
Üi 

O 

AKRL 72-0158 

Ä MiTHOD OF CORHiCTINO P-WÄVE MAGNITUDES 
FOR THE EFFECT OF EARTHQUAKE FOCAL MECHANISM 

by 
Atiq A. Syed and Otto W. Nuttli 

Department of birth and Atmospheric Sciencot 
Saint Louis University 

St. Louis, Missouri 63103 

Contract F 19628-70-C-0036 
Project No. 8652 

SCIENTIFIC REPORT NO. 6 
January 1972 

Contract Monitor: Stanley M. Needleman 
Terrestrial Sciences Laboratory 

D D C 

MAY  22 t972 

The views and conclusions contained in this document 
ore those of the author and should not be Interpreted 
as necessarily representing the official policies, either 

expressed or implied, of the Advanced Research Proj- 
ects Agency or the U.S. Government. 

Approved for public release; distribution unlimited. 

Sponsored by 
Advanced Research Projects Agency 

ARPA Order No. 0292 

Monitored by 

Air Force* Cambridge Research Laboratories 
Air Force Systems Command 

United States Air Force 
Bedford, Massachusetts 01730 

Reprinted fror < the Bulletin of the Seismolog- 
ical Society of America, Vol. 61, No. 6, pp. 
1811-1826, December 1971. 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

Spnngliold    V.i      22151 

^ 



DISCLAIMER NOTICE 

THIS DOCUMENT IS THE BEST 

QUALITY AVAILABLE. 

COPY FURNISHED CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLY. 



PjWtam Code No. 0F10 
Effective Date of contract  1 Septtmber 1969 
Contract Expiration Date 30 June 1973 
Principal Investigator and Phone No Prof. Carl Kisslinger, 

(614) 535-3300. Ext. 540 
Project Scientist and Phone No.  Stanley M. Needleman 

(617) 861-3666 

ym mn uam 
<« mtmrn 

l-.-wmm      

im.~~ HULmVu 

Qtö 

Qualified requestors may obtain additional copies from the De- 
fense Documentation Center. All others should apply to the 
National Technical Information Service. 



Unclassified 
SrniHI» CUnMflftloii 

DOCUMENT CONTROL DATA .R&D 
(Snutltr ft>»«(Hflli»w nl lllh, hnitf til «fitltart mml hulrtliit tuinnmiltm muml hr »nlrtrrt whim lln nmrafl npotl I« rinatlfUd 

I   o«i<J"n». tiM« *c tivi TV (t-n«|ior«U miirinr) 

Salnc Louis University 
Department of Earth and Atmospheric Sciences 
St. Louis, Missouri 63156 

1«. RCPONT  tCCUniTV   CLAStlFICAtlON 

Unclassified 
lh. onouP 

1 ninoUT TITLC 

A METHOD OF CORRECTING P-WAVE MAGNITUDES  FOR THE EFFECT OF EARTHQUAKE 
FOCAL MECHANISM. 

lo0ieen£M8*-"S5!«lW «nil Inrlwilv* ilal*«) 

t   «u iMORiil ffffiO nama, mldxtt» Inltltl, lat( nama) 

Atlq A. Syed 
Otto W. Nuttil 

«. ncponr eTfl 

January 1972 
7a, TOTAL NO. OF PAOCI 

16 
7b. NO. OF NEFS 

22 

F 19628-70-C-0036 ARPA Order No. 
». PROJICTNO. 0292 

8652 
•• DoD Element 62701D 

ta. oniGINATOR'* REPORT NUMBERI» 

SCIENTIFIC REPORT NO.   6 

•6. OTHER REPORT NOISI (Any other number« (fiat may ba aaalfnad 
rbla trpotl) 

*DoD Subelement n/a 
AFCRL-72-OI58 

10.  DltTNiaUTION tTATtMINT 

A - Approved for public release; distribution unlimited. 

Seism. Soc. Am., 

supp6rtea'by Ad 
Projects Agency 

This researc 
vanced Researc f was 

^JTOa**,f^^ Research 
Laboratories (LtJ) 

L. G. Hanscom Field 
Bedford. Massachusetts 01730 

This paper presents a methodology for correcting body-wave magnitudes 
for the effect of focal mechanism In a routine manner. The method re- 
quires a knowledge of the prevailing or dominant mechanism for a geograph 
1c region, from which tables are constructed which enable one to make the 
necessary correction. Included In the paper are tables for Aleutian Is- 
land, Kamchatka and mld-Atlantlc Ocean earthquakes. 

From a study of seven earthquakes. It Is concluded that the present 
method gives essentially the same average magnitude with the same standar< 
deviation as a more exact method of correcting for the focal mechanism. 
The latter method uses the focal-mechanlam parameters of the earthquake, 
which must be determined Independently for each earthquake. 

The existing distribution of seismograph stations Is such that trans- 
form-fault earthquakes of the mld-Atlantlc Ocean will consistently have 
their P-wave magnitudes underestimated by about 0.2 magnitude units. If 
no correction 15 made for the focal mechanldra. On the other hand, P-wave 
magnitudes of earthquakes In Kamchatka and south of the axis of the Aleu- 
tian Trench will be overestimated by about 0.2 units. 

DD /r..1473 Unclassified 



Unclassified 
ncunly cumiriciiion 

Kf.V   WORD* 

Earthquake Mechanism 
Magnitude 
P-waves 
Plate Tectonics 

Unclaasifled 



AFCRL-72-0158 

A METHOD OF CORRECTING P-WAVE MAGNITUDES 

FOR THE EFFECT OF EARTHQUAKE FOCAL MECHANISM 

by 

Atiq A. Syed and Otto W. Nuttli 

Department of Earth and Atmospheric Sciences 
Saint Louis University 

St. Louis, Missouri 63103 

Contract F 19628-70-C-0036 
Project No. 8652 

SCIENTIFIC REPORT NO. 6 
January 1972 

Contract Monitor: Stanley M. Needleman 
Terrestrial Sciences Laboratory 

The views and conclusions contained in this document 
are those of the author and should not be interpreted 
as necessarily representing the official policies, either 

expressed or implied, of the Advanced Research Proj- 
ects Agency or the U.S. Government. 

Approved for public release; distribution unlimited. 

Sponsored by 
Advanced Research Projects Agency 

ARPA Order No. 0292 

Monitored by 

Air Force Cambridge Research Laboratories 
Air Force Systems Command 

United States Air Force 
Bedford, Massachusetts 01730 

Reprinted from the Bulletin e( the Soiimelet 
kol Sectety el America. Vol. 61. No   6. pp. 
1i1Mt26. Decem*tr 1971. 



Bulletin of the Seismological Society of America.    Vol. 61, No. 6, pp. 1811-1826.    December, 1971 

A METHOD OF CORRECTING /'WAVK MAGNITUDES FOR THE Kl IIXT 
Of EARTHQUAKE FOCAL MECHANISM 

ATIQ A. SrED* AND OTTO \V. XITTU 

AltsriiACT 

This paper presents a methodology for correcting body-wave magnitudes for 
the effect of focal mechanism in a routine manner. The method requires a knowledge 

of the prevailing or dominant mechanism for a geographic region, from which 

tables are constructed which enable one to make the necessary correction. Included 

in the paper are tables for Aleutian Island, Kamchatka and mid-Atlantic Ocean 
earthquakes. 

From a study of seven earthquakes, it is concluded that the present method 

gives essentially the same average magnitude with the same standard deviation 

as a more exact method of correcting for the focal mechanism. The latter method 

uses the focal-mechanism parameters of the earthquake, which must be determined 
independently for each earthquake. 

The existing distribution of seismograph stations is such that transform-fault 
earthquakes of the mid-Atlcntic Ocean will consistently have their P-wave magni- 

tudes underestimated by about 0.2 magnitude units, if no correction is made 'or the 

focal mechanism. On the other hand, /»-wave magnitudes of earthquakes in Kamchatka 
and south of the axis of the Aleutian Trench will be overestimated by about 0.2 
units. 

IsrudDif rioN 

.'■'i'iasiiitlyol'.'nrilKiuMk,. stMii.ti.s, it is (il.>iiiil)l.. tothmity tmbm&e rvmt* meeotA- 
inn to llirir ivlaliw MIIII alw.lul,. sl/.v. T\H- miuvpi „f BMWBitlMfe, as iMlm.liin-.i by 
Kleiner (I!«,-)), lirsl ma.le llns el.issidcaii,,,, pomifaie. Il.mever. fof llie siu.lv  |a he 
Mieaninmlul, il  is mwi—iy in makr liw .leimi.inali.m of earlli.|iiake inauiiim.l.. n, 

.lependent ol MMNMIMW |>r.tpaKalii>M eoadhioM and of il xisti,,« .JKiiilMition of 
sfismnurapli sialitiiis. 

I"la MifuTM -..lim. loMted it. an   llarlh MmM »lii.'l. N lalnallv   liuinnurt M 
QnteohMi an.l RfchtcrV (MMS) fummk tat il.r UHU wmw nwipiliMili. m,.. ran u" 
N rillen as 

'"•      I<m (A  D 4 t}tl>. ± ,| , 

wliere .1 i. Kn.uiKl .■miplitiKl.-. f i.. mnmfmmMtm I""'»«!. • '•..• had .lepii, mi ± 
ihr .•i.i.vniral .li.ian.v   I >,.p.„iiiie. imm ihi« iil.al mm .m- MMl h\ l.iirr.il li.i.-n. 
UenelH in V.I.Milv Mai l.x  lit.- (.Mal III. •■|,..|||.|II    Ih,. r,.rm. r ilHlll.!.-. rO.-rl. ;,| il,.. .,., 

nun an.l il.r ^.unv. »IM.-I. max U- l.ir«.-11 il..- rii> |KI)II. rn.« .I.M-, n.|iiiu "jl   liLil. 
plale. l.lan.l.. I'd». T>,^„ ., ,,/.. |.»7| ,.   11 ||.-.l, ..t I.H-,1 I„^I,;I„|.|II , „I ,•.„.,  ;1 

niilur l.irue UIKI.I   or ••vcn-iinmiiiHi ..| ill.- ni.i8iiiiii.|.-. .|.|NIHIIMS MI-.I, il,.. ,|,.IMINI 

IK.II ..( M Liiw^miJ, ,i.iii.,n. mi id mlnilniiiDü ihr IH.IKHIIIHI.- IV.MI .STut.-n,. i-Cn 

J:.n.M-l, i MHis - aiHMh.iMlm   {'M»   ,.. ^,1 „H ilM«|...i iii.|m.Mi,. il,...|. i!,,,,,,,. 
• N.I. ..I huh «a».- iii..Kf.ii.|.|.. |„ „.„.„h,,!,« il... .il.i-i ..I ihr mMN iwii.-rii .HI IIH- 

•  IV-M-I..   wMf-    ICMM   I  ...trml  «rimcn  IMMHNMI    Ih.      %ttm     \I»1I« 

tMI 
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recorded /'-wave amplitudes. Chaodra's (1970) method requires prior knowledge of 
the focal-mechanism parameters of the earthquake. Because such data pneraUy are 
nol available, the method oarmol be applied on a routine basis. In Jarosch's (1968) 
method, a focal-mechanism solution Is oalcidated from iho .signs of the lirst r motion 
and the amplitudes of I'. The amplitudes of P, then, arc corrected for the radiation 
pattern and used to determine the body-wave magnitude. A limitation of the method 
for practical purposes is that it requires a larp amount of data well distributed in 
azimulh, signs of (irst /'motion, and a rather extensive set of ealculations. The purpose 
of the present study is to develop a simple met hod which routinely can be used to ob 
lain body-wave tMgnituds estimates that are corrected for the local mechanism. To 
this end, the concept of a dominant local mechanism, representative of the mechanism 
of eartli(|ual<es in a given liypocenlra! region, is introduced. 

TIIKOUV 

The /'-wave displacement, u the surface of a focal sphere of radius H, owing to a 

double-couple source with forces A'(/), is given bv  (Hessonova il ed., 1!»(K); Stander 
lUCr.M 

ii = '.'.n/A't/ - #/«) lirprtV (2) 

where p is the. density, ■ the /'-wav.' velocity and A''(/) the time derivative of KU). 

The (|uaiitities ,c and // depend upon the orientation of the forces of the couple and the 

location of the point on the surface of the focal sphere at which the particle displace 
mem is being calculated. Iviuatioiis for g and | are given in the Appendix. 

All the terms in eqpMtiM ("-') except for fey are constant on the surface of the focal 
>phere. Thus, the observed /'wave amplitude, when divided by -.V//, are corrected in a 

relative sense for the earlhi|Uake radiation paliern. Iii»m the ei|iialioii> given in the 
ApiM'ttdix, it can \h' >lioun that the abs<iluie value of 2.17/ varies intm MB lo iiniix. 

Hy a >imple integration, it luilher can k> -howti that the average val if   JJ-I,   over 
the -urface of the local .phetv i> I Aw or approvimai^ly OAJi. TliiK in onler loii.neci 
the observed ainpliiitde for tl ITect of the IVM-.II iiiechaiiiMn in an ah-M.liiie X'IIH-. il i* 
llece-ar> to millliplv the amplituile b> ULM _•.,,/ fhh «ill rrdmv Ihe oU-mil 

/'wave amplitiid)- from a double couple «oiirce lo thai wliich il umild U- fnuii a 

«pheiicalh H.vmntfirir MHim>, whtwr li>|Miilieiical ainpliinde i« IIM- .ivrnigc over ilie 

*l,rf:M • *• l"<•!,l -plMTf of ihr .icin.il ainpliiiHli- Inini ihe •loiihi.- .1.111.1,  ^.umv 
lor IMH|\ nitVf niagniiiKle <l< i.rniinaih.if. it  i- U-.i  to II^< «Inin In.m •I.HH.II* 

.h-iaiti fn.ni IHHI.II liiM.. i,.. ujil, 1.,^. fey farh.r.. \..I ..iil\ „n- .inipliiiHi.» m IIM- 

«.•LiiMHtraiii h.ru.r ami I... .iilijtfi 1.. .rn.r^ •>( iii.aMiniiHiil. INII. RUI l.it MM-I. -I.-I 

iion«. «nmll ern.r- in IIH< »..rjil mfcl.iini.ni |inrnNM-iir> «ill li!i\.- a niininml .H.-ri ii|aHi 

il..- V.IIIK- nf Jr» wmi in ."hi. ii.« ih.   •niiilini.li- t..r il..- nnliain.n ft/mm ••! IIM- . irtli 
■ |<lakc. 

l-JinlHimikf M bnMl in ■ «it.n M^hN «iiMl 1» ha*.- Mniil.1t r.«Til nirrlniiifni«. 
«Inrli i. in k.^iMiic «till IIM- tliH.n ..I plMi MMhi flHHkl •' -i. \**HS.\  iin .i,. 

'" •"•'• ••■< rliarrrt-t.n.iir f.wt .xft i.u Kn.t. M |«^>iitr..l n-g».!.- Inl n«-H. .ni«m 
|i.iriniii«-r« U« -.% ili.niin.ini .H .itrmgr nuTlmni.ni.rf . t<«i..i> ra« i. .k-irmiitMil  I Ma 

il.t. IIM- Jf« hMM r*n W rabiilainl f.« r»H. ^-•Hwi«t»H> Mainm. <t«i , >..i .^ Zn 
1.. ...r» run U- o^niiiUI i..f .-«Il ^p«MN.«ni|4i •miiiin. I««t an» .-«rilMiii«!,. m ihn tn^m 
11H I1.1.4 .',,1^1.^. ,. „nl,,,,!....... • „.  Iir.! ,1 1. it-^l 1.. letin   ^ .iM,4*nr ilwi 

• hr »rfiml liaml MTHMMMM »I iKr wmnhtftAf nrtifcitVM* It» ihr tlmwimnn ,mt iH«..| 



MKTIU.I.   OK  (OHUK.TlMi   /'WAVE   M AdM IT1.KS   FOR   FOCAL   MK.HAMSM       1813 

Kissli.^.r a.ul Nultli, mi ). Sm.iul, If it is .slahlislu'd thai the local mechanism is 
normal, the list is used to selecl those stations which have P waves of b*p an.phtiul." 
and, therefore, arc best suited for mainituie determination, 

Consider the sublisl of seUmograph stations for which 2xy > 0.424. ( all (/m,), the 
magnitude, oorreoted for the local mechanism, tor the /'th of n such »tatioas for which 
/'wave ainplitiulc data are available. Then 

1 U mh*{toymn)< + Qi' 

The iinconvcled MiaKiiitude, («H.« ), . is tfiven bv 

(»„,,„), = ion (.1   '/'), + (J. 

In.n. uhieh it follows that the masnilude ealcnlaled from the Tth station is 

{in,.), = Uih,.„). - fa| <-■''.'/ ••434 '.• 

The average magnitude, based ii|.on the data of N stations, is 

  - (J  .,)/" - {%  >)/'• - {t* ,-"" "•'■-,»')/"- 
«H I.M MM or. the ri«hi ban.! MB of e.,uaiion (3 i i> tin- nmgnilucle of lhe«Mlh 
.p.ake. -■niHDUl for the local mecl i>n.. It may »*■ called The ■ nd MM. 
railed A', i« a|t|iro\inialel\ e<|ilal lo 

(.1) 

-(l>K (^"«-'»•j/v. H  S  .V 

«iM-re Vi. lb-lota! nUroftb.-.ii n-of lb.--uhlM lor «lurb .V./ > « «.I ^ •- 
. .......,:„,. for all carlbMUak I UN M|  1«*«* ihr .lon.ii.al.t b«:.   merlwnwii. 
„„.I. ,1,,,.. ,„„> b call..! tb- n-iti"Mid MHMUM iTtor. a- h .«wt.-.uM In IPHNM« 

ciiiiatun <;ii :•* 

IN« « »»». + r. <l> 

IM , H. ,.n.xHl.-. a .m.|.b- pn^-hin- l»r ^Irula«!»« MP^" tt,,
l
M•,, ^ 

„.rn^.,1 l..r .l..-.fl.Tt...' 1»tm\ mrrl«i.i-w.««r. «b. .'., .:.r...r. Md l«»Wi»«» 

:in. r^ul.^l .-.r =. «n  ...n^rMJ. -MlNI =...1 ||#M "f^»^ 
lM«t. il» .MT.«.- -   •»"•" 'I» .I:.!."« «IH« ••••-»• N -l-H-l. Im > «» »-I »i-l "•■•• 
i.. tin« «iiwnitH il»- lalwil««"! vnfc» ••• I 

-III-   11      "" < '-"N* 

^j^a^i»^J^l^liifciM*wi>"■ —I** ,•-,,- ^■•"^••,-" 

*^v«... *pi «^^- .*• ••«• ••— ^^- - •"*■• •,',*,":1
,i: i^llt 
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a stefle dominant meohankra, tor the mid-Atlantic Ocean, the mechanisms are of the 
tensional type, as associated with ridg'es, or of the strike-slip type, as associated with 
transform faults along fracture zones. 

AkuHan rämds. The first group (Group I 1 of Aleutian Island earthquakes is based 
on ih.' common focal-mechanism solutions of l_' earthquakes in the Bat islands. The 
ocations of these earthquakes, as well as those of the other Aleutian groups, are shown 

n. Figure 1. Stauder (1968a) and Stauderand B nger (1964 ) determined the focal- 
»»echaniBm parameters of these earthquakes. The averages of these parameters, which 
arc taken to be those of the duminani focal m, ehanism, are: .V axis (azimuth 32ö?3 ± 
■"•?(), plunge 14?3 ± ß°2), )' axis (»ximuth iwi?;; ± 20?2, plunge •."L

,
?;J ± 5?7). The 

X and )■ ax.'sare ili, axes of the forces of the double-couple mechanism, Because the 
• lommani local meelianism paiameiers haw been obtained by taking the arithmetic 

170 175 180 '75             170             165 160 
*■   '    l,"' r:'1 ,,M-" '   Xl-""-"' '-'•'•"• .•.•1rlh,|1..-,k,.s. «„I, pM , ,.. .,,,„ ,„ ,„,,., 

M luuiim. 

,":r:"l,•,,,1
,,:,■ '-'•:,r,,',l"^ I <!...,.■,:,.„,.  ,. Im, A Mrf )   ave^areno. ev.cK 

"!ti ■ "■' ' "r'^""H-. h H.i.MM,..rtlM,ttn,1:ili.. can U. .„■hi.-vci hx 'rrnii lii_ il.c *mm... ,i,..) p.. in .... Allv... :1„ „, ,<im ,,„,„„.,„.,., (.(()(lil li). r|i;iMuiii| d 
MMMM»M*»MwJ| Ml ) .•i\.-iiitiiii:,lh i« riHM-hcuhr 

Tl.- M MH^I,..,,..,,, ..t .■:.r.lMl.,..k.- ... .;„  Al.„„;.n M.m.l.. MIM - .u 

S ',,r f1** ",M- /,w'v- •-'••l H« |J> -in u :....! .1.- ..,|„.r k ...I,,...«. 
"^"«•••I   V ihn .1» L.n.r... be ,|„. fa* ,,!..  s.:,,,.!,^ (i,MiVl, .,,„„„, l|(.  
HMM .. . l...,..r,..n..M-... .I.m.. i:,..|.,.,R :,!.„„, ., H:|(I.. ,,,,.,„„„ „ .,,„.„, ,.,   (i>  „ 

umlrt .IH   ..LUNI M    n«   nb..*.   .,H..N.„ ... .1... .„Hfcr.lmj..  LUk .. ...«..,.1   
flt«lliNr«l 

.»«!  v"'  "."' "M   ' S ■ "•"**«"•'•   -   I •"•...^ Mt» «MMI ...r   .11 .I,.- 
7^7^.^? '^ * ' ***** -•••"■■*. .H. •• ..Nrt... ... Ml m MNiM I. I ... 

T L". "i"*' ,,'l,,, ,•,,,"•,,,r!,' ',,*",," »»"» "< -'■•   - ••■•   TV r.-..!.. .r. Kn..„ 
• i .I* i TI«-I.»|.«^I.,.4 tin .„th.,,,.^. .j i.4inMM •. ma  ..' I \ I". ; K. 
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was taken to be representative of the earthquakes of Group 1, Aleutian Islands, for the 
purpose of calculating eploentral distances, angles of incidence ai the incus and azi- 
muths of the great circle paths from the epicenter to the stations, 

The lirsi sei of stations in Table I, for which 2xy > 0.424, correspond to those that 
are in be used for magnitude determinations, li can be observed thai the only stations 
in the United Stales which will have larger-than-average I' ampiltudes arc t)(ll) and 
WES, whereas, almost all European and Asian stations will have large values,'rims, 
a /'wave magnitude for an earthquake in this region, if it principally is based npmi 
data from United Stales stations and if no focal-mechanism correction is made, will be 
underestimated. The minus signs preceding the Ini factor for some stations indicate 

TABLE l 
in/ we /■'* FACTOKS FOB AI.KI IIVN Isi.was, GROUP I EAim-iQüAKBia 

Station Uy Station 2xy SWIoB -Vw siaii.m J<v 

AKl 0,798 MS 11 0.980 AIU; 0.188 MM! -11.127 

kqv II.,Slil MM 0.1101 AKl (i.:iti7 JCT 0.137 

AIT 0.883 MIA 0.B80 ALQ 0,093 l.ON 11.1171 

BAG 0.879 NOl! 0.808 ATI, 0.308 l.l'S 0.181 

BEC 0.42-1 MI; 11. Ill ill Kill' 0.288 LI'H 0.131 

cc«; 11.717 OQD 11. lull MKS -0.060 MUS 0.333 

CMC 11. it»; I'liA 11.7111 HI,A 0.362 MIIT 0.331 

cor 11 sun !'()() 0.887 MI.O 0,360 MNN 0.307 

ESK 0.838 PTC) 0.788 IK H ; 0.276 MIN 0.389 

C.DII o.niiM QÜE 11.lit.') BOZ 0.186 OXF 0.387 

IIKC 0.683 si;o 0.728 CAR 0.388 I'MC 0.066 

III.W ll.SN-' sin 11 11117 COB 0,032 QU1 0.321 

now 0.sn Sill, 0,848 (TA 0.080 BAB 0.031 

1ST IIIIIIJ SM; 11.ill 111 1)1 0.218 BAH -0.303 

,11:11 11. Sill SI'C 0.860 DAI, 0.184 BCD 0.813 

KEV 0,888 TAB 11. IIL'S HAV -0.384 KIV 0.079 

KM' 0.878 TOl, 11.sill DUO 0.073 l!OI. 0.266 

KOI» 11  Sll.'i ■nil 0.871 KI.O 0.388 SCI' 11 1111 

Kt »N ll.s7■J iMh: 0.888 OEO 0,398 SI IA 0.388 

I.All 11 HI.') \ Al, 0.806 OIE 0.138 SI.M 0.274 

MAI, 11 7117 wi:s 11  Hit col. 11 III TAT 11 ins 

MAN D.M0 osc 0.032 ITC 0.017 

MAT 0.180 \AM 11 am OUA 0.182 Wl.l, 0.048 

• /•■  1;. •mniiiil .•cure Pl inll   I'MI'II, -0.38. 

IIKII ihedireciioiior-cnseol ihe lirsl /'motional iho>e-tat ions u illiie oppo-ile that at 

all other -talion-. 
The rarih(|Uake> ol (Iroiip J of the Aleulian islands eMend aloiiii the arc Irom the 

Andreaiiull to the lo\ Man.l-, a-can l.e >een in 1 itfiire 1. An averse local mechanism 

i- calculMted Irom the mechani-in parameter- ol nine earllHiual.c-, w delernnni'd In 

Slaildrr and fdla- (HMSI), ll- \alue- are; .V axis la/,imulh :!(>:;> i II?!, pluniii' 

•_'.;.(1 t  7.7'. )  a\i- lazimmh I'.U.I -t 7.1, ttliintfe ;!('i>  t  S?2). 
Talile 1 piv-cni- the 2fy and /' tacior> lor (Iroup _'. Aleutian l-laiid earihi|uake>. 

Almo-t all ol ihe -lalion- »iih Ji-/ > (l.l-'l ale in A-ia or the -ouihue-t racitic. Thu- 

/' wave mauniiiide e-limate- lor carilMHi.ikc- in ihi- nuion which relv heavil,\ upon 

United Stale« .•lliii KwOfHWI data will lie loo -mall, IllllgW I correction ior the local 

incciialli'-hi i> made. 
riiei-arlliiillakool •in)lip:;ol the Aleut »an I-land-are located in a narrow lialid jn-t 
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to tho south of the axis of the Alcniimi Trench, us shown in Figure I. Stauder (1068b) 
determined focal mechanisms for II earthquakes of this group. Although the /'wave 
nodal planes dip al about I he same angle for all these earthquakes, their st rike direct ions 
change as the orientation of the axis of the trench changes. For this reason, ii was 
decided to subdivide the group of earthquflkes into two pans, a western (Group 3b) 
and an eastern (Group 3a). Average focal mechanism parameters for Group ■>u are; 
.V axis (azimuth 166?9 ± V2°4, phmgo 42?9 ± 7M ), )' axis (azimuth 330?1 rfc 31?4, 
plunge .'«i?! ± 7?3). For Group ;il) they are: .V axis (azimuth l((?() ± 13?5, plunge 
4()?0 ± 1?!»), F-axis (azimuth 231?0 ± 7?8, plunge 43?7 ± 3?8), Moth /'-wave nodal 
planes dip al about -I,')", and their strikes are approximately parallel to the trend of the 

TABLE -' 
L'J-//. wi) /•'* PACTOBS fön AI.KITIAN ISLANDS, OROOP 2 EAKTHQUAKBS 

Statioa 2.vj siaiicm ii.v Station .'iv Station J,i.i 

ADt: IM»;! 
BAG 0.894 TAU 0,474 DI 0.010 NT'lt 0.369 
(TA O.llir. TAT I»,5511 DAL 0.017 (HID OII'.IS 
ÜUA i).s.r).s DUO -ii.oil OXF otiis 
HKC O.H72 AAM 0.068 ESK 0.^8 PDA 0.043 
IIIAV 0.486 AK! 0.1SII KI.O 0.044 ITO 0.380 
"Mi 0.886 AKT 0.188 CDU 0.074 1^1'' 0.133 
HOW 0.734 ALQ -0.089 OßO 0.091 IIAII 0.13] 
JEH 0.151 AQÜ 0.343 OIE 0.098 liCD 0.011 
(COD 0.706 ATU o :!!)i QOL -o.oio liol, OODII 

l-AII 0.638 ATL 0.070 liSC -0.098 8CP 0.087 
MAN 0.898 BEC 0.134 IST 0.396 SIIA 0.063 
MSII 0.888 BHP 0.117 KEV 0.803 SL.M 0.047 
N'DI 0.868 BKö 0.099 KIP -0.314 S'IT 0.301 
MIA 0.84® BLA 0.081 KON 0.LM2 TOL 0.897 
PMG 0.691 BLO 0.067 LON -0.038 TR] 0.331 
POO 0.670 BOO 0.111 IJ'S 0.088 TliN 0.175 
QÜE 0.696 MOZ -0.008 LUB -0.008 TÜC -0,060 
1! AH 0.671 CAR 0.160 MAL 0.304 f.MK o.i'{7 
luv o.sea       ("Cd 0.088       MDS 0.050       VAL 0.337 
8BO 0.878 CMC 0.013 MUT 0.084 WKI, 0.403 
SIN 0.834 COP 0.27:' MN\ 0.010 WKS 0.103 

' /•'. Regional correction factor - —0.30. 

trench. The earthquakes a« of extensional character, with the axis of tension per- 
pendicular to the axis of the trench. 

'Cables ;{ and 4 contain the names of the seismograph stalions to he used for /'-wave 
mannilude determination for earthquakes of Group ;{a and ;{b, respectively, of the 
Aleutian Islands. For (Iroup ;{a earthquakes, all except three stations in the distance 
ranne 2")0 to 100° have Irt/ > 0.424. This indicates that the geometry of the focal 
mechanism is such that the ray paths to most seismograph stations will intersect the 
focal sphere at points where the /'-wave amplitudes are greater than the average over 
the surface of the focal sphere. Thus, /'-wave magnitudes for earthquakes of this region 
which are uncorrected for the elfects of focal mechanism will be too larjie. Note also 
for (iroup 3a and 3b earthquakes that all 2.n/ factors have the same sinn. 

Kaini/ialka. On the basis of the focal mechanism solutions of 111 earthquakes, as 
niven by I'diasand Slander (l!Mi4 ), it app m thai all earthquakes located on the east 
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eoasl of the Kamchatka pi'iiiiisulu have stoilar meohaniMus. Figure 2 sbowa the bea- 
lion of the earthquakes. The domiaanl focal-mechaniiHn parameters for this g^oup oi 
earthquakes are :J-wdfl (azimuth 817?3 ± 10?8, plunge 40?8±4?2)1 K-axis (aaimuth 
132?7 ± 13?!, plimp48?5 ± 4?6), 

According to üdias and Stauder, the chajaeteristlo feature of the focal-raechamsm 
solutions of tins group of earthquakes is a steeply inclined, near-vertical axis of ten 
sion. The /'-wave nodal planes dip about  to" cad« and strike in a norllieasl direction. 
In mosi cases, the pressure axis is normal to the direction of the coast of Kamchatka. 

The list of stations witli their 2xy factors for Kamchatka earthquakes is given in 
Table .">. Almost all stations in the distance range of teleseismic /' have In/ > 0,424, 

TABLE 3 
in/, AMI /•'*  KuTHUS KOII  Al.Kl livs   lsi,\\ii>, ÜHOCP 3A  EAnTHQUAKM 

Uy Slalion Jn Su,li..i, tX) Slali.m 

AAM 
ADE 
\KV 
ALQ 
AQU 
ATf 
ATI. 
BA( 1 
BEC 
BHP 
HKS 
BLA 
BLO 
B( >< • 
B< )Z 
CAB 
('('(i 

CMC 
COP 
COB 
1)1 
DAI, 

* /•', üctjiiiiKil correction faetor  ■ —OJB. 

which indicates that ivlativelv bup /'wave amplitudes m I" be expected at all >la 
tions, As for Group 3, Aleutian Island earth.,iiakes, all of the station> m 'I able .. have 

the same sinn for the L'.n/ factor. 
Uhl-Mlantir Orcnn. The mid-Atlantic Ocean earthquakes divide into two uronp.. 

lension-tvpe associated with the rtdge and strike-slip associated vMth the traii«lorm 
faults of'the fracture zones. I^ure 3 «bows the location of Jtt earlh<|Uake> lor which 

published focal mechanism solutions are available. 
Croup 1 of the mid-Allantic consists of earthquakes of the transform laull type. 

gykes (mi) and Slander and Hollinner (1808) nave local mechanism solution- lor 
seven earthquake« of this poop. Their average parameters are; A axi> ^/.imnth 
"740C. ± -04, pluiiKeC?! ± 7?»), ^ axis (a/.imuth 4?!) ± 7?7. phtRp 27« ±   ll.l). 

Two problems were eneoUtttered in preparing a list of siMtions to be wed lor man 

niM1(l,. determination for Allantic Ocean earlh.,uakes.  Tirst. the orieniaimn ol  Me 

J.l V Slalion - > y Million jiy 

0.808 SCI" 0.741 DTJO 0,888 MAN ().7.r)(i 

0.868 E8K 0.818 MDS 0.7'J7 SKO 0.4(iN 

11.571 FLO (),7:is MUT (1.722 SNA 0,783 

0.678 enn 0,880 MNN 0.715 Sill 0.(171» 

n.cflfi GEO (1.7(>l MSII 0.888 SMI, (i.dll 

0.897 dii': (l.77;t NDI (Mi:iK Sl.M 0.7:t.s 

I».7ti7 cot. (I.CKSCI MIA 0.840 STC ((.(Miß 

0.801 (;sc u.doi NNA 0.806 TAB 0.(i5:t 

0.800 QUA o.raa Ml! 0.847 TO I, ().7:{5 

0.80B IIKC ().5,Sti ()(i|) 0.780 Tl!l O.CiSO 

0.889 IIM{ 0. I!»N OXF 0.748 Tl!\ o.si:< 

0.7(i7 HOW 0.(i44 PDA 0.771 TIC (Mi 15 

(1.7 Ml 1ST ti (;7i BMG 0.867 IMI; i.M 

O.HL'S JEH l).(>l)5 poo 0.887 VAI, B.8H 

0.874 KI;\ 0. Hi'.' 1TO ().7:t7 WEL IMilli 

0.8*1 KOI) O.CiDS QUK 0.084 \vi;s 0.711 

0.455 K( )N (l..r>S(l QÜ1 0.818 

0.809 I.Atl o.di'ii BAB (1.52(1 AIM 0  (07 

O.lill I.( )N O.liHt BAB 0.461 KIP 0 (152 

(Mill l.l'S (1.7ti!) BCD o.ns NOI: o ;t!i7 

0.686 I.IH ().7n'J I;I\ O.lW.I 

0.724 MAI. 0.748 liOl. 0.734 
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iiodiii planes is such thai almosl till P waves arriving al teleseismic distaufles will haw 
sniiill L',17/ factors (relatively small 1' ampütudes). Thus, one is forced to use data from 

«tations with 2a;|/factors less than the average of the values over the surface of the focal 
sphere. For this special group, we will require only thai 2xy > 0.30. The regional 
correction factor, /•', will accordingly be positive. 

The second problem arises from the fad thai the epicenters of Grwip I, mid-Atlantic 
earthquakes are spread over a large geographic area. Thus it is not possible to assign a 
■•typical" epicenter for all earthquakes of this group. Because the 2xy factor depends 
upon epiceiitral distal and a/imuth from the epicenter to the seismograph station as 
well as the focal-mechanism parameters, no single value of 2xy will apply to all earth- 

AAM 
AUK 
AKl 
At^l 
A'lT 
ATI. 
HAH 
iu:c 
Hill1 

HI.A 
HI.«» 
I« N I 
(Al; 
( ( (; 
( ui' 

VTA 
I:SK 
I l.n 
lilHI 
".III 

1.11: 
riKr 

TABLE I 

■Iri, itm /•■♦ FACTOHS roH AI.KIIIW [SLANDS, QHOOT 3B EAUTOQUAKHS 

i*y Station 2« Station txji Station Jl.V 

• f, itncnmal r. 

0. Ijl.'l III.W (1.(1(18 POO 0,969 AIM 0.423 
O.flSJ I ll)\V II.IKI; PTi > 0.,S41 ALQ 0.406 
0.088 1ST 0.044 QUE 0.080 BKS 0,821 
ll.!H).r> JKI! (i.(i7;i HAH 0.806 HO/ 0,320 
().!M2 KKV 0.783 lil\ 0,190 CMC 0.278 
0..W1 Kill) 0.988 HOL 0.472 COli 0.268 
0.003 Kl >\ 0.81S SCI« 0,689 Dl 0,338 
0.043 I.AII 0.B88 SEO 0,«48 ore; 0,344 
(i.nr.i LI'S 0,806 S1IA 0J86 OOL 0,384 
Q.sn I.IH 0.44(1 SIM 0.986 use 0 o7l 
(i Ml MAI. 0.800 SHI, o.ses QUA 0,368 
O.flA] MAN 0,808 SI.M 0.474 IINI! 0,384 
0.873 Ml IS 0.117 HTU 0.S70 KM' 0,313 n n MUT o.4;i:i TAB 0.(17(1 I.ON 0,881 
llMT MSI! 0.983 TAU 0.618 MNN 0. 117 
II .-.Ill MIN 0.704 T()l, 0.861 I'Mli 0.132 
II. "'.IS NDI ll,lt.r),S TIM O.SOI HAH O.:IIJ 
II  171 NIIA 0.7;« r.\ii: O.Sltl l!('l) O.:!!!'.' 
11 ."iJI sou 0,880 \ Al, 0.7.S7 ITC II. ill 
II Ml mil) o.r.u \VI;I. (liVL' 
ii Mi 11\ 1 0. Kill WES 0.868 
0 Ml I'llA (I.7.S7 

ni'illnli   lnrlnl II.L'L' 

«IM.ike. ul ihr uroiip. The only way to handle this problem is to calculale sets of L'.,// 

larloix each « I uhich aippliesonly to epicenters in a limited ranKe of latitude and 
loiiuinidc. 

Table »1 appli,... to (ironp I. mi,| \i|;mii,. carth(|iiakes with epicenters Irom 7 to 

II \. :!r, io |:; W. Similar tab!,- can He prepared for Croup I earthquakes with 

■ •puvnteix that lall o.it-id,. the-e iDOgniphk! liiiiils. The stations are divided into seis, 

conv-iHrndnm la 2*lf l.einu pmleror less ihan O.JIM). All stations in Africa and Kumpe! 

wiili ibc evepn-.n ut tkatm in Spain, belong io the seeond sei, indicating that /' wave 
Jdiptilude- at -lation. on tho-c i'oiiiiiii'iits uill lie relatively very small. 

Tllirleeii local mechalUMU «nluljoiis. as uiveii by Misharilia (1904 I, were averaged 

to «ivi- the para met.-r. of ||K dominant mechanism of (iroiip J, mid Atlantic earlh- 
.|ii.ikev | orilie ai i l,.|Uak.-. the leicioii axis is near hori/onlal and perpendicular to 

tin- ndue a\k ..M.l ih,. ftmrnm Mill approximately hori/onlal and parallel to the ridiie 
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axis. The avenge rucchanism parameters arc: .V axis (a/.imulii 222°7 ± 27° I, plunge 
IN?S ± sV.i), )' axis (a/.imulh ;{l.-)?4 ± 27?(), plunp 20?4 ± 6?6). For this group of 
earthquakes, the stations in North and South America have 2.ny faotors greater than 
().4L'4, with oorreBpontUog relatively larp /'-wave amplitudes. 

Similar to Qroup 1, the earthquakes of this group can have a large geographic separa- 
tion, hir this reason, the computed L'.n/factors are valid only for earthquakes occurring 
in a limited geographic region. As an example, Table 7 gives the list of 2xy factors for 
Group "-', mid-Atlantic earthquakes with epicenteir b-.-tween 4(t0 to 560N and ''.S0 io 
;{.-)0\V. 

APPLICATION OP THE MSTHOD 

/'-wave amplitudes are affected not only by the focal mechanism, but also by crust 

and upper-mantle structure near the source and the station. The conventional method 

I'lii. 2. Kpirnitnil toeation >>i Kuiiehiitka rarttwiwkft. 

of oblainin« m,, ulili/.es .1 7' values obtained from short jieriod. vertical i-umiHiiiein 

selsmonraphs. However, long period /' waves are more coherent across an jirr:i> ilian 

short period ones, wilii their amplitudes :ind wave form exhibilinn little de|»eiid.'iirr 

upon variations in jreological structures beneath the array. Syed (I'.MHl | detiHit^iraie«! 

this for I.ASA and Nuiili (M.Mil ). lor tlieSnint Louis rniversily neiwork in iliecetnr.il 

I nited Stales. Therefore, a decision wa» made In NH loliu period /' wave ainplitiMle« 

in the present studv, in urder to minimi/.e the elTecl» of «•riistal «iruciiire mi llie am 

plitllde» and, ihlls.  to eniplia>ize the effect« of the focal meclialiiMii. 

It   Imiher was decide«',  to make UM ot  ihr .'implitilde ol  the lifl  hall rxele ••!  tin 

/'wave motion, rather 'ban the maximum in the lit«i tin r more rvrle«. m Is m« 
totnarx when sholl jieriod data are il«ed. Till« reditci-* tin- iii|ii|ilir:ilui|i« nuinit in 

crn>tal effects :it the «t.-itioli, iiii4ildiliu e-on\eilei| >' \\;ive« and leaklliu intMl.- /'/. MMMH 

The mea^ut'i'd am|ililUiie« were ■'cotTerled" lor the lrei|iieiif\  nM>|Mill««> ill tin- ••■IMIUI 
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tu mm Ml ■ I*I IIH ■ M Ill« »TM 
ItU mm* Ml«. •• •.. «l«l n «ni ••i II r«!! 

«I« ■ rc • •h ■ Ml «l«\ u .«l& i •• n M-i 
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• ni ■ •1 ■.:»• «Ml II ■*•: •l«l II T*». 

%II • *u wr ■ •«2 «11 \ it m KJCCI II lAft 

«ti • :* •a « II  M. MM •i »H -II il 7IS 

MM min: MM MB Ml« it ■- ■■• l«ll ll lift 

Mi m*K III« ■ ;» Mill II .V> 1 «1 •i 711 

HM m ■ * HMI n m Ml« II .Vli Tnl. n ^il 

M « n «il ii"« MB mill ll \U Ii:l II ;IH 

•■'•■ ii «K; If*? it iM ii\l II «Ik. TIT II 7Ä 
m« II ni» JIT II 774 I'M« ll M IMI II   V«i 

• i.. - •. i Jilt II ni ma 1 .V.7 « IL n 711 

GMT n •./• Kl\ ll .Vtt Ihm II i.r i \\l 1. II I.MI 

OOP n • .• ■mi II ;i« m • ll T'Ci men II M 
nut H i.tl KMS n lA/ in» O l.|l. 

«T« II Ml l.\ll o .'i?! I:\II II    IV. Kll* II M 

HI •' :.-• M»\ n m i:«it il .VM sim ll llll 

M«l. n r« VH II  VII Rcni II M 

* »   llr«M.i«il r.rtrmMii. Inri.ir -   -O.'Ä 

Ihithi ij viilm-. In ll VIIII|III- «hirh fniiitw. ilw <"<. ValUH »livi'ii MV tiüMt (ililiiiiifii 

■ i-ii.« I huh'- Q l:ilili-. 
Si-vi-n riirlli'|ii:iki- of llii- Ali'iiiiiin l-laml- .niil mill Ailiiniir OIVMII mn «leeted 

liir-inih.liiii'-l ilii'tliiiin Mini iii»'iliiMiiil(it;\ iicvil<i|H'il in this piipcr. Tüblr s piVM-iils 

illllll fnrilll Alrllliilli l-hlllil.liliMlp l,i'iilllliHI!lkiM>l' l'i'l»ril;il\ »>, 1985. I'llUll the lilllli', 

il run IM' -»'I'll ili:ii tin- ttg iMrior- iirr !«■ liuiii 0.431 Im iml.v livr at the "«t ■tatiot». 

TliiTi'iitn', ii i- in In' i'\|MTinl iliiii ilii- MTMafe «( th« MI VüIIU-.-, nad its Rtandard 
ili'vialioii. will IH- ,ip|tii.\iiii:iirl.v ihr HMM lor llif ii.il:i nl nil M) sliilions M for the 2Ä 

lor whii'li 2.iti > 9AM. Thi- Wpiilftfall i^ (oiilirincil. The BVetlfe m for Jill slalitms 

h-iiil in tin- liilili- i- 8JR ± n..'.'. uiii'ii'M-, the hvenfe of the m values com^M&ag 

MlM > <ll-l i-li.;ll ± Ml. llowi'Vi'i'. iiiTiirdinn; lomir proeodttfe, we musl add llif 

ii-uiuiial i'i.rri'clion iMch.r, a- luiiiiil in Talili- I, ol -QM, 'i'liis »jives a I'onvclcil body- 

wavi' niaKi' <iiili' "I 8^18   t 0.21. 
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TABLE 1 
•.'/.(   \\l< f  Kv i-  l"ii   Mil> An-NM li . r,n,,i v 1   i;\lilHi;i \kKst 

AA.M 
WM 
wr 
AIü: 
ATI. 
m;{ 
Itl.A 
BW 
Hl >/. 
CMC 
CUI! 
DI 
UAL 
|)l!C. 
rLo 
(i K< i 
GOL 
LOK 
LI'A 

|.M 
B.sn 
B.S44 
ii :t:t!i 

9M\ 
(i MB 

-d :(?.» 
~(i :tr)l 

-O.BBI 
-B.3BB 
-S.IBa 
-0.371 
-O.L'Tll 
-().2;{.r) 
-o.:v2K 
-o.ses 
-0.881 
-0.215 

O.'.'lili 

l.l'K 
MI« 
MAI. 
MDS 
Mill' 
MNN 
NNA 
OOT) 
OXF 
liCI) 
HOL 
SCI' 
SIIA 
SI.M 

TOI. 
TUC 
wies 

AAK 

iiy M.llKUI Ut Mjlion U v 

B.BIB AKI' (1 IM'.I MSI! (1.077 

11 J.V. Ali! B.IBB NAI -fl.«7 
B.MB ATI' B.MB Ndi; -0.0B6 

(l.XU Hill' IMHIM NT'I! 0.(Ni'.> 

B.SBB MKS (lllll IMIA oor.» 
d.if.'l BCK) (I.IIHJ PRE -0.QB5 

(1 2ii7 BUL ~(l.(Ki!l IT<l 0.100 

ii tat CAM -0.11(1 QUE 0.070 

ii.;t'.ii ecu -O.lö'.l Qül 0.107 

■0.371 cop (I.O'll Slil o.omi 

o.m I:SK 0.0* IN S( IM 0.027 

-ii.;i!is (Ulli -O.IS" SI'A 0.041 

■0.810 mi': 0.0B1 »TV 0.188 

-0.883 (ISC -O.ÜKI PAH (1.107 

0.318 1ST 0.153 Tiil 0.169 

-0.313 .ii:i! 0.141 TUN -0.187 

-0,414 KI;\ 0.003 ÜME 0.039 

KON 0.069 V.M. 0.067 

(1.(171 l.l'S -0.139 WIN -0.134 

* I'", Regional correotlon factor ■ -1-0.14. 
t Latitude 7" i" ll'N, longitude 36° to i:i0W. 

Several comparison« can be made with this last number, namely, the magnitude 
baaed on long-period P-wave amplitudes which ims hern obtnted by using the meth- 
odology of Hiis paper to correct for the effects of focal mechanism. First, consider 
m based on long-period amplitudes but corrected In an "exact" sense for focal mecha- 
„ism by menus of equation ('-'), making use of Independently determined focal- 
mechanism parameters. This magnitude la found to be 6.09 ± 0.21, which differs by 
an iiisitrmCieuiit amount from the value above, Second, consider m* bused on short- 
period amplitudes. For this, we use as data sources the Earthquake Data Report oi 
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lit M«IMHI iiv RUUM iiv KteUn 

\\M 0 N.M l.n\ ■.AM Aqt) II OH MS II n inn 
Wxi B.TM l.l'S 11 701 ARK (1 :I7I NAI ii in 
ATI. ii Ml l.lll 11.7(17 ATI' (l.d'JI MH (MIL'S 

HI:« ' (I TJii Ml is IIM'l Mil, II Oil Mil! -0.371 
mil- il.iilll MI'T o.m cci; ll.lll Ml! -0.188 
HKS II IMU MNN II 7MI CMC ll.'.'lll ■ '(Id II INI'.' 
MI.A B.MB SNA ll.l.'Kl COP II.III:< nil: 0.018 
Kl.li 0 M mil) (I..S1II (11)11 -(1.171 UVV. 0.080 
Kl H i (i.WI »XF (I.,S:IL' III.W 0.008 SKI I -0.010 
MHZ 0.641 CJÜI II. ■.•.'•.' now II.IKII SIM -0.(117 
(All II. IM l!('|l 11.717 1ST 0,008 Sill. -IMKHI 
(«Hi II. ■)■>■) lull. ILH'-'M .ii:i! 0.008 S( )M 11.111 
I.I O.flW SCI' II.N7li KKV -0.348 STK 0,048 
DAI. ll.7!l!l SNA 0.833 KM1 

0.8B8 TAU -0.038 
Dfd II.Ill IS SI..M II.S:«I KOI) II.(Ill Tdl, 0.009 
FI.O (l.,S.'tll TIC 11.7117 KON -0.116 Tltl 0.088 
«iK«) II.X7I VVKS 0.900 I.AII -0.087 TI!N 0.806 
(UK ll."iS7 LPA 0.889 r.MK -ii.wt 
(i()|. 0.787 AAK -0.001 LPB 0.34Ö WIN II.IKK) 
(;s(' Oli'iS ANT 0.389 MAI, -0.047 

* /'', Itcuiniuil ciiiicciicpii factor = —(l.2:i. 
t Latitude l!ia to .r)ii0N. longitude L'S" to 35°W, 

TABLE 8 
/'VV\VK   AMI'MUDHS   \M)  MAONITüDES   I'llil   KKIHUMIV  (i,   l!l(i"l   BAHTHtJÜAKB* 

Station Distance \ogA r mi, Slalinn Distance log-4 r mi, 
(deg) 

38,0 am 
KICKI 

69.8 -0.540 ('(II, -0,187 5,99 8.37 
CMCt 36,8 -0,879 5.S2 WKSt 1111.5 -0.098 nil 
NOItt 40,4 -0.888 8,08 IKIWt 71.0 -0,193 8.83 
(IDIIt .i.!. 7 -l).54!l 8,19 coi't 71,7 -0,589 8,23 
IIKCt 85.8 -0.437 8.81 LAW 72.2 -0.321 (1.50 
BA( It 5li.ll -0.459 8,29 NDIt 72.,S -0.483 8,41 
KKVt ,51 i.^ -0.574 8,18 VAl.t 78.0 -0.(132 8,21 
KTllt 57.11 -0.734 11.(12 QÜEf 77.2 -0.344 (1.51 
MANt 57.(1 -0,104 (i.115 STUt 78. S -0.778 8.08 
LÜB 89,9 -11.(177 11.08 I'm it 82.8 -0.311 8,57 
DAVt 00,7 -0,088 8.26 ISTt 82.8 -0.509 8,37 

1 ).\ V (HI  1 -0,987 5.83 suit 84.8 -0,481 8.58 
Slll,t 88,0 -II. 131 8.87 KlIDt 87.11 -ii 128 6.51 
SCI1 (17.7 -0,581 8.28 Tdl.t S8.1 -0.11511 (l. 311 
KdN't 88,0 -0,693 11.21 JERt 89,0 -0.508 11.43 

* Time; lh02™52.7", 
t Siiiiimis for which 2/;/ > 0,484, us obtained from Table 1. 

the National Ocean Survey (NOS ) and the Bulletin of the International Seismological 
Centre (ISC). The former gives nib = •V,l, bused on the data of 13 stations, The lall er 
gives mi, = 3.8, bused mi the data of .'17 stations. Neither publication gives a value of 
the standard deviation, but nil of the data necessary to calculate ii arc provided. 
I'or the ISC magnitude, we obtain ;i standard deviation of 0.71 and, for the NOS, D 
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valiifitldjN. 'I'lic lullf-, li(H\i'\. i, i- iiii^lfMilinii, I IMIlM« il \\;i> llic pmetk I the \< 'S 
ii> ilinp nil ulalkiw 'vliii>i' n,. \;iliii' düiiTi'd li\ inuiv ilt.'in 0,7 irniii the HVeniffe im.. 
!i the« 'In,i ;iii' inn ii'jccicd, then M» I!' >iMiiiiiiN uiih nn nvenge mi af '>.'>. the 
»l;ili(l::ril  ilr\ialinli   llirh  hcccinii's 0.71. 

I'hifillv, the niciliiMldlimy developed in ihi-- jMper wm« amilii'il in the rftort periud /' 
:iiii|iliiiiiic>, a> reported in the fMMin ol the IS('. Twelve of the ■'>7 -laiicui- Jot which 
amplitude data were given for Ihi» earthquake are found in the list of Ktatbtm «iili 
-'.i// > o.li'l In Table I. UHiiig the amplitudes of thene MtatioiiH, and taking aceounl of 
the rcninnnl correction factor, tve obtain mi, ■ .').(i ± 0.i)7. 

On I lie btMiHof all ilicsi'ciiniparisiiiis, and i if si in iia nines for the other i*ix carl I KM lakes 

IMtll. B 
S(\l\Mln   nl    M\,;MIM'|    |1\I\   lull   IMIIIU^I  \Kh > STI niKH 

Lon« Period mt, VHIMM Shorl Period mi, Value« 

Corrected for fiu.il mechanistn Karthnuflke ReKion 
Vn orrected 

tor focal 
nu-, hanism 

MIS 11 

Yeienl method   "Exacl method" 

IVIP 8, IM Ui |i I 
04l,03m53.7*J Vleutlatu 

S3 IN, I78.7E 

\,iv   33, 1088 OrmitJ I 
30-30-88,0 VloutiMna 
81,3N, 170.8W 

,.2» ± 0.33 «.mi  1   0,31 8,00   I   0.31 6,0 8,8 fl 
in • 30J (n - 38) In - 30) I« - 13)       (<i - 37) I'M, 

ii .'I   i  n J'.i        ii.o:i  i  il.-.M        li.m   i  il.in 6.1 8.0 
ii, = Uli i« - 17, (n = Ilii       i    i» = 12) '    (II = IS) 

July 20, 1088 OniU|,i 3a 
OS ill 21.'J Ueutiati« (n = 82) 
"ill ON, 171  1\\ 

ii. II :t 0.31 8.21   I- 0.31 ii 33   I- 0.30 8.3 8.3 8J 

(n - 62) in - 821 (ii-l7)      (n •  13)        'l'\s 

Peli. n. 1088 Omup 3a 
ill in 33.2 Al laiia 

63 3N, 181 OW 

March 30, 1088 Grtmii 3t; 
IIJ •.'7 07.2 Mi'illialis 
.ill UN. 177 UK 

Oct. I, 1068 Oroiip 3li 
08-82-04,4 Vleutiana 
50 IN, 178,2E 

\IIU  3, I0B3 Hr  1 

I.IIS ± (I. Ill 
(II = 30) 

8.78 ± II. Mi 6.78 ± II. Hi   I        ii. 
(n - Ulli in = Dili tn = 

.20 ± 0.32        7. Ill  i II. is        7. in  i  II m     none 

(II - 37) HI = 211 in = 37) KIVBII 

8 60   i   0.22 8.36   t 0.18 8.34 j- 0.14 8.3 
i« - 18) i« - mi, (ii-48)       ]    II, = 28) 

8.60  i  0.28 8.88 ± II.'Jl 8.03 ± II.HI n. 
in .'I 30 
7 6N, 38 sU 

mi,I \tlnMtic in = HI i (n - 16) in - 31) in = 8) 

6.8 8j n,' 
12)        (PAW) 

il'ASi 

ii'. 

(PAS 

investigated, we conclude thai the standard deviations of mj, obtained from long-period 
P-wave amplitudes are smaller than those from shorl period amplitudes, and that the 
method of correcting Cor local mechanism described in this paper yields essentially the 
same magnitude and standard deviation as the more exact method based on equation 
(2). Table 9 summarizes (he results for all seven earthquakes, 

I)IS(TSSIO\ AMI CONCLUSIONS 

Our procedure for correcting body-wave magnitudes for the effect of local mechanism 
requires only a few simple steps, uliicli are summarized here. I'irsi, determine uncor- 
rected im. values ai all stations for which .1 f data are available in the distance range of 
I'.V to 100°. Second, usinu; a fable of '2zy factors prepared for the hypocentral region, 
determine if the earthquake's radiation pattern corresponds |(l that of the dominanl 

tH 



Iv.M 111 I.I.KIIN   OK   IHK   M:iMlUI.O(ll( Al,   WOCICTI   »IK   AMKIillA 

IUCMI iiurliiniiMiH.iilic tetftm (S,\ •(!, KimUnierand Nuiili, l!»7l I. TWrd, after verify- 
ing that th« nwohanfaiin of the earthquake ooiTMiMnd« i" thedonünant one,oonAilt the 
cihlc of -'.n faoton to nebct the irtatbtw wiih •J.r// > 0.434, Find the average <>r the 
m,. viilui's of these stations only. Finally, mid the regional oorreotlon factor, /•', i«' ill«' 
average of the» m values. Tlii* will n'V(' 'I"' magnitude of the earthquake, corrected 
for the focal mechaniatn. 

This procedure in principle can be applied to either shorl - or long-period body-wave 
data, We prefer n» use the ftrsl half-cycle of the long-period /' wave for magnitude cal- 
eulations because i( is less influenced by crustal strueture at the station iliun ilie short- 
period wave. However, for small magnitude earthquakes, there is m» choice, because 
the /'-wave motion is too little to be seen on conveniional long-period seismograms. Al 
first glance, it might seem that the practice of iisiiif!; the maximum amplitude ill the 
first three cycles of the short-period /' motion will eliminate the need for a i'ocal- 
mechanism correct ion, that is, that only the amplitude of the first motion depends upon 
the radiation at the source. However, .larosch (1968) used such short-period /'-am- 
plitude data to calculate the focal-mechanism parameters, which, as he showed, agreed 
well with those obtained independently by Stander, who used long-period data. There- 
fore, it follows that the maximum amplitude in the first three cycles of the short- 
period P motion depends upon the focal-mechanism parameters in essentially the same 
way as the amplitude of the first motion. 

A philosophical questton can be raised concef-uig the desirability of correcting the 
magnitude for the focal mechanism. It mighl be argued that the magnitude of an 
earthquake should indicate the amplitude of the motion as recorded at the existing 
seismograph stations, corresponding to a narrow bundle of rays leaving the liypocenter, 
rather than the average over the surface of the focal sphere of the amplitude of all of 
the rays leaving the focus. The answer to the question will depend upon the use which 
one wishes to make of the magnitude values, if one is concerned with an estimate of 
the seismic energy, then the focal mechanism correction is appropriate. The correction 
also is necessary if one wishes to set upan.t/v - ///(.discriminant between earthquakes 
and explosions which is as free as possible of regional effects, 

In order to apply the present method to earthquakes in geographic regions other 
than those discussed in this paper, it is necessary to prepare tables of '2x11 for each 
such region. To cover all of the seismic regions in the world will require a major effort, 
because a knowledge of the dominant local mechanism is required for each such region. 
However, the work can be lightened somewhat, because, rather than attempt to do 
focal mechanism solutions for all such regions, one can predict a dominant mechanism 
for a given region on the basis of plate tectonics and, llien, use the amplitude data of 
individual earthquakes to ensure that the assumed nieeluiiism is consistent with the. 
observed amplitudes. The methods developed in ll i> paper t.-r/'-wave magnitudes also 
can be applied to the correction of S-wave magnitudi-idi iheelTect of focal mechanism. 
We have calculated correction factors, analogous to I he '.'.ny factor of P waves, for .S7/ 
waves for the various subgroups of the Aleutian Islands, Kamchatka, and the mid- 
Atlantic Ocean. However, we have not yet tested the method with actual .S'// data 
because of the rather considerable effort required to obtain such data and because 
.S-wave magnitudes are seldom reported or used in seismicity studies. 

Al'l'KNDIX 

The factors X and ,//, which appear in equation (2), are related to the focal-mecha- 
nism parameters and the geographical coordinates of the hypocenter and seismograph 
station by the following equations (Slander, 1982), 

1 
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.1-  =  O«! + $4 +  1,Z 

a = «„.r + ff„,7 + 7»^ 

.P = cos (£ sin / 

// = sin 0 sin / 

I  =  CMS / 

mil 

a, = cos .IZr ens PLx 

jS, = sin .1^ cos PL« 

7.r = sin I'L, 

«„ = cos .1Z,, cos /'/>„ 

ft, = sin AZ„ cos Pij 

7,, ■ sin /'/.„. 

In liit- equations above, <t> is the azimuth of the ray path al the epicenter toward the 
station, i is the angle of incidence of the my al the hypocenter, AX, and AZy arc the 
azimuths of the force axes of the double-couple system and /'/.. and /'/,„ arc the angles 
of plunge of the force axes. 
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