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Summary

The idea of measuring the size of an earthquake by means of an instrumental estimation
of the energy released at the focal point led Richter (1935) to the creation of the first scale
of magnitude. The concept of magnitude is based on the fact that amplitudes of seismic
waves depend on the energy released at the focal point after it has been corrected for their
attenuation during their propagation. Distance-correction function with the assumption

that when a maximum amplitude of 1 mm is observed at a distance of 100 km, My = 3.0;
There are several different approaches to invert the empirical distance-correction
functions to the local magnitude scales (e.g., Kanamori and Jennings, 1978; Hutton and
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Boore, 1987; Anderson, 1991). In this study we use the approach suggested by Hutton
and Boore (1987). Following Hutton and Boore (1987), empirical attenuation curve can
be expressed with an explicit distance-correction function. In distance-correction function
n and k are parameters related to the geometrical spreading and anelastic attenuation.
After rearranging distance-correction function we can be cast into a standard matrix
formation that represents a typical linear inversion problem in geophysics that can be
solved using least-squares, maximum likelihood, or generalized inversion methods (e.g.,
Aki and Richards, 1980; Menke, 1984; Lay and Wallace, 1995; Aster et al., 2005). In this
study, used both generalized inversion and Pujol’s methods for inversion to determine the
empirical attenuation curve in the Central Alborz region.

Amplitude variation against distance in recent inversion methods is the basic approach
for determination of the magnitudes of a number of earthquakes, site-specific correction
terms for each of the recording stations, and the two constants that can be obtained in one
step and simultaneously, result there is a trade-off between magnitude and station
corrections. It is possible to determine these parameters in two steps without trade-off. In
this method, we will use the separation of parameters technique introduced by Pavlis and
Booker (1983) as modified by Pujol (1988, 2000). Therefore we used two, Generalized
Inversion and Pujol’s methods (Pujol, 2003) for calculating the empirical attenuation
relation and local magnitude (M) in the Central Alborz, northern of Iran.

We used a large dataset of 3886 events including 62523 waveforms which were
recorded by Tehran, Semnan and Sari seismic networks during 02/03/1997 to 13/03/2011.
These seismic networks comprise of 19 three component stations. We calculated synthetic
W-A seismograms by removing the instrument response of each record and convolving
the resulting signal with the response of the standard W-A torsion seismograph. We
assumed a static magnification of 2080 for the W-A instrument (as shown by Uhrhammer
and Collins 1990, the W-A instrument has a magnification of 2080 and not 2800 as often
assumed). Based on Richter’s method we used amplitudes which are arithmetic means of
those of horizontal components. Therefore maximum zero-to-peak amplitude was then
measured on both horizontal synthetic seismograms. For a given event, the M is
independently calculated for each recording station. The values of My, from each station
are averaged to give the magnitude of event, then magnitude residuals obtained from the
attenuation curves of this study were plotted as a function of hypocentral distances, and
the results obtained from the two methods are very similar.

Eventually, the corresponding values of geometrical spreading parameter (n) and
inelastic attenuation parameter (k) are 0.9819 and 0.0028 and 0.9073 and 0.0035
respectively from Generalized Inversion and Pujol’s methods. The two methods yielded
similar results. But due to the reasons mentioned the result obtained by Pujol’s method
was chosen as the final result. Station corrections are related to the local ground
conditions and instrument installation (Richter, 1958). A station with positive correction
will yield a smaller ground-motion value than a station with a negative correction for any
seismic event before the station corrections are applied. In other words, a station with a
negative correction will amplify seismic waves compared to a station with a positive
correction for the same event when the instrument installation conditions are the same.
The station corrections resulted from this study vary between -0.378 to 0.725 suggesting
that the local site effects may have a strong influence on the amplitudes.

Keywords: Generalized inversion method, Pujol’s method, Local magnitude (Mp),
Empirical attenuation curve, Central Alborz



(V) daly Sy Ol5 o 1) ML u,fu'i BUSGIOY
S B

M, =log A-log A +S M
| addge 53 odd edalive alels alin A OT j3 o«
ol b o meeal mb -10gA) e e
Voo Aol Hs e/en) mmoanls ads S S
4oars b el MmO (S5 hls eSS
Ghle Gl 4l Colugpe) 5 adbate ool )
G5SE S el pl s e dale Sglie O S LS
O O e T

L gl m6 Olgo VOAV) Ly 5 58 B 0
250k 55 (M) daly &) s

—logA; =nlog(r; /100)+k (r; =100)+3.0-M,, +s, ")
s S 4 ly bl ks n 0T s S
i Ay (Aooe™ ) pliS o Camds 5 (Aol /")
ol oK) adlsa 55 ot csls gl sl s BBl 4l
S 3 Muic o] ool b ol 4335 05157 51 dbuols T
Sl 2 el 555 B S (ﬁ Sl gy (o
(¥) oy S ooty 15 () ol 01 o ol o] oK
S el

logA, +3.0 = ~nlog (1, /100)~k (r, ~100)+ M, s, ()
il Ll 5 e 5 oIkl e Sl IS oS
Gm=d (")
ol 5555 5 S e S e 5 (F)
b de Hs p a |y (edaline 3ldad) 1 sl b 03ls Sl 5 oS
o) 03 S e Lo e (e laad3e 5law) M slal
20k 5 ST aleas S ey 3l G
tlone 6l s Olidee 45T (VAAF (aSKie €14AS
e 1) 3,8 oslizl (laslo oe Joun S5
5 sl 528N OLes 5 Y VAV Gy 5 5 an

clre 33 g3 9y 5 4B eand (S 3l sS00 SR g ) A s

dadde
YD) iy 5L sl 1y ML) e (S5 Jsa b
S i S G BAIS s sl (190A
Cands gowia 03,31 sty (e (S350 Jpep )3
Crali  gove Ll ewly ol Olea L g pe
2 s GS s SaS1 (S g
Sy 313 Sy o8l B o) Jopes s Jsb
e 03,57 Casny Gl il S 0SS
Kim 5 65U e ) )l sy il
(881) Oyl CVAY) g 5 5sn ((1AVA)
3G ol 5o (Wles S ad e 1) (Sslize Gl )
3 &S (6, sba «.v.iz;e;u:m\ (YAAY) 55 9 Fsd s,y
33 5 b Spsen o2 meal daly By )
OLaiSTb Cannds 5 (1) pwdin 5 28 4 dnly el )b
L (mly polie) bl g3 ol ashe 23 KO
S faeme Wb ulie Gl by, S Ol
aloes s o sy U cVlasl Sus (Sl e
VNP S VAL Gaylany 5 ST ke 6l ) 58

KAREY-FRIPCOUSPREIN I P P PPEpvr A L LV W PR

6T ¥
L slos ) (o b sl Deay ML) Jowe S5
oKaws | 6,8 o510l 4l ((VAOA NAYD) i,
S5 sl A 5)53) by Osmdibgs
j Lals s, s YA+ (magnification)
(V444) ;IS 5 el sl . (o 25 (+/A (damping)
5 s YA oS5 Bl e & s 4o g0
A= 53 Sl el ST Gl YEA T ke
ok o b ey A8 sl 1y (S5 sy /Y
N ees s JS Gl pASNE sy DL
dhools 1 eslinal 655 00 el .3 S eslinul (55 09, 4kuols

Jsldie i Camddl gowis 03551 Cawdas 53 S5l



\f‘\YsYo)Msf‘\ojjé‘w;wjugg}}mﬂ i

Sl Liphpe S (S5 Al Sl
MLi 5 WS e @ ol s Jldie ¢ 03 S wlsl Jle
Ol asiliar Lol 3,08 s () ol (535 650
A= 5 95 55 SVslee oKes J= Ol 3 gh g 030>
Oloeseal Jol dls o 53 &S (gosba 3505 24
AT o sty b ol L o9 dl o 55 5 A
Soger 1y (F) daly kel gl (Y0 Y )

(S o Ok (V) el

Aj=bn+ck+M;-s; i=LP; j=LN (V)

)
(F) adaly b awslie 53 13 5555 Slawiie Slae oS
S RS BN PR SOV INSTE S L
Q‘}S'GA .L.SU’.A J.«; Qh«gi Q)}.péb' ‘M_ LAo&.w.u/" *\

15 (W) alaly Sy oty s ile B 3 1 (F) e

Wa, = WBx, - Ws; i=1P; W)
"y

a, b, ¢ 1

i CZI 1
a2| bZl (*)

a = ; B=

aNi bNi CNi 1
x = (nkM, )’ ()
s=(s5..8 )", Oy

Sl Wi s e 5l eslgl 5 alid T VL 0T s oS
SN Sl o 5 ) e LNXN G5 (s ks
6L ol o o3lizal ot 457 diten SVl b olize
Code 5l aid8 ol 5Lisge gday Slawbes (6l
JHD iy, 5l 4 ol slddslas b oy (A) dlasly ¢ i
AT o Cwwsas (Joint Hypocentral) Determination
JHD die o 53 45 olaods) 3 pdm s ol @
S bl gileld Sy 3l s 058 0 03 JS 4
s 5 5 G OWY) Sos 5 mdosl

G Sl s L iy ol s YV (2 Sy
S Goge s3> 5 AL i palie L Sl
G® @l et o sSas [y sle <5l 3L min
5,5 oslizal (F) alaly alsles Jo g1 01y oo
m=G*Gm=G*d ®)
3o b Ol 15 GF Bl e S e
55 duslous (VAAF (Ss) SVD

q Laad go sldas 9 p o) J o) sldas a7 S50 o
3,5 sk 3 Dosen |y (F) daly 015 e AL
fad ol §gezs S 1) by ol Gl or ronan
5 S 58 5l Lalsy 5o i Lie il el
ol ((088A) O 5 2 SSY ((184Y) O,

:v.')‘.ﬁ
—log(r,, /100)  ~(r,-100) 1 0 .. 0 -1 0 0 .. 0
~log(r,,/100)  ~(r,-100) 1 0 .. 0 0 -1 0 .. 0
G- : : ol :
~10g(Tyq/100) ~(Fyqy =100) O ... O 1 0 0 -1 0
~10g(r,,/100) (M= 0 .. 0 1 0 0 0 -1
0 0 0 ... 00 I 1 [ N
)
n
K
My, log A, +3.0
: log A, +3.0
M _ :
s log Ay +30
S log Ay, +3.0
: LI *#)
S
LS Loaa

Sl ) g0 315 Qg o J e sl p 0T s oS
Ll Gl sSan gl ol aaly ()
PSS Gl Sl i (9) alaly 51 ST sbolen
ST S5 b a5 55 d G sl m Sl 5 s,
slosls 4l od sG gl Sl .V.:L.«AA A asls
2> 05 o Mgy a b)) 5 Wl 8 ISE s e

el 05 3Ly el don
23l el (S5 e e Sl s o) 03
A Toed e o) o) s S
S Wslan 533 ge Talf 33 5 Loyl 51 K 1
Aol I b oSo)s abls Sl oS WSate

polie amI 3 Wk e ma Olejpa Hsba (s



6 o 33 gz 9 5 4l el S5l Sas SLBY 9 ) A s

4 658 K0, s s eds 3 Slagz s S
header (¢! > u@ﬂ)g.z o) aliwle ol yfile S
SAC .dzes o3 oy 3l ) SleMbl ol 1A Cs
il alex I (The Seismic Analysis Code)
:\-a.ﬁ Y} NG| Glﬁlf header ‘5‘)‘) )}>’ C‘}J DL 4§ Sl
l{ e R ‘}.‘"u\.ﬁ SAC )‘ﬁ‘(’j \;.AJB “ laosls
5 s 4 8S-1 by (deconvolution) Civelealy
SloolSans & g oAb LS o) gl & e
G558 s} S 53 eds @ 8 S SS-1
Q},«:J-U‘—J}j clilwb 4{3\:-)} Ll )\i\:,&fd
Comles L ol

L$>}AJ.§.& Q}MJ.«U\—J_QJ oli:.w: c»'Lg' (COHVOlutiOIl)

DL C_Mu‘ JK;&‘:-‘\;\}-
odsl Oguybibagy Kole &b & LT Cass
dlp S o)) W oSGV JSKE 3 o8
olas (.4:.9; Q)y QT S WL@}WWU

el ol 05l

a (W) daly Jo @l el alo aig 1, OT (Yerr)
Xi ey Ol b gl o 53 7 (g5 5bas 3550 L8
£33 d> e 53 H\J@ Cawdds u_ali:.wﬁ Oloesenad
03T Comsas baej Jomns S op sk slo 2oy
S S5 Aol Slemeas iolis ans

Fay 93 Y edal Cunsay s 1Y
0305 YARY I miwly oalie 03,57 Cawsas ) shies
Ly (S o558 55 il glaail o atels glu SSLa)
b FA Lol o3 gudome 3 0303 &5 03 d e YFAL &
S G5 o ar pYALYF 5 Jls Job 4o 00
23 YN Gole WB VY le Y Sl ol s
s4e (short period) s 5366 S (6 K5 ) (slaelKeny!
S (50 6K oy el ) SS-1 i)

(Y K8 i oslizal clods Sud (65l 5 Oliams O g5

(@)

2_
{)_

3 SS1 Count
|:|_
3 -5 ha
= {0 N
 —— =
5:_ Ground Velocity _:
~ 0=
S 5
= I T | T I T T T T T T T | T ]
Ground Displa dergent (c)

5__ WA Displocement

(d _]

| 1 | | | —
80 100 120 140 160 180 200

ot B0 ) 0las €) (e braor ) SS-T el ly 2l 1 51 g bl ) Olas o(b) SS-1 Lo o sl ) o(a) ) YK

49.02°E 33 e3ls &) 330w N ad 5).0 g s bl 55 oaus 5o CilKes ) Olen 1(d) e a4 gy bl Co e s Sl

(ol o o MHD ol 53 68 Y1) 1555) b s My=2.2 555 L 35.62°N



ey oy UL&&Y“\O}))gW}@&}&ﬁM s

487 49° 50° 51°

37

36°

35

— Fault
O Event

A Station
% Tehran

52 53° 547 557

34

487 49° 50° 51°

52 53° 547

s e Ol |y e o ls s eslst; (slae s Jpms &)'Cﬂ o 215 (ol 5 Ol O, (6,005 ) slaass (slaolKansl ©iF Y J&i

30 awslis Jol day jo Gaes ol 1 Oda
o sl el e 5l (Gl S B
ssbea J ol o)ls O35 Coanl pgs a5 cadkaie
OAYD) iy, adsl iy 3 eslizal 5 Gas 56 U355
dolb 5 odle ol Gee O3 HIE Lo
OLSer 5 (631,0) kS VP ol Ges S SIS
@bl gy OVA OLIar 5 53 e Y)Y
oy ot g Cads gowa 3 A oslizal aibe
T Cewsas (VF) sl
10gA¢=0.950310g(1/100)+0.0035(r-100)+3.0 (\¥)
Sl Dol S8 Aol Osls L3 L awlis js &
S glesls Gl b piman 345 0 sdalie S
G daily czils 13 K05, K ) oo
Szt (YoF) sy Sy 51 (V0) dasly &5
LT
logA=1.266710g(1/100)+0.0019(r-100)+3.0 (18)
bl ol anb o3 gdoes ois fsay Dl ol a2l
GreskS YO alol b ocdas o Ol ¥ S ansls

(zero-to-peak) ¢S b L Lost &y oy badials aicin
I el ml s gl B by
g2V Jsd ok sn sl bl sl il S
¥ OUSE s edeT Cesdy Crndl (Sla s 5 Sl 0l
Aol 35 Sl cpmer ol sdd aglie 5 oo
oslizal (S5 pabl Ba) 55 2 03 S5 5 6 s
Y P R PR X N A T
OF) 5 O Llyy (225 o Slanb ol
Jsr s 5 Bbpmani GlopSae Gl 3l 5
b ls Lot aials atdiy olee o S0Le alul, (Ye0F)

T Cwsa S 43;6”&&
—log A, =0.98191og(r /100)+0.0028(r —100)+3.0 (\Y)
~log A, =0.9073log(r /100)+0.0035(r ~100)+3.0  (\Y)
ey polie (T o (V) 5 (OVY) Laslgy 5l amil
5 Blboass GGlomSan sy 53 3l el unsw
33 Cdes| 4K gbay o wlie (Y0F) Jg g
5 IVE L Sl Coa edel Cusw ko5l

Sl 2 /eany



v o 33 gz 9 5 4l el S5l Sas SLBY 9 ) A s

(Basin of Mexico) ¢ Se 4o 5 Sl
O3 de 5l Al Llg e ol S Cl i
Q:’,‘J-’ ..Uj\.n.ﬁ QMT J?j})f}\qila..agsb-bwﬁ)

Al adaie

2Kl Slomas Y-Y
s 5 Joen et Ll 4y s 2yl Dl
Ol (1) daly sl 080A (i) 5,05 oKaws
Al 4 s St e b ol K s e
Jlast 31 45 4355 sy 04 51y (e g
b s o OUS 1y (556858 ) &S o emnad
Ll b 2] ol w55 S S Ol s
23 aopilr s o OLES |y (q) p 3y 90 aibts oo gas
Al Slbeoas p3lie (ol ozt ¥ Jsds
O 9 ] - wlie Jgy 95 odaT Cwddy
Sop Al VYD 5 — MVA Ai) Sl
(AND) shaouT 5 (Peran) O slaolKisl )y s ja
06315 oS! 51y (Lo Aol /o VY e o S

oo oz sldie (VW) daly 5 (V0) alasly I eslizal
daly ria ol 5 (Jy das e s |y ‘_,’.,LMQ
APy /YO o3Il 4 L ge Hsba |y (S5 i (VW)
o Sl Ol 5 e ol ple A8 o 2557 i S5
Llosls &, aKs Jols 5o & glaes S oz
GYF/D 5 3,5 Jsb a5 0F GO+ oLl i 03 guous)
L& yle 53 9¢(V0) dasly 51 (Jlad 5,0 4,3 Y7/
23S eslatul (VW) aasly 51 (655 50 51
b am s ) Jod 53 (mily ol anlis b
Aol 4 Cd 65 o5y Aol Sl eslamnl Sl s oS
K jlaie 5 J2alS (s 3 28) N i S48
tglie 53 rmmen b RIB (02 )
SledeT Cawsa K o1 (gl zal )b oSl dan 5 bl
S FE 55 5Se S i (1) iy )
ol olaT Cesty laans (Glem S )
L B B
Ol blE plo b 5 oy ¥ S5 55 (g5 93l ealinel
5 r':'fu‘ sdalive S (5)sbay .l old auslas

Sra Sl 655 5 03 o5 glsel s

.(No.Event=3389, No.Data=20841) s, 55 3l edel covwsay p3lis 4dS .\ J g

Method distance phase niSta_mdard ktSta_lnd_ard
Deviation Deviation
S 0.9819+0.045 0.0028+0.00014
Hypocenteral
totel 1.2133+0.040 0.0013+0.00012
Generalized inversion
S 0.8869+0.041 0.0030+0.00013
Epicenteral
total 1.0897+0.036 0.0016+0.00011
S 0.9073+0.013 0.00356.3e-5
Hypocenteral
total 1.1597+0.012 0.0019+5.5e-5
Pujol’s method
S 0.8062+0.012 0.0038+6.1e-5
Epicenteral
total 1.0319+0.011 0.0022+5.4e-5




\f"\T‘Yo)M‘Y"\UJ:‘w;w}Q}}M A

NETSRTEI ool Cawday Jmli:w.l! Sloema 5 olKanl Slasein Y J gl

Sub Station Latitude Longitude Station Correction [G.I.S.C - Nurc1)1fber
Network Code N(degree) E(degree) Generalized Pujol's PM.SC| Record
Inversion method

AFJ 35.8560 51.7125 -0.280 -0.263 0.017 705

DMV 35.5772 52.0322 0.062 0.036 0.026 2203

FIR 35.6415 52.7536 0.139 0.157 0.018 2222

Gzv 36.3859 50.2184 -0.050 -0.082 0.032 1053

MHD 35.6853 50.668 -0.107 -0.127 0.020 1585

Tehran QOM 34.8424 51.0703 -0.065 -0.088 0.023 1090

RAZ 35.4046 49.9290 0.033 0.039 0.006 1645

SFB 34.3518 52.2406 0.051 0.001 0.050 1059

SHR 35.8061 51.2889 -0.254 -0.279 0.025 510

TEH 35.7367 51.3817 -0.127 -0.073 0.054 297

HSB 35.4378 51.2757 0.075 0.037 0.038 924

VRN 34.9954 51.7273 -0.095 -0.139 0.044 2173

ANJ 35.4672 53.9144 0.725 0.775 0.050 309

Semnan LAS 35.3822 52.9589 0.090 0.104 0.014 960

SHM 35.8067 53.2922 -0.066 -0.044 0.022 721

ALA 36.0829 52.8099 0.226 0.226 0.000 316

GLO 36.5024 53.8302 -0.249 -0.232 0.017 1088

Sari KIA 36.2070 53.6837 0.268 0.297 0.029 793

PRN 36.2419 52.3381 -0.378 -0.344 0.034 1188

55 03 Sop Ol a0 5 F gl S

Sl S oy ) ek Sz (28l (S,
Ol Jlesl 51 dny (Y04F) Jszr gy 5 4Bl eend
O hgy 95 A s s e OlAS @lﬁ:mi\
ool a5y ok a5 5 05 305 S
5 o bt 4 T oKbe ol 5 (M - M)
Sop s Sy Sop Ol awlie b el
S s e gy 53 5 odaT sty

J;oMU«AQ\}Swl{adeJﬂ)JQ)w

3 AL pan 3l S0 Sy y Awlis  ¥-Y
Jalsy Son sl g ars b () dery
Pl ()3

oty ool 2 lp ML ol sl Gl
e 3,5 L 3 ML s 0k dsloes | s
s 31y 95 0 S o (Lol ] dan ML 1 olas
Sz s ) el o305 Sz o Vet AT
:g;t o M) o) a6l 0d dcloes
res(M,), =M, =M, (\%)



Magniude resiaual

D&

05F

A\ o 33 gz 9 5 4l el S5l Sas SLBY 9 ) A s

this study using generalized inversion method {Central Alborz)
this study using Pujol method (Central Alborz)
—[= — this study using Pujol method (Tehran region)
1 —+— oingwen and Langston, 2007 (Central .S.A} 1
—&r— Hutton and Boor, 1987 (Southern California)
— — — Roberto Ortega and Luis Quintanar, 2005 {the Ba=zin of Mexico)
-2 - Richter,1958 (Southern California)

U 1
50

100 150 200 250 300 350 400 450

Distance(km)

(Y000 UL 0558 5 855D Ol b e b (635 0 5,31 8l oy 53 5 el sty il s ol aylin ¥ S

SID 160 1 éD 260 25ID 360 BéD 460 480
Distance(km)
{b)
A g T T
*TTIIIl11l11LJJIIIIIITtll]lllllllLllLlLlllj ]
SID 160 1 éD 260 25ID 360 BéD 460 480
Distance(km)
LS‘)% ol ‘*‘r‘*’b""’ Qf))'._«} a)')]&:.,ej ;)_}f B Sl @) L0 JS..:':

JL«.&[ )'l pes dols )'l ﬁU r-<>)5 <M| _Mij ) oKy ..l Bl
Sop Bl lie :Sle (b)) (alK) Sl

Lok Ve dolss 5o ol sla So5 5l sl
Y Jyr g 295 (S.D) Slwe Sl

IR IIUUS 1S3 G

05r

05F

()
1] 5IE| 1 EID 1 éEI ZDIEI 25|D SEID 3:%0 460 450
Distance(km)
ib)
L e T
Hn“ RN RN SiATEARNNNRIRE PR AR
] 5ID 1 60 1 éD QDID 25|D 360 3%0 460 450

Distance(km)

Slpodd ale So5 s o3 0wy Sop om S @) 8 K
Las! 3l dols 5l b ; Kl
dles! 5l e B VS}):(MF’V'\J) AN
;)J'.f S| ﬂ:u.a mi;L:A (b) ‘L;“K:‘*"-ll Sleseal
Lomesks Ve ol o ol Gl Son Sl sy,

(a8 anens S5l sSan 35) (S.D) slne Sl ol



IFAY (Y o lad (P9 095 (Lad g ue ) SO ud Almo \e

&) Sl ol S glaesls de
030zl b (VA) alasly &) goots S5 alasly Aimils 13
T s (Yoo ¥) Um0 Sg, )
M, =logA+1.266710g(r/100)+0.0019(r-100)+3.0  (\A)
23 8 o3 Sl Sz e Slp 05 2l
OF 0 oLl i e35uoms) Wlosls &, &K Jo1s
OA) daly 3 (Jes a5 Y/O B YF/D 5 55 a0
OF) aasly 51655 0 5,3 bls b 43 55,5 eslizal
S eslatul

B = /¥VA Sl G ol s ] Slowsenss
i Joe Sl S6 das e OLES 45T AST e ok +/VYO

J}JM|}>— bj&ubj)wﬁ)c‘jﬁ‘dj)uol&mi\

SRt i
oBils K58 55 e ge 65558 (6,05} s
Olisy e glaesls Osls 13 Ll js blbia O ¢

Db e Syl 5 Sis

&lr

35 ML) Jows S olie om0 olel
o L) cwlZ ) @BOLL (oS e S
Ol o&ils ¢ 5 455

EES R STET N QRIS P IR S e Ry ]
| e TS =TS S AL AV o sR
Ol ey S ke 5 (6 o Olojlee Sl Ll O g5

Ol 0l eh
Aki, A. and Richards, P. G., 1980, Quantitative
seismology, 2 vols, Freeman, San Francisco.
Alsaker, A., Kvamme, L. B., Hansen, R. A.,
Dahle, A. and Bungum, H., 1991, The M,
scale in Norway, Bull. Seismol. Soc. Am., 81,
2, 379-389.
Anderson, J. G., 1991, A preliminary descriptive
model for the distance dependence of the
spectral decay parameter in southern

oS s ¥
G20 33 ) g Caadi b 00,51 Censa Gl
(FoF) U s 5 adlbpeass (Gl sSne (S5l
B ISELS] ool s ewly polae .r.ls; oslew!
2305 S om SN By imer el 4l
R R SN - TS ERT P Al S5 s
s o2 ol ole] Cests jyolie & ) o e
Sy ool Cwsa olie o w5 JB O
(i odalie ba, 55 3l e3litul b aliu| Slovsess
(TEH) 01 g5 o) (s 5Bt o 2y o7 (555
CiVT ol (gl oDl o 2S5 2 /00F L il
Sie 53 a8 BNl 5 AT sty i bl s (ALA)
9 /VE L o ga T Cwsa k s ol
JaghS Yo Gl 5685 Jols gl Sl o/enY
b o3y Son Blpes ilemsSae bss
srs oy ) 5eSasS uf)}f do-lg /Y Sl
s goin Sl 4 a g b L5 oe 35T (YY)
Fao ke (Vo¥) s oy Sl ol Casas (g 2
oemmer 5 (I (Ll Cl 5eSKs 5 &S el,Lb
Sl Gy o Son s ey b S8 LY
S o i Gy e s (Sops (W) da)
Sl S5 a5 p5Y adl et Ol (655750 5 1 5o (s
90 95 awlie gl day ys G pl I Ol &S
033 453 55 S5 dse pAb o 5 ol (Sl o Sns

3yl ) 3 Sl
M, ~logA+0.907310g(r/100)+0.0035(t-100)+3.0  (\V)
IR (aely olis (Gas 50 5 anslia ) shtaey
o) OSKes 5 (631,0) kS VF Cub Gas 00l
S Aol glra OYM OLSKa 5 35 sue
Solgnn possT e dibie besJom) ¢y

W r.i.}; odalin \) Cs‘g;)” )l:.m.a ;}M}?‘



" wire 33 J g 9y 5 4L el Sl sSre LB D5y A lis

Am., 97,2137-2151.

Moradi, A. S., Hatzfeld, D., and Tatar, M. 2011,
Microseismicity and seismotectonics of the
North Tabriz fault (Iran), Tectonophysics,
506, 22-30.

Ortega, R. and Quintanar, L., 2005, A study of the
local magnitude scale in the basin of Mexico:
Mutually Consistent Estimates of log A0 and
Ground-Motion Scaling, Bull. Seismol. Soc.
Am., 95, 605-613.

Pavlis, G. and Booker, J., 1983, Progressive
multiple event location (PMEL), Bull. Seism.
Soc. Am., 73, 1753-1777.

Pujol, J., 2003, Determination of a Local
magnitude scale: a generalized inverse
solution, Bull. Seism. Soc. Am., 93(6), 2758-
2761.

Richter, C. F., 1935, An instrumental earthquake
magnitude scale, Bull. Seismol. Soc. Am., 25,
1-32.

Richter, C. F., 1958, Elementary seismology, W.
H. Freeman and Co., San Francisco, 758 pp.
Uhrhammer, R. A. and Collins, E. R., 1990,
Synthesis of Wood-Anderson seismograms
from broadband digital records, Bull. Seism.

Soc. Am., 80, 702-716.

California, Bull. Seismol. Soc. Am., 81, 2186-
2193.

Aster, R. C., Borchers, B. and Thurber, C. H.,
2005, Parameter estimation and inverse
problems, Elsevier  Academic Press,
Burlington, Massachusetts.

Hutton, L. K. and Boore, D. M., 1987, The M
scale in Southern California, Bull. Seismol.
Soc. Am., 72(6), 2074-2094.

Kanamori, H. and Jennings, P. C., 1978,
Detemination of local magnitude, ML, from
strong motion accelerograms, Bull. Seismol.
Soc. Am., 68, 471-485.

Langston, C. A., Brazier, R., Nyblade, A. A. and
Owens, T. J., 1998, Local magnitude scale and
seismicity rate for Tanzania, East Africa, Bull.
Seismol. Soc. Am., 88, 712-721.

Lay, T., and Wallace, T. C., 1995, Modern global
seismology, Academic Press, San Diego,
California.

Menke, W., 1984, Geophysical data analysis:
discrete inverse theory, Academic Press,
Orlando, Florida.

Miao, Q., and Langston, C. A., 2007, Empirical
distance attenuation and the local magnitude
scale for the central U.S., Bull. Seismol. Soc.



