY Ll sla
Jbo 5D kel Sed sl 5H S Jlo VIO sga> sloj ) slaadss cul sy, canl aiej . Sols> 5l o
50 JUS 8 o ol o5 o5 (ol 1 Lo (] USE) cnl 00,8 oy aslol o1l B ole s b g oo Eopo (Yo oV
o 3l 5SS oy i) slaalsS (red S92g 4 Glei oo 1) He2S—oul o) Jimes 5l i (99, HolS oo
m05)) Ol 1l o) Jirme; 195y, Bagame o dalol o ols G ()T I e S SsS Sl Jie) 3 5 Ak

S 59355, b3game jo JUS 3 (slo il )l jog 5t sy oo Sl 050 co cdmlive (loj,) u‘t,.al)—l) S


https://ndea10.khu.ac.ir/jsci/article-1-1728-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

v Il 35 50 5o JUS 5 sla el ly olisb i

Gnadgs 4 JES B sl ol )ly 05 (el BaieoGlis gl ggazme jo ko prenay o 5 Ceo &
-05 oy los)) sl S iy lagiessy sl plsiear Gls gl 5l asls 45wl baoj J e Gloj 5 S
2,5 oolaiwl S5 sl

b- ahl Jlade ol o1 b 5l Oglite jlaws j92S=oal o) i) 5l o JESE slo el @5 (555l
Pam byl cal gogr o5 ool o5 653l y5l s, b 655 L i 5 09, Sogame yo D 5 value
99 95 58 050y 593 ALK el Loy I 50 5 03 00mes le 5o R (o O3 Jdsas 05 ) e
Sl s gloands 55 sloy ) laaiasr Bis 3l s (Ve JS8) awo co lis i cpl jo 1y 05, pe) Coud
olas 1) b-value Suil lade (sloj) sloaiss b ol pod dio; p) JolS (slaosls acgame aline b-value JiSs
5ok e De (052 0bj g b-value pog o5 ool ol plizpe (ol Sod ol 5l am De Ll ams o
D20 oo lid aslaie o ) g0, codlsd

‘54"0)45 3 ’Lb 3y
Sl Budzd Cpl 0 odd ool ools degasme ol |3 LeSl o Ldoay ol e oKisls S g5y dummo
oS (5
&lw

1. Mandelbrot B.B., "Stochastic models for the earth’s relief, the shape and the fractal
dimension of the coastlines, and the number-area rule for island", Proceedings National
Academy of Sciences, 72 (1975) 3825-3828.

2. Kagan Y.Y., Knopoff L., "Spatial distribution of earthquakes: The two-point correlation
function", Geophysic Journal of Royal Astronomical Society, 62 (1980) 303-320.

3. Oncel A.O., Main 1., Alptekin O., Cowie P., "Spatial variation of the fractal properties of
seismicity in the Anatolian fault zones", Tectonophysic, 257 (1996) 189-202.

4. Bhattacharya P.M., Kayal J.R., "Mapping the b-Value and its Correlation with the Fractal
Dimension in the Northeast Region of India", Journal Geological Society of India, 62 (2003)
680-695.

5. Roy P.N.S., Nath S.K., "Precursory correlation dimensions for three great earthquakes",
Current Science, 93: 11 (2007) 1522-1529.

6. Frohlich C., Davis S., "Teleseismic b values: Or", much ado about 1.0, Journal Geophysic
Resserch, 98 (1993) 631-644.

7. Wiemer S., Wyss M., "Mapping the frequency-magnitude distribution in asperities: An
improved technique to calculate recurrence times?", Journal of Geophysical Resserch, 102

(1997) 15115-15128.


https://ndea10.khu.ac.ir/jsci/article-1-1728-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

b a3 (s slaaiily WA il 5l ) oyl ) al> A

(235 oS8l psle 4,23)

8. Schorlemmer D., Wiemer S., Wyss M., "Variations in earthquake-size distribution across
different stress regimes”, Nature, 437 (2005) 539-542.

9. Lin J.Y., Sibuet J.C., Lee C.S., Hsu S.K., Klingelhoefer F., "Spatial variations in the
frequency-magnitude distribution of earthquakes in the southwestern Okinawa Trough",
Earth Planets Space, 59 (2007) 221-225.

10. ISC, International Seismological Center, Newbury, Berkshire, United Kingdom (2011).

11. Tatar M., Jackson J., Hatzfeld D., Bergman E., "The 2004 May 28 Baladeh earthquake (Mw
6.2) in the Alborz, Iran: overthrusting the South Caspian Basin margin, partitioning of
oblique convergence and the seismic hazard of Tehran", Geophysic Journal International,
170 (2007) 249-261.

12. Harvard Seismology (HRVD), CMT catalogue, http:// www. Seismology. Harvard. edu/
CMT catalog search. Html (2011).

13. Gheitanchi M.R., "Source characteristics of the 28" May 2004 Baladeh-Kojour destructive
earthquake in central Alborz", revealed from far field waveform data, Geology Science, 58
(2005) 154-163.

14. Motaghi Kh., Hessami Kh., Tatar M., "Pattern recognition of major asperities using local
recurrence time in Alborz Mountains", Northern Iran, Journal of Seismology, 14 (2010) 787-
802.

15. Oncel A.O., Alptekin O., Main I., "Temporal variation of the fractal properties of seismicity
in the western part of the north Anatolian fault zone: possible artifacts due to improvements
in station coverage", Nonlinear Process. Geophysics, 2 (1995) 147-157.

16. Oztiirk S., "Characteristics of Seismic Activity in the Western, Central and Eastern Parts of
the North Anatolian Fault Zone", Turkey: Temporal and Spatial Analysis, Acta Geophysic,
59 (2011) 209-238.

17. Gutenberg B., Richter C.F., "Seismicity of the Earth and Associated Phenomena”, Princeton
Uni. Press. Princeton, New Jersey (1954).

18. Turcotte D.L., "Fractals and chaos in geology and geophysics”, Cambridge, (1997).

19. Aki K., "Maximum likelihood estimate of b in the formula log N = a-bM and its confidence

limits", Bulletin Earthquake Resserch Institute University of Tokyo, 43 (1965) 237-239.


https://ndea10.khu.ac.ir/jsci/article-1-1728-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

14 Il 35 50 5o JUS 5 sla el ly olisb i

20. Wiemer S., Wyss M., "Minimum magnitude of completeness in earthquake catalogs:
examples from Alaska, the western United States, and Japan", Bulletin of the Seismological
Society of America 90:4 (2000) 859-869.

21. Wiemer S., "A software package to analyze seismicity: ZMAP", Seismological Resserch
Letters, 72 (2001) 373-382.

22. Murase K., "A Characteristic Change in Fractal Dimension Prior to the 2003 Tokachi-oki
Earthquake (MJ = 8.0), Hokkaido, Northern Japan", Earth Planets Space, 56 (2004) 401-405.

23. Ch-Ch. Chen, W-Ch. Wang, Y-F. Chang, Y-M. Wu, Y-H. Lee, "A correlation between the
b-value and the fractal dimension from the aftershock sequence of the 1999 Chi-Chi,
Taiwan", earthquake. Geophysic Journal International, 167 (2006) 1215-1219.

24. Kagan Y.Y., "Earthquake spatial distribution: the correlation dimension", Geophysic Journal
Internatinal, 168 (2007) 1175-1194.

25. Grassberger P., Procaccia I., "Measuring the strangeness of strange attractors", Physica D, 9
(1983) 189-208.

26. IRSC, "Iranian Seismological Center, Institude of Geophysics", University of Tehran (2011).

27. Smith L.A., "Intrinsic limits on dimension calculations", Physics Letters 133 (1988) 283-
288.

28. Ambraseys N.N., Melville C.P., "A history of persian earthquakes", Cambridge University
Press, UK (1982).

29. Berberian M., Yeats R.S., "Patterns of historical earthquake rupture in the Iranian Plateau”,
Bulletin of the Seismological Society of America, 89 (1999) 120-139.

30. Berberian M., Yeats R.S., "Contribution of archeaological data to studies of earthquake
history in the Iranian Plateau", Journal of Structural Geology, 23 (2001) 563-584.

31. Peyret M., Djamour Y., Rizza M., Ritz J.F., Hurtrez J.E., Goudarz M.A., Nankali H., Chéry
J., K. Le. Dortz, F. Uri, "Monitoring of the large slow Kahrod landslide in Alborz mountain
range (Iran) by GPS and SAR interferometry", Engineering Geology, 100 (2008) 131-141.

32. Engdahl E.R., Jackson J.A., Myers S.C., Bergman E.A., Priestley K., "Relocation and
assessment of seismicity in the Iran region™, Geophysic Journal International, 167 (2006)
761-778.

33. Jackson J., Priestley K., Allen M., Berberian M., "Active tectonics of the south Caspian
basin", Geophysic Journal International, 148 (2002) 214-245.


https://ndea10.khu.ac.ir/jsci/article-1-1728-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-11 ]

it 5 g csloaily VWAF Gl 5l ) o)lad ) al> ve

(235 oS8l psle 4,23)

34. Djamour Y., Vernant Ph., Bayer R., Nankali H.R., Ritz J-F., Hinderer J., Hatam Y., Luck
B., Moigne N.L., Sedighi M., Khorrami F., "GPS and gravity constraints on continental
deformation in the Alborz mountain range, Iran", Geophysic Journal International, doi:
10.1111/j.1365 -246X.2010.04811.x (2010) 1-15.

35. Ritz J.F., Nazari H., Ghassemi A., Salamati R., Shafei A., Solaymani S., Vernant P., "Active
transtension inside central Alborz; a new insight into northern Iran-southern Caspian
geodynamics", Geological Society of America, 34 (2006) 477-480.

36. "Geological Survey of Iran", Amol. Geological Survey of Iran, Tehran, scale 1:250,000
(1991a).

37. "Geological Survey of Iran", Sari. Geological Survey of Iran, Tehran, scale 1:250,000
(1991b).

38. Allen M.B., Ghassemi M.R., Shahrabi M., Qorashi M., "Accommodation of late Cenozoic
oblique shortening in the Alborz range, northern Iran", J. Struct. Geol., 25 (2003) 659-672.
39. Berberian M., "The southern Caspian: a compressional depression floored by a trapped",

modified oceanic crust, Canadian Journal of Earth Science, 20 (1983) 163-183.

40. Berberian M., Qorashi M., Jackson J.A., Priestley K., Wallace T., "The Rudbar-Tarom
earhtquake of 20 June 1990 in NW Persia-preliminary field and seismological observations,
and its tectonic significance", Bulletin of the Seismological Society of America, 82 (1992)
1726-1755.

41. Agh-Atabai M., Mirabedini M., "Temporal variations of the seismicity parameters in the
Central Alborz, Iran", Acta Geophysics (impress) (2013).

42. Mandal P., Rodkin M., "Seismic imaging of the 2001 Bhuj Mw7.7 earthquake source zone:
b-value, fractal dimension and seismic velocity tomography studies”, Tectonophysics, 512

(2011) 1-11.


https://ndea10.khu.ac.ir/jsci/article-1-1728-en.html
http://www.tcpdf.org

