DOI: 10.30499/ijg.2021.296149.1346 (SBsp JEe) 1M1= 10) domdo g+« & osled )0 Ao (Ol gl & 39955 Ao

Olpl diwgy S i wlal 1050 0pm0) £989 &5 3,90

T ol oo 5 T i e < il Lo e

Ol oot il i 5 ooilis a5 olSitng s 15,350 (spmmitily]
ot 5 sl i 5 ol a3l Mall s olSengsy sl
g i3 ETH (0,20 Ly gima”

O e[S A cpdy VEe o[- 0) Y 1dly o)

e AS>

el JLw Yore BV eve 5l Gy S (slnoj i €Sl oy o)) (2l it 53 48 sl oz 5 jidoj)) gbolio 51 (S ol M
LaS Ul (pl sy culilhs 9,05 00 S0 (Slojy) (SlaS IS 5o andad (clioj e slol Sl oozl L oj ) cme e85 &5 25l 2 e
S i S0 Jope dorily CutS b oyg> daS LIS (95 JolS g lalge sl SalingBly 35 £5g &5 2y9lp chidl o Cundly 4
- pis (il pslatedy 9 g0 Woj e 98 € akae (e 0yl el (o do 3900 1) (BT adlisS alSas <
S 55 ol (39 )9 45 595 oo o3litol Blidngs (g5 sla e jl 039 p0l ol du dlesiel y2aljdl g bnoj Jewes £989 £ 259 0 )3 29290 (sl
L lagyo Bluwo el g (il (]38l ce b ailg oo (g slodde cpl .ol (S50955 g (omolid (0 (535003 SleMbl aile laosls

S e Jaco @l 5l jlaio culely sl Ll gl (gl ol gy JSb s 1 e £589 €5 05900 Gl n) ) B werb
4 IS i SleMbl jl adelcwsds 55,5 addllas cpl )3 ol dtwgy (i5)S F 5 o] (ol (39,8 45 b eolil lpl M zels
e Sesily 985 €55 3,91 s Ly USd i 2 e 589 €5 Al -l 03 o5 e Jie E585 E5 o 9 105 loe
SPUE 1 (e 989 £5 5l (e S i 2 (ine 989 £ oIl Clocwejoj)) slacdll ples 3 ams oo lii 39290 (Sl SIS

Al azsly dojy) as 590 gl 3 (o pSadn b Ly o 48

05 w0 E89 &5 e bS5 eslosy plos E (IS pui o ol M 1 g lS sy

h.zafarani@iiees .ac.ir tlal y 0,5



VP O o e 10 W 0311 S 58 555 dlres

OSan 5 ik 0¥

5 —auln e Y18 Ol Sn 5 Obsyslas €Y 10
3l (YO OS5 Ol 5 Y VA O Kn
EB95 i Sl S o3b op S (Yoo A) O, Ken
0L 503 8 s 15 0L S5 53 iedas o 5
WJL PV gf;ga,};w\g;w,@sj%vum
£553 5 i Sl medaline Lo 158 1Y (ST
P Sl @YY Calid e Lo
s sl a Bl (sl Cleb el 1 fims
PREJCSEN P SO PG S RIS S o
SRS TIPS WY CI i SO PR S ENE
Er i el g dins i 80s e 18 ol
(V488 (i) L Ol an S 0 e £ 585
SLa oS a5 ool y slaos ) ) Lomd go (Skisdtns
> e Sla e i RS Jaled eias0LES 55 sl
01848 O1LSn 5 55 5le 514 (sl 5 S o
Ol o, s Doty (K58 Sl gjluand (omen
553 F S S SV 5 Jomb Ams
A o sl 5 el IS 3T 685 sl S s
35 a8 s Sl e ) £ 5 b e )
(g el Y? OLea 5 0bs,las)
Gl 5 (rliB Ol ¢ (oalidof sy s Sl
SO O 5 a5,les) Ol l SN 5 S
OLHLSer 5 5,5 6Y V) Yoo @ Ol 5 55,50
(TP O 5 0L Y VP Ol Y0 VF (Y oY
Wl o 555 sbo S e s S 3o 3 das oo OLS
A EER WAL X WA A JV-1 A0S I PP -
Jm;)w;nwhm)@,@u}jn~\°crL@Lﬁ
Jlwes domas s (YN (ST 5 0L ) Jomie V440
0093 b (glaalis ) Slaisad 53 (Y0 Obpp) @ YooY
SlacS JUKET I taan Al Sl a i <2850
Slaes Jope 5l (oS dldad (g5l 45T Dikaoli S (glo )

Gloes dones g 555 5251 1 Sl cditn &5

Aoddo )
oVl oS il b L S (K05 o
e Olgar el ys Jle 5 Sl Ol Ol )l
S Eela¥lo Laoj J ) ] OB 35 345 o
505555 el) Ls Olgar uls e 53 o5 158 WV Od
=T o) ) Ly oS 53 @Bls 0l M (Yo ¥
4S el Ol 53 e 3 b bl 51 (S Ules
Sy g ¥ o Y Ol e 5 ,UL) 3,05 ooy 5l e
Sl Y (0S5 LSO Y F O Ses
WOHLSKen 56 55 5 YV OIS 5 o5L1T 5L
ailata 5 01l 53 e 585 55 Slae J e 31L(Y Y
o,La! (My V/¥) 535, V480 Jloo J i 4 Ol g5 oo
Oab Ll m g oyl P QUi eSS Cel &S 5 S
=V b o) e e A 5 R 00
=359 5 A YT el O alS Celb (M, #/0)
SY Ve S 5 0L ) s Y s
Ol bslas ) ol (O Y V8 OLSan 5 OLs sl
Sl o3 o 3 36 Slazl sla st 5557 5 das oo
23 Cand Sl (S50 Gkt SalS (G,
el Jo s Gl Oljlas Jlasl Ol e o5
L TH6 (6 sy s 2alS las il gl ol 558 oa
o) Bomed A3 6305 Sl 0T o a5 2L
los A ks 2557 sladias ol s e To sor s
B B 53 e a8 bl QLS s Ll
Shlwst GalS Cgar $impanliy 5 Aies o) 5
k) il e bl OT 5505 ) e g 585 51 (50
YA

Er 25T Rl S e SV cesSL 5 S
SLacS JUIS 5 o oslizal Laos o ¢ 535
S JU g ol Lao s n ) Sl 5 s
ssles A plie i o 53 (ol B bej Sy JulS

AR \’Fcob\_(‘s.hj-k_l.:é) Sl a))u,:aj t"éj CJ"U-‘J’;



ov

Ol iy S i ol 05 s ¢ 85 5 2057

Slp WS EF 9 LU et 2ol Jo ¥
ol

3 el glaosls (Olygr LLE jLw i slen
Gloj ) Sladlas oSS (gloosls (Ol oM Sos 555
ST Lol a5 Lipd oo O pmime O SK5855 1
(syLadll93) Wb oo duslie sldodaliv glao) ) )
aws 93 51Ol ss o 1y (omalid s (slmosls (Y004
1y <S5 sble a5 sltls () 55 55T pazr Dladllas
L5 Il sl o8 Yimmn 5 ins oo 515 by 2
LS e Lol Ol OVl e 53 odiiosle dwlia
Vo F QLS 5 Oplazl eV e) ¢ uis 5 0L )
fY Y OLLSe 55 5 gaas 5 Y)Y O 5 )T
o83 )8 g5l g wdin Slasein o Slalas (Y
WS e gllis Ol ol Cadses Gblis 55 1) L JuS
P PTG RN A R P S P )
(s 3 o MBS el (S 0394 ¢ (ST 55
S E S il 5 01l S St addllas (s
3o oslinal 8 Sl s 5,8 5 5 S
3BT 01,0 531988 Jlu s Ll o o slas S oIl
OO Jled Ctls s 5 oS i (5 Dol llas o o
35 ol e slags ;S o1l 3l eslizul L ol )
o (Y00 Y ‘obl&@},uu).s_.:vfzrnr Jl
5 LA a0 ol SN0 ST (6l o ad sl slad s
slaosls lesliuwl L ol ol S (659 el S latns
5 0Lag Al Y Y OLIKen 5,00 i SO 55
o el Yoo OS5 Sl 6Y e Ol LSs
FRST) PR ) 2 TRLVN RRE 2 DRYRI B GUSPI P
TS INI Y3 RRT PRI P CUNPRSNTS R PRI NN
Fyryesvpor’ SR RIS CEEEY) TR ) S PRY N1 B UL GV
35 5 Y A OS5 S5 YO OIS
KCERR IR FICONY

3 e U ST 4 edsaslyl S Luw sladde

ol oo (YVF s S 9 ) e S5 Sdedls
(S 45 3m5 3 s 03 5 o sl ) slaS JUIS
T 0 i (e S ey 3l el 5 Lls Sl
- sbazel s Coal S GYlanl b Lo o
5 ldpma s Glaoss oy el A SL ails (6 AL
Wl SO b 15 @Bl ol S (N2 55
slresls bl 1 aS loj,d s o glados
SVl (gloj st Jde ol 0l #5151 S5 555
ol s el (V1) 0L Sn 5 Sa5le) 5L o 2
Selailane (i, S cr- 03,81 Cwsas gl Jds
S ST e lelw oK) WA glacoils
.J_5 osli_ul (Global Positioning System, GPS)
b polie 5 ol o e Ol 5 3050
L (Peak Ground Acceleration, PGA) - j olis
e Ol 53 zils e & JBIS ) 2 il
DY 510 B§ s 54 PGA slie 5 ol g o>
P o (mn diko 516 550 5 p3lie 51 2k iy
S s e DL ol g ol e Tz 05 ) e
Cils e b (el Gles 53 035 5T s,
Wl 5L 3590 Oz 1 5SS eslel ) slaeS B
S ey I 0155 e S5 Jle 51
Uniform California ) Ls a8 s, ey sl o5
CJ_JM |, (Earthquake Rupture Forecast, UCERF
UCERF I o a5Ls JSCo %5 gladis 5, S
Osols L JSs % Jus 4w UCERF3 5 . dis
358 ol e g ol e 5 (SS355 slaedls 035
o3l L UCERF Juke 5 .ol 6l 3oy ot e
Sdentils &5 5 ez ( IS o5 LS sl )
i 0335 &S b Lo ,alS 55 Laej ) e &
LS YV OS5 O 1) Sl 0l e

KQRRT-WRTIES FRV- WA PN 9 SRL WWRIFICOUN



VP O o e 10 W 0311 S 58 555 dlres

OSan 5 ik \0F

sla o8 i (Sl (ladids 5 ol g or
50555 Jo8 Sy 5 £ ek S g5
s gl &l o 350 o, 815 ool gls oS
3Lzl L (YY) O 5 (G Ol ol M6 3,5
23 03l Ju8 ol en 4| zes 0Lt (glaamins |
G U (B,5 5l esgdos 6l o1y (Jde (Dlmin 50
2 S Gble I eSilenn LT L isls €1 s oS
SCB) osr 35 ¢S s b oS > 5 0l ol G5 Jls
Ol bl Gble 4 coui 1y (South Caspian Basin,
OLLSKen 5 o955l 00l G yo gl tin S L5
Sl 5 oy 2 1y ol GLmesls (Y41 F)
o s A sl JoS i 531y 55 5 5 s5s el
S sla 8 31y S5 sla i ol s S
rl 03 s ST gLalid Gl STy (8 s (B4
La S ol o2& 5 (el glos ) 3l pw c3blie
©3ldn 3y 5 4 ST eOlil sdde Lyl 0l oS
Jus (S s olms 1y ool ol et 56 sl LS )
Wl 0 #5151 01 1 B, 558 SSlatw (4l 1 oamlis
O Sl = S b ladie gy 3 G Dlallas

S s gl Vs i 3l dge Sl
addllos gl g3de Jo g s sy o imls 5 N
= elrcans (ol adbie ¢S5 s b S8 g
Gilwdds gy ool gl a8 SV 5yl
6[-&&4.?3}_".-} Js Ol Ul le 5405 5505
o3Litl b a7 51 (5 o5 3 cadlate 53 S S
Cle s (Y e ls 35 Cans ccdos S b Jube
L gla S 5l sl sazme (s 3ladds (giluosle
(GNP S DS SO W gt W P AU RN
Wz 0 STy Sl 35 055 N0 il g o S0 K
ol iy 8 S8 OBl 53 (FuST 5 ol
5 S S S (oS ol gl B S
=5 a8 5l gl 4S5 S s (T ssny

Glvaab aiws 95 5 s o RS 1) Ol O
Jds s as il Sl ladae Jl s Kb o0
Slos 7S 51Ul ¢ S5 555 (laesls 03 03 28
33 Ol &S o Ol 1 M 035 0l S e 1 1,
Jlsb Calen (slas o8 55 JS IS8 1085 5wl
5 by e Y OS5 0l ,akd) uS o2l
TN ERY-RI B COUNPIN IR PPI TR RIBI O
SL sl Gl (O Y F) 0L 5 il cdle gl
Gladie Lol O ¢SCilaims s (gl Laosls oyl
G1aSs Sl ealital U olasl s S eslizul S s
O JVRN L CHI | SRPRIISUIINCHW | {25 (-t
e 3 Gliomis St Bl ol o 53 ol
Lo S oIl eSSy w5l 5o lam gy S
£33 4w sl 1l Olee bl 5 01l 5 il o >
Jles 58 S bl gl a5 dituan (glaikaie slade
Syl 5585 Sledbl 5 uled s asLw o),
Slaakie gbadde 53 01 pl Calises ailaie Cpber s e
Sheslizal L(Y+ o A) 0, 5 IS 5 ol o oy
Gla S e s aslis 5Ly ol o o 0ol
- o) S 4SSl S eslizud 5 o oS L (65 e
WOlaiS S i a3 5553 Sl (ol g Sl
JABREN chjj‘utaucal,uﬁ o 5
ol dge ol J S 51 o B3 55 1,y
03,5 JS wlelw b (Main Recent Fault, MRF)
AT e PA S Ol L S
JURTR g5 S RO 5 W S s S
Jlcd gl oyl Vs Sl e SV b slacs
S35 Sl (Y1) 0L 550 O ) 02
Ol sl oadls ol s o 4SSl onlizal L1, O 1 D6
Gl slie Glman Joe (Y1) JSSL Lisls 1,
adlate ol gla oS 5 05038 JuS A

Srosls 3l ostizal candllas 0T 31 Coas als 1,1 L S15



V00

Ol iy S i ol 05 s ¢ 85 5 2057

SIS s adaly (o8 Ll dad e 0 s
W on= b @38 nidslten o iy =8 58
:J;é‘)}TﬁQ‘}?d 1)6\55‘) Ols Cjc&;.w‘

M, = i(mo)jr:"‘“ f,, (MM, (m)dm, ¥)

b sl B3 L alres Jomes 85 55 AM,)
ate G55 M 5 (M) S 6855 51 36855
L los - me s a8 ol (sle ) Olas M (M) sl
5 Son ol el dal, by A8 e 55T M 85
2355 0 5,87, (14VA) (g, LIS

M, (m) =10°"¢ (*)

23 Glejd Oles fpadei gl p 0 Ll VO L L, C oS
(dyne.cm) s Slw— s 5 (NM) e — o5 o5 Ul
S 2 f (M) 50 5318 53700 3w
DS 55 w55 gl oS €5 sl p Jlasl
Db SR 5 ety ey =8 S

()

fm (m) — ﬂEXp[_ﬁ(m_mo)]
1—exp[=(Myex = Mp)]

Lol i, =858 mj5 oeb f=bIN10 &

Sl M s My f ST L) blgy e

SRS ESNS I\ﬁo LU 3 g 9o andllas 3 9o adbais

for my<m<mg,,,

Logd fds AMy) o Uls o ol oke Tty

PSS Ol s slailate (sle ) s o)) Coda
Ol s ) chin (laaaie sl el a S em s
I LT Ol e 5 Sl a8 g 5505 ) 5 S5
rne adlate S (61 od S (slae ) e 5 JBIS
(s KSVAAY 1440 VAL (Jggle 5 S 5 et
3 B i sl YN O S Y F
5l mmlin B S glmo ) e LT S M,

S e DYl Sl esliul U Ll g oo AM) s

AL B Sy e

e e s (S5l 65 3 L Ol N
(YN0 OLSKan 5 Oba i) Lps bt S
5 0L, 15 01l S S8 o5 Je o paler
S 0 (e OT 3 dis STl (Y4 10) 0, Kes
oty 4 gazes jloslazal L O 5l SN a5y ooy
Ol ol 5 il o8 b g 05 555 580 a5 il
el et Pl e oS ol
63555 Tl 0 i 35T o e (65 0 Ll B 5 25
T S ERGEN W W P Ly wj_&s 'st WJde oyl
WA 1S XY (Gl o is 5T par 33 g0 Sleb!
ol s el oy VY S5 55 5 JoS
EP 8RS E (Y10) 0L, 5 Obs,glus Jue
AT (@l o ol b S 353
e A S L e e elba T
2l 3ot 501E A  ( (SEa g5 slas
s Slallls o (e S5 s Sl
s (sl 0 03limal LT 31 Jite 53 457 ¢ wlidio ) )
23 g esls 1 Sl 3 slaw 1 eslawal (s S
4 S 0 kiS00l Sls ) J:..;S oslazl (Ol 5l Me
ke (65959 laesls 4 gaze ) osliiul (e sl
el (1 ksl Sl LY il o850

by, ¥

CJ‘:‘“‘;’J “U.JJQ:.“‘). t_}—;} CJ—’ JJjT_,g 6\]{ le e
ably jleslil L 25 87 cjj‘(mo ) slos ) Olee 55
:(Y"/\ ‘-’j{)}:j) &Lw‘ j.’.)

M, = 2(cz) uAMax(&,|,|&,].|& + &), )

S gy Lo gie e 3o S Y Culis (CZ) &S
Shade &, 58 ol andllan 3) 50 min Lo A
OIS 5 Ol gl i 25,8 Er 25l Lol

£33 5 g8 LOlan 5 402l QLS (Y20 Y)



VP O o e 10 W 0311 S 58 555 dlres

O 5 ik 08

RSV I\ P G
Jds Ol OB (gl 3 55 50 rpglgi e Jde
)oj Jimns Sl e Cmoler 3o dialyl NS5
5 = 5) sl (Global Earthquake Model, GEM
P CF TSP IR S - (S HIL Fh) FRIPIE OV
Oyl sl 1 GEM 5 5 35 5 eeTisy, MO
s ol (V) adaly 3l oslicul U 45 das oo 0L
aslie .l S 55 DMl e SLLS
Joe 95 o das e Ol oY Jg.il.:qdl—\‘ Jgf,
Sl 1y 6 iz sLa0L s & SGEM ,DBM
S5 Bls S Ol p3T 1 gl ) slac |
0335 gme edalian e omen S e L))
Sl b A =4S ole SIDBM
et o8 e 1) 55 0 010 5o Jb sla S
ol o a3 8 Lai s (BT & s 5 Olings clzols o,

T e ($ S 568 e Ol Sl e Olee 25

olpl MW slp 5 sloj ) gl g5 F
Joe 53 ¢SS ki o (ot JS Olos 55 i S
Jal dde s Ol ol iagss 5o S i
DBM) JSi ;s s (se Joba (el 5 0%
Obayslus) Of »1 s (Deformation-Based Model,
Em 3l eslizal b JS Olas &5l (Y210 01,0 5
LoV JSKs) Gl Jids sl s 5 48T (25 S
55, u=YV/VGPa 5,5 5 (V) alal, 8 LS ey
ok o513 Olas CI-Y S8 3 55,57 5 (Y0 F OB
B 025 (s p an a5 b el S5 0LL
E 0T s lwimas Slasein 035 Sgline 5 01 S
3,537 2 e gladllas 55 01,86 (6l 05 ) £ 55
La S slsel s Ol 5,555 palie .l o
Ale (glo I Jlad slads oS 534S Sl ol S e
Olas G5 lodd @l £15 48 55 31w 515 sloe S
SO 55 o &S sl dle (B0 5 655 0 010 o

235 b (gl oS slzal s 5 oS (D) 58 S

L7010 OLiSen 5 0b3,5l15) Ol s s Jool (558 &5 p ity BRI



Ol iy S i ol 05 s ¢ 85 5 2057

ov

64°E

52°E S6°E

DBM

40°N

Caspian

32°N

32°N

28°N

Seismic moment
rate (Nm/yr/km2)
B 1e+12
© [ 5e+12

[ |1e+13
[ 5e+13

Il 1e+14

28°N

0

150 300

60°

°E

24°N
64

24°N

44°E

48°E

64°E

GEM

40°N

32°N

28°N

P[] te+13

0 150 300

Seismic moment

rate (Nm/yr/km2) = &

B 1e+12
[ 5e+12

Se+13
Il te+14

Caspian

36°N

32°N

60°E

28°N

24°N

64

24°N

52°E

)

(o ol T8 OSas 5 o ,5) GEM (0) (1410 (s 5 0h3510) DBM (L) izan 0151 <3 ol (M) s ol 5 50Y s



VP O o e 10 W 0311 S 58 555 dlres

OSan 5 ik \OA

JB s RS E S eSS Ol 25
sslei A S i Jols (Ol el b 03 Cpais
e Sles T Olos & 5 g ool Y.Ll (sl ) 8
5355557 1 S Olen #5553 (MIP) JSCo i
OT los b Sidms o5 Jopel § 55 (5 dumlonn 51 iy
I R IR L
SNeslial g 535 52587 = 03 (Jeol gla i
a5 LORAA) 5l ol IS i el
(sloj - Sldalin o35 J b oman 5 25,5
Olos 0351 JolS” peboms (on S 1) (golin (Lo e
(observed seismic moment rate) o diodalis loj )
Sl &1 Ode il glo ) Oles & Cod
AL LAl 5o S ESTL
bej Jomes oo sl 65 5ok o JBIS el iy
J.ﬁlfc}d_w‘\_iu.flrlwaélﬁduﬁé\x oy Jg.i) Lea

3 Jel Oles &5l 235 5 (resolution) ~ 5.5

SIDBM 3 () 1,05 6wl GEM Jus 51 iy DBM
o ln o slizel aden 3l Calzbes (clrools
Sl o oS ol Ol 5 ol o7
(el ol b oslinwl S (65 0 Ll 5 g 55 Lo
(ol s S8 (GEM (63955 g5 &S S5
S et pyam SLedbl 5 S a5, 8 i, (Y
(Al s lmonls (glaalaie 55T 0 oy Tl da)
gamakia g Jolsla s Saa§T 0 508 e
GEM 4 &us DBM 3 (Jlsb sla JoZ ¢S lecn
Olas &5 5 B 5 el 53 1A el a5 LS
g5 F 3581 = &) 2 DBM Jus 1 eusTowsas

ol ol 05l |.<.~:' J:_.a.; 2 st O)JJLJ:H)

O dnalio g JSi pudi 1 o S303 ) EF O
Olpl oM glp Sl p Sow e d E5 L

1 T "‘__ > =
SEEE L g hhs '
g 09_ ...................
@ L : <
[ 08} :
(@)] Lo
C
L2 o 0.7 %
=B
S £ 06l .
e g 05_ Lfeie i :
E S o4 Y ’ /- Catalog Length
T e
5 & 03¢ [——s50
2 g —e— 100
@  02p- 0/ | —+—200 [
o 0. -+ | —=— 500
O 0dfugfe oo of | ——2000 [
> —ea— 5000
0. i
107° 1077

Strain rate (1/year)

Q88 l5) o3 Jemes SIUS obo 5 (5.5 75 e p Sladidy (slo3 ) Slas a0 SPUIS 5 s (5lo3 ) Olas o JSKS



Vo4

Ol iy S i ol 05 s ¢ 85 5 2057

Lol 5l 5 Wl Yool Vor S JUIS 53 Jgb s 01l oM cotluiaios ) sZdbl (D) slos) JKo oo g ) J g

Mave M. M. Sl b
oY Ay Vo 50

/AT +/V\Q +/AQY Ol U531

/a0 /A \ S50
/40 /A \ sl

/VAY /AL JYE #sas

YTY +/YVo YA S

B s 1y edbazall 25 S5l Glodas jidw Olaul,3T
i S L gl e dle S e 13T 053 e
Wl Slo3 T § 55 31655 e s (B 01 pl 5o s S
3 glo33 et OV 5 0 s i 3L ST 51 e
JUis s 53,81 15 S8 s 2 (e JS Oles &5
oS ko |y S 8 e p By 50T

EF 3 IS e g S el e,
Sl gl 518 U e Odat g o3
ol b oslizul (M 5 B A%) Sdallils 5550,
s (O Y19) 0L 5 Obsglds S ol
LG 51 (slaS sl sl sba el ol il
ool s 5 Ol S il s (gl /XN /0 °
TlAel S kS Yo plad 30l Slaes ) s
Sdadiily (g0 3 (sLa el b Sl eslinal L. dilos
) S JUE 4 e Sdakihs (gl ) Olas 505
.;;CIJ;._:M\}:JIJ(I\Z(?

biglresJomes S JUE  me Dol ¢ 55 &5
'Cﬁ'"\ﬁoc (A M $70 51 585500 0 68 s
Ll $B 5L IS 6 5 (e loe) S ¢ 55
2 s F iy MO 5 (A2 My, F/e 5l 56855
ol &SI Y Jgd 55 Calides Ctlu s jo 3 3 sl
A5 £8P FGSS wlie Gl rmen Ll
SSLANSCRIT S PG IR Ty
0315 OLas S a5y Caeie ,bwglﬁlf)}{—@l)\}

oS e L bl sl (IS Ol o3 T 03
S Al e 55 S JUK O year™ ssd s
>3,\_>,>d:sj_§c'—_r;t_“;\4_zk;a Sl = Sy Sl
3 s Al S Al o d?jﬂslf ) .‘Ayear_‘
ré_,»;,:_:x:,auwu|¢_m Jo S ol s el
o5 g8l 3 5 ealind Ol gr LSS o5 sl S
(%) adasly 5 eslimal U el ) o EILT a6l b
Slre Hope s Sl eddodaliv lo) ) Olan &5 5l
A LS 8 U 555 60 53 aalous ol B
OILSen 5 O35tz 487 0l ) S (gl 05 ) e
SVen 51 JEVYF Il 5 o3 S (555T pear (2 Y019
A Sl iaa YV L b (e3de Yo Jlu b
db o2l a3 55,8 85 o 80le a5 L OT )
5 okdodalie (slo3 ) Olow 5 5 &8 JUIST 3 0553
plomil o o3 55 r 035 (e Skl gl ) Oles
ooy T p Sdeils (gloj S Olas 5 Cod O 5 oo
)25 58T s S ok o e S Oles £
et glo ) S Sk o oins 0L ()
Glal bl 6l om palas ) Jadar 5o .l S K
0Ll anllls 4 a2 55 L O ) O (b 505 )
o) 3 el g ya SleMbl lul 5 (Y410) O1)Ss 5
sl e glaoil s 05 J e 8 JBIS 6l e imsy
ol 0l dasloes L Yoo
IS s e 15 o e odalie 45 b les
sE1s S G aS Sl asls (sl p sles A s



VP O o e 10 W 0311 S 58 555 dlres

OSan 5 ik Vo

SIS 5 (S i 2 n e 3 eddn ol slos ) Olen &5 5 g 5bes ) sla )l Y g

M 0 4D MD I\ZC

0 4 0 D 0 C S . - L -

— | 7¢ W Ay W A | M | B | 2B soes dsb | colagpesss Ul
M Ay (Nm/yr1+™ (Nm/yry+™

s | sias Yo/ue /84 o/t Wy | v | vy (5 01) 5,

0/A0 /Y EA/LY Y0/44 AYA £/7Y VAL | YTV (YA 5 £V) Ol b3l
WA | Ve Y/ A YA/AA /) veu | v | ovre (") 5 08) S5 0l
VYo | YYNA \Y/08 Y g vas | vy | ves (Y 5 08) S0l
v [ o YE/AA /0 VoV oo | vve | vaa (Vv 5 08) Bls oS

/Y AT AR WA Ve/an N vaa | ey (YA 5 08) A1
e e g NIC 2 .. C . g € sl s s

A Ay SIS o e slos ) Oles 5 M SIBS  propds &5 Ay et G805 My 2t =SS miy ood B dsir nl 52

el JS8 i e Sles ) Olen 25 Mg 5 (S ok ine 85

EJUE o cmn g s 55t St b
A TAy p3lae «ZIU 55 ol 55 & 5a5 bl (ol 5 .ol
RGO PRT-SSPY I o JAV.PR L JRR G P
o GEILI L anslie s (s odalie 45, b olea
e B o= w5 o 85l w815 s
5655 0 Ol 1 ol 2 S JUS 5 S s
L 05l S8 om olagne Sl (35 01
0533 33 b o odalin & JUI 5 S8 o5, e
Oy 2 b Jle badks 1 bl cpl 55 05 ) e s <2850
slaes Ao s (V) (s 5 0L 2 ) Sl e Jlo
3 Sl s E 550 D1l 33 0334 oS
0553l sze ), S slaes S e &7 oL (o
e 03 s E B8 N3 (6 elsS iS5l
Sl ol RS 4 55 S i 5 B,
SLaciS 5lo 5o Lo 5 slacs S o 48 ol
23R (S 5 e By el Ste Vb

SrSaxis F
C}J) cr Ol O e Ill ann sl ¢ JASsba
P By 3 e S i gre 0 )0

mex‘j}'u.et;.p}ﬁd| RGO PN 52 J)_}Tjg gif}nslf

Ol O lacdll aen (sl 5 S ) sbay .ol 0l
Er 3 e o e e S B ES
AR old 3,41 df)llslfj. e E B
Slos A o o gl 6 et ST ol S
oS Lo AT AS Ol cp S AL ails
@l S el (=¥ JS8) §ls ST 5 (5-F JSC8)
WV Pl s DU s ol 53 e el Gbbe
L olao) o LT ol 3 .ol 0 5,57 Y/FY
5OLI) das o 5 oL5,8 o Si8 Sl o5
a3 4(Y VP (LT BT 5 oS 5 Yoo F 0 S
e e e § 58 o SO o S
lin 53395 o sl 5 JU , e s Sk
3 53 e S8 ey b alaes S o ST L
s e 5 (- F IS8 0lauLy3T 5 (Lall-F JS8)
aliae ol b e JoalS bl cul (gl 8 SIS
9o Ct e se ) Gl ol s mi A0 A
2> e 4 sad Gble (5055 r ebaliie Ol )3T
3531 10X SR 5 jan paliae Olaul )3T 5 5,
S5S p Ol sl Gl AL A7 e oy iy Sl 0
s 35T m (5=F JK8) (3,2 0140 5 (7 -F JS&)
St by 53 LS 5 slass Jopas S ol

S5 e s e 5B 5 Bl e BB Y 5b




Ol iy S i ol 05 s ¢ 85 5 2057

Azerbaijan (47°E, 38°N) Alborz (51°E, 36°N)

Cumulative frequency (yr'1)

Cumulative frequency (yr'")
=

L

-

=]
IS

5 ) L L L | | L
10 ‘ ; I : I : ' 10 4 45 5 5.5 6 6.5 7 7.5 8
4 45 5 5.5 6 6.5 7 7.5 8 g g g B
Magnitude (Mw] Magnitude (Mw)
(o) ()

Central Iran (54°E, 31°N)

2
Eastern Iran (54°E, 32°N) 10

e

Cumulative frequency (yr"')
Cumulative frequency (yr™)

L

a

=)
&

4 L L L N L
10 ‘ : ' : v 45 5 55 6 6.5 7
4 4.5 5 5.5 6 6.5 . g :
. Magnitude (M
Magnitude (M) () g M)
<C)
Kope Dagh (59°E, 37°N
0 Zagrc:s (54°E,‘28°N) i 10% T T pe Dag ,( = ) T
10" 4 q
< 5
s J
S 10° E 3
8 ]
H 3
35 o
[ 2 i
210 E
L= Ll
s 2
2 s
g 3 4
:10' B
£ 3
> (%]
5]
10° E ]
104 L L L L L L 1
10 : . : . ! . 4 45 5 5.5 6 6.5 7 7.5 8
4 45 5 55 6 6.5 7 7.5 Magnitude (M_)
Magpnitude (M, ) (5 w
3

(o)

ot maies b cilie (eIl 5 @3l el Yo plad 5 Jlsged o VL s sddandp S e glonls )3 o3 domes 8n -Gl mis b K

e))J\_ngLaejJJ@_njl{daa\;ﬁ)J °5;’_)4-fj:-:*:{ L5‘°).Jj ng_?-eJJ_‘ CJ"MU‘-’-‘J"L""W‘JJJ‘K LS“)'}S
EA 1S 5 81555 5k e Y5k CuE 5L Gl gai L (6 28 CoDstl IS i o e

L;udfjjl_ilf} 5 5d op odnlin (g riw slo) ) e 9530 53 a,ls gle ] 6u¢?}Jul§ SledsTCwsa



VP O osles V0 o (Ol &S 5 555 alons

Q‘)&oﬁ}uw

\FY

PE L S i e 55 5 Ol T
(S5 b amlie 53 15 60l ISy o 55
Slos ol 53 bl ol 55 855 slaes s
o 6l sl ) SaeS JUI 5 was 0 55 6 SYsb
Ol Sl ity it 5 @B L L
Ol 1 AU 5 K s g (555005
I 55 ol 3 3 s e dalie (B0 5 655 e
Fo e SNy CiE3le,s0 LS 5 slae) ) o

.MJ@

&b

Alinaghi, A., Koulakov, 1., and Thybo, H., 2007,

Seismic tomographic imaging of P-and S-

waves velocity perturbations in the upper

mantle beneath Iran: Geophysical Journal
International, 169(3), 1089-1102.

Allen, M. B., Kheirkhah, M., Emami, M. H., and
Jones, S. J., 2011, Right-lateral shear across
Iran and kinematic change in the Arabia—
Eurasia collision zone: Geophysical Journal

International, 184(2), 555-574.

Bachmanov, D., Trifonov, V., Hessami, K. T.,
Kozhurin, A., Ivanova, T., Rogozhin, E,

Hademi, M., and Jamali, F. 2004, Active

faults in the Zagros and central Iran:
Tectonophysics, 380(3-4), 221-241.

Bayer, R., Chery, J., Tatar, M., Vernant, P,
Abbassi, M., Masson, F., Nilforoushan, F.
Doerflinger, E., Regard, V., and Bellier, O,
2006, Active deformation in Zagros—Makran
transition ~ zone  inferred from  GPS
measurements: Geophysical Journal

International, 165(1), 373-381.

Beauval, C., Bard, P.-Y, Hainzl, S., and Gueguen,
P., 2008, Can strong-motion observations be
used to constrain probabilistic seismic-hazard
estimates?: Bulletin of the Seismological

Society of America, 98(2), 509-520.

Berberian, M., 2005, The 2003 Bam urban
earthquake: A predictable seismotectonic
pattern along the western margin of the rigid
Lut block, southeast Iran: Earthquake Spectra,
21(S1), 35-99,

Berberian, M., 2014, Patterns of historical

earthquake ruptures on the Iranian plateau:
Developments in Earth Surface Processes,

Elsevier, 17, 439-518.

Berberian, M., Petrie, C. A., Potts, D., Chaverdi,
A. A., Dusting, A., Zarchi, A. S., Weeks, L.,

Ghassemi, P., and Noruzi, R.,, 2014,

Archaeoseismicity of the mounds and
monuments along the Kazerun Fault (western
Zagros, Sw lranian Plateau) since the

Chalcolithic Period: Iranica Antiqua, 49, 1-81.

Berberian, M., and Walker, R., 2010, The Rudbar
Mw 7.3 earthquake of 1990 June 20;
seismotectonics, coseismic and geomorphic
displacements, and historic earthquakes of the
western  ‘High-Alborz’, Iran: Geophysical

Journal International, 182(3), 1577-1602.

Berberian, M., and Yeats, R. S., 1999, Patterns of
historical earthquake rupture in the Iranian

Plateau: Bulletin of the Seismological Society

of America, 89(1), 120-139.

Berberian, M., and Yeats, R. S., 2001,
Contribution of archaeological data to studies
of earthquake history in the lIranian Plateau:

Journal of Structural Geology, 23(2), 563-584.

Bilham, R., 2004, Earthquakes in India and the
Himalaya: Tectonics, geodesy and history:

Annals of Geophysics, 47(2-3).

Bird, P., and Kagan, Y. Y., 2004, Plate-tectonic
analysis of shallow seismicity: Apparent
boundary width, beta, corner magnitude,
coupled lithosphere thickness, and coupling in
seven tectonic settings: Bulletin of the
Seismological Society of America, 94(6),

2380-2399.

Bird, P., and Kreemer, C., 2014, Revised tectonic
forecast of global shallow seismicity based on
version 2.1 of the Global Strain Rate Map:
Bulletin of the Seismological Society of

America, 105(1), 152-166.

Copley, A. and Jackson, J., 2006, Active
tectonics of the Turkish-lranian plateau:
Tectonics, 25(6).

Coppersmith, K., 1989, On spatial and temporal
clustering of paleoseismic events:

Seismological Research Letters, 59, 299-304.

Danciu, L., Sesetyan, K., Demircioglu, M., Giilen,
L., Zare, M., Basili, R, Elias, A., Adamia, S.,



\las

Ol iy S i ol 05 s ¢ 85 5 2057

Tsereteli, N., and Yal¢in, H., 2018, The 2014
earthquake model of the middle east:
seismogenic sources: Bulletin of Earthquake

Engineering, 16(8), 3465-3496.

De Martini, P. M., Hessami, K., Pantosti, D.,
D'Addezio, G, Alinaghi, H., and Ghafory-
Ashtiani, M., 1998, A geologic contribution to
the evaluation of the seismic potential of the
Kahrizak fault (Tehran, Iran): Tectonophysics,
287(1-4), 187-199.

Djamour, Y., Vernant, P., Nankali H. R., and
Tavakoli, F., 2011, NW Iran-eastern Turkey
present-day kinematics: results from the
Iranian permanent GPS network: Earth and

Planetary Science Letters, 307(1-2), 27-34.

Field, E. H., 2015, UCERF3: A new earthquake
forecast for California's complex fault system:

US Geological Survey.

Field, E. H., Arrowsmith, R. J., Biasi, G. P., Bird,
P., Dawson, T. E., Felzer, K. R., Jackson, D.
D., Johnson, K. M., Jordan, T. H., and
Madden, C., 2014, Uniform California
Earthquake Rupture Forecast, Version 3
(UCERF3)—The time-independent model:
Bulletin of the Seismological Society of

America, 104(3), 1122-1180.

Field, E. H., Biasi, G. P., Bird , P., Dawson, T. E,,

Felzer, K. R., Jackson, D. D., Johnson, K. M.,
Jordan, T. H., Madden, C., and Michael, A. J.,
2015, Long-term time-dependent probabilities
for the third Uniform California Earthquake
Rupture Forecast (UCERF3): Bulletin of the
Seismological Society of America, 105(2A),

511-543.

Field, E. H., Dawson, T. E, Felzer, K. R,
Frankel, A. D., Gupta, V., Jordan, T. H,
Parsons, T., Petersen, M. D., Stein, R. S., and
Weldon, R., 2009, Uniform California
Earthquake Rupture Forecast, version 2
(UCERF 2): Bulletin of the Seismological

Society of America, 99(4), 2053-2107.

Foroutan, M., Meyer, B., Sébrier, M., Nazari, H.,
Murray, A., Le Dortz, K., Shokri, M., Arnold,
M., Aumaitre, G, and Bourlés, D., 2014, Late
Pleistocene-Holocene right slip rate and
paleoseismology of the Nayband fault,
western margin of the Lut block, Iran: Journal
of Geophysical Research: Solid Earth, 119(4),

3517-3560.
Foroutan, M., Sébrier, M., Nazari, H., Meyer, B,

Fattahi, M., Rashidi, A., Le Dortz, K., and
Bateman, M., 2012, New evidence for large
earthquakes on the Central Iran plateau:
palacoseismology of the Anar fault:
Geophysical Journal International, 189(1), 6-

18.

Hanks, T. C., and Kanamori, H., 1979, A moment
magnitude scale: Journal of Geophysical

Research, 84, 2348-2350.

Hessami, K., Jamali, F., and Tabassi, H., 2003,
Major active faults of Iran: International
Institute of Earthquake Engineering and

Seismology, Tehran.

Hessami, K., Mobayyen, F., and Tabassi, H.,
2013, The map of active faults of Iran:
International  Institute  of  Earthquake

Engineering and Seismology, Tehran.

Hessami, K., Nilforoushan, F., and Talbot, C. J.,
2006, Active deformation within the Zagros
Mountains deduced from GPS measurements:
Journal of the Geological Society, 163(1),

143-148.

Kalaneh, S., and Agh-Atabai, M., 2016, Spatial
variation of earthquake hazard parameters in
the Zagros fold and thrust belt, SW lIran:

Natural Hazards, 82(2), 933-946.

Khodaverdian, A., Zafarani, H., and Rahimian,
M., 2015, Long term fault slip rates,
distributed deformation rates and forecast of
seismicity in the Iranian Plateau: Tectonics,

34(10), 2190-2220.

Khodaverdian, A., Zafarani, H., and Rahimian,
M., 2016a, Using a physics-based earthquake
simulator to evaluate seismic hazard in NW
Iran:  Geophysical Journal International,

206(1), 379-394.

Khodaverdian, A., Zafarani, H., Rahimian, M.,
and Dehnamaki, V. 2016b, Seismicity
parameters and Sspatially smoothed seismicity
model for Iran: Bulletin of the Seismological

Society of America, 106(3), 1133-1150.

Khodaverdian, A., Zafarani, H., Schultz, K., and
Rahimian, M., 2016c, Recurrence time
distributions of large earthquakes in Eastern
Iran: Bulletin of the Seismological Society of

Anmerica, 106(6), 2624-2639.

Kijko, A., 2004, Estimation of the maximum
earthquake magnitude, m max Pure and



VP O osles V0 o (Ol &S 5 555 alons

OSan 5 ik \oF

Applied Geophysics, 161(8), 1655-1681.

Kijko, A., and Sellevoll, M. A., 1989, Estimation
of earthquake hazard parameters from
incomplete data files. Part I. Utilization of
extreme and complete catalogs with different
threshold magnitudes: Bulletin of the
Seismological Society of America, 79(3), 645-

654.

Kijko, A., and Sellevoll, M. A., 1990, Estimation
of earthquake hazard parameters for
incomplete and uncertain data files: Natural

Hazards, 3(1), 1-13.

Kijko, A., and Sellevoll, M. A., 1992, Estimation
of earthquake hazard parameters from
incomplete data files. Part Il. Incorporation of
magnitude heterogeneity: Bulletin of the
Seismological Society of America, 82(1), 120-
134.

Kijko, A., Smit, A., and Sellevoll, M. A., 2016,
Estimation of earthquake hazard parameters
from incomplete data files. Part Il
Incorporation of uncertainty of earthquake-
occurrence  model:  Bulletin  of  the
Seismological Society of America, 106(3),

1210-1222.

Kreemer, C., Blewitt, G, and Klein, E. C., 2014a,
A geodetic plate motion and Global Strain
Rate Model: Geochemistry, Geophysics,

Geosystems, 15(10), 3849-3889.

Kreemer, C., Klein, G, Shen, Z., Wang, M.,
Estey, L., Wier, S.,, and Boler, F., 2014b,
Global geodetic strain rate model: GEM

Technical Report.

Le Dortz, K., Meyer, B., Sébrier, M., Braucher,
R., Nazari, H., Benedetti, L., Fattahi, M.,
Bourlés, D., Foroutan, M., and Siame, L.,
2011, Dating inset terraces and offset fans
along the Dehshir Fault (Iran) combining
cosmogenic and OSL methods: Geophysical

Journal International, 185(3), 1147-1174.

Le Dortz, K., Meyer, B., Sébrier, M., Nazari, H.,
Braucher, R., Fattahi, M., Benedetti, L.,
Foroutan, M., Siame, L., and Bourlés, D.,
2009, Holocene right-slip rate determined by
cosmogenic and OSL dating on the Anar fault,
Central Iran: CGeophysical Journal

International, 179(2), 700-710.

Liu, Z., and Bird, P., 2008, Kinematic modelling
of neotectonics in the Persia-Tibet-Burma

Orgen: Geophysical Journal International,
172(2), 779-797.

Marco, S., Stein, M., Agnon, A., and Ron, H,,
1996, Long-term earthquake clustering: A
50,000-year paleoseismic record in the Dead
Sea Graben: Journal of Geophysical Research:

Solid Earth, 101(B3), 6179-6191.

Masson, F.,, Anvari, M.  Djamour, Y.,
Walpersdorf, A., Tavakoli, F., Daigniéres, M.,
Nankali, H., and Van Gorp, S., 2007, Large-
scale velocity field and strain tensor in Iran
inferred from GPS measurements: new insight
for the present-day deformation pattern within
NE Iran: Geophysical Journal International,

170(1), 436-440.

Masson, F., Chéry, J., Hatzfeld, D., Martinod, J.,
Vernant, P., Tavakoli, F., and Ghafory-
Ashtiani, M., 2005, Seismic versus aseismic
deformation in Iran inferred from earthquakes
and geodetic data: Geophysical Journal

International, 160(1), 217-226.

Masson, F., Djamour, Y., Van Gorp, S., Chéry, J.,
Tatar, M., Tavakoli, F., Nankali, H., and
Vernant, P., 2006, Exension in NW lIran
driven by the motion of the South Caspian
Basin: Earth and Planetary Science Letters,

252(1), 180-188.

Masson, F., Lehujeur, M., Ziegler, Y., and
Doubre, C., 2014, Strain rate tensor in Iran
from a new GPS velocity field: Geophysical

Journal International, 197, 10-21.

Mazzotti, S., Leonard, L., Cassidy, J., Rogers, G,
and Halchuk, S., 2011, Seismic hazard in
western Canada from GPS strain rates versus
earthquake catalog: Journal of Geophysical

Research: Solid Earth, 116(B12).

Mousavi-Bafrouei, S. H., Mirzaei, N., and
Shabani, E., 2015, A declustered earthquake
catalog for the lIranian Plateau: Annals of

Geophysics, 57(6).

Mousavi, Z., Walpersdorf, A. Walker, R,
Tavakoli, F., Pathier, E., Nankali H.
Nilfouroushan, F., and Djamour, Y., 2013,
Global Positioning System constraints on the
active tectonics of NE Iran and the South
Caspian region: Earth and Planetary Science

Letters, 377, 287-298.

Movaghari, R., JavanDoloei, G., Yang, Y., Tatar,
M., and Sadidkhouy, A., 2021, Crustal radial



V70

Ol iy S i ol 05 s ¢ 85 5 2057

anisotropy of the Iran plateau inferred from
ambient noise tomography: Journal of
Geophysical Research, Solid Earth, 126(4),
£2020JB020236.

Nankali, H., 2011, Slip rate of the Kazerun fault
and Main Recent fault (Zagros, Iran) from 3D
mechanical modeling: Journal of Asian Earth

Sciences 41(1), 89-98.

Nilforoushan, F., Masson, F., Vernant, P., Vigny,
C., Martinod, J., Abbassi, M., Nankali, H.,
Hatzfeld, D., Bayer, R., and Tavakoli, F.,
2003, GPS network monitors the Arabia-
Eurasia collision deformation in Iran: Journal

of Geodesy, 77(7-8), 411-422.

Petersen, M. D., Cao, T., Campbell, K. W., and
Frankel, A. D., 2007, Time-independent and
time-dependent seismic hazard assessment for
the State of California: Uniform California
Earthquake Rupture Forecast Model 1.0:

Seismological Research Letters 78(1), 99-109.

Sadeghi-Bagherabadi, A., Sobouti, F., Ghods, A.,
Chen, L., Talebian, M., Motaghi, K., Jiang,
M., He, Y, and Ai, Y, 2017, Seismic
anisotropy and mantle deformation in western
Iran inferred from shear-wave splitting
analysis: EGU General Assembly Conference

Abstracts.

Scawthorn, C., and Chen, W.-F, 2002,
Earthquake Engineering Handbook: CRC

press.

Sesetyan, K., Danciu, L., Timsa, M. B. D.,
Giardini, D., Erdik, M., Akkar, S., Gilen, L.,
Zare, M., Adamia, S., and Ansari, A., 2018,
The 2014 seismic hazard model of the Middle
East: overview and results: Bulletin of

Earthquake Engineering, 16(8), 3535-3566.

Silva, V., 2018, Critical issues on probabilistic
earthquake loss assessment: Journal of

Earthquake Engineering, 22(9), 1683-1709.

Stein, R. S., 1999, The role of stress transfer in
earthquake occurrence: Nature, 402(6762),
605.

Stewart, J. P., Chiou, S.-J., Bray, J. D., Graves, R.
W., Somerville, P. G., and Abrahamson, N.
A, 2002, Ground motion evaluation
procedures for performance-based design: Soil
Dynamics and Earthquake Engineering, 22(9-

12), 765-772.
Talebian, M., and Jackson, J., 2004, A reappraisal

of earthquake focal mechanisms and active
shortening in the Zagros mountains of Iran:
Geophysical Journal International, 156(3),

506-526.

Tatar, M., Hatzfeld, D., Martinod, J,
Walpersdorf, A., Ghafori-Ashtiany, M., and
Chéry, J., 2002, The present-day deformation
of the central Zagros from GPS
measurements: Geophysical Research Letters,

29(19), 33-31-33-34.

Tavakoli, F., Walpersdorf, A., Authemayou, C.,
Nankali, H., Hatzfeld, D., Tatar, M., Djamour,
Y., Nilforoushan, F., and Cotte, N., 2008,
Distribution of the right-lateral strike—slip
motion from the Main Recent Fault to the
Kazerun Fault System (Zagros, Iran):
Evidence from present-day GPS velocities:
Earth and Planetary Science Letters, 275(3-4),

342-347.

Vernant, P., Nilforoushan, F., Chery, J., Bayer,
R., Djamour, Y., Masson, F., Nankali, H.,
Ritz, J.-F., Sedighi, M., and Tavakoli, F.
2004a, Deciphering oblique shortening of
central Alborz in Iran using geodetic data:
Earth and Planetary Science Letters, 223(1-2),

177-185.

Vernant, P., Nilforoushan, F. Hatzfeld, D.,
Abbassi, M., Vigny, C., Masson, F., Nankali,
H., Martinod, J., Ashtiani, A., and Bayer, R,
2004b, Present-day crustal deformation and
plate kinematics in the Middle East
constrained by GPS measurements in Iran and
northern  Oman:  Geophysical  Journal

International, 157(1), 381-398.

Walpersdorf, A., Hatzfeld, D., Nankali, H.,
Tavakoli, F., Nilforoushan, F., Tatar, M.,
Vernant, P., Chéry, J., and Masson, F., 2006,
Difference in the GPS deformation pattern of
North and Central Zagros (Iran): Geophysical

Journal International, 167(3), 1077-1088.

Walpersdorf, A., Manighetti, I, Mousavi, Z.,
Tavakoli, F., Vergnolle, M., Jadidi, A.,
Hatzfeld, D., Aghamohammadi, A., Bigot, A.,
and Djamour, Y. 2014, Present-day
kinematics and fault slip rates in eastern Iran,
derived from 11 years of GPS data: Journal of
Geophysical Research: Solid Earth, 119(2),

1359-1383.

Ward, S. N., 1998, On the consistency of
earthquake moment rates, geological fault



VP O osles V0 o (Ol &S 5 555 alons OSan 5 ik

144

data, and space geodetic strain: the United
States: Geophysical Journal International,
134(1), 172-186.

Yaminifard, F., Sedghi, M. H., Gholamzadeh, A.,
Tatar, M., and Hessami, K., 2012, Active
faulting of the southeastern-most Zagros
(Iran): Microearthquake seismicity and crustal

structure: Journal of Geodynamics, 55, 56-65.
Zolfaghari, M. R., 2009, Geodetic deformation vs.

seismic  strain deduced by historical
earthquakes across the Alborz Mountains:

Journal of Seismology, 13(4), 647-663.



Iranian Journal of Geophysics, Vol 15, No 3, 2021, P. 9

Estimation of earthquake occurrence rate based on the crust deformation of
Iran

Alireza Lotfi*, Hamid Zafarani®* and Alireza Khodaverdian®

1Ph.D. student, International Institute of Earthquake Engineering and Seismology, Tehran, Iran.
2 professor, International Institute of Earthquake Engineering and Seismology, Tehran, Iran.
% Postdoctoral researcher, ETH, Zurich, Switzerland

(Received: 24 July 2021, Accepted: 30 August 2021)

Summary

The Iranian Plateau is one of the most seismically active regions in the world, where the recurrence
time of large-magnitude events is often more than a thousand years. The Mw 7.3, 1990 Rudbar
earthquake, which caused 40,000 deaths and 500,000 homeless, and the Mw 6.5, 2003 Bam earthquake,
which caused around 26,000 losses and 30,000 wounded, are two of the largest and the most destructive
earthquakes in the region. Seismic hazard assessment is useful in the classification of areas that are
more prone to earthquake losses. The earthquake occurrence rate is an important factor in seismic
hazard analysis, which is commonly based on the earthquake catalogs. Hence, providing complete and
reliable catalogs is necessary to achieve more accurate estimates. Unfortunately, factors such as the
incompleteness of catalogs, the long-term recurrence time of large earthquakes, and the inadequate
short-term instrumental record of about 100 years have resulted in unreliable earthquake occurrence
rates estimates. To reduce uncertainties, some models have been developed for some places in the world
such as California, Canada, Japan, New Zealand, and Italy based on the combination of various data as
inputs, such as seismicity information, geological data such as fault slip rates, and geodetic information
such as GPS data. The utilization of these models can increase the knowledge about the spatio-temporal
distribution of earthquakes and reduce the uncertainty of results. The purpose of this study is to convert
the strain rate into the earthquakes occurrence rate for some zones in Iran. Strain rates are derived from
the available comprehensive deformation model of the Iranian Plateau, in which the long-term crustal
flow of the Iranian Plateau is computed by using various data sets, including the latest fault traces,
geologic fault offset rates, GPS velocities, principal stress directions, and velocity boundary conditions.
In the comprehensive deformation model of the Iranian Plateau, based on the existing information on
relative displacement of geologic features, the long-term geological offset rates for 33 of 171 fault
traces were collected as input. Moreover, geodetic velocities of 239 GPS benchmarks were considered.
Comparison with the results of the existing catalogs shows that for the whole Iranian Plateau, the
occurrence rate based on strain is higher than the occurrence rate based on the catalog. We expect that
utilizing the occurrence rate based on strain in the hazard model in further studies can have a significant
effect on the ground motion parameters for Iran in comparison with previous catalog-based seismic
hazard assessments.

Keywords: Iranian Plateau, deformation model, seismic moment rate, strain rate, earthquake occurrence
rate
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