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Do P- and S-Wave Corner Frequencies'Measure Different Source Parameters?
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There isra'systematic differeﬁce;in theimagnitude dependence.of P- and
SH-wave corner frequencies (Bakun-et al.{ 1976) that can be explained using
siﬁple dislocation mcdeis if the usual a;Sumption of similarity (see Aki,
1967) is.relaxed;detgﬁt,if:rupture-procagaticn velocity increases with source
size froma0.68 for M =.2to 0.96. forqur-R..cRelaXatibniof similarit& has -
profound implications;fcr'the-interpretation“ofxbody;wateddata»in terms of'
earthquake-source parameteré. In relating their scaiingumcdel for 1965‘Rat‘
Island earthquakes to shocks on the San Andreas fault in central Callfornla,
Fra51er and North (1978) ascrlbed systematlc dlfferences in the magnltude
dependence of the corner frequencles they 1nferred from the data of O'Ne111

and Healy (1973) and ‘the corner frequencles of Johnson and McEvilly (1974) to

- the fact that O'Nelll and Healy S were measured in the time domain -and’

. Johnson -and McEvilly's in the frequency domain., A llkeller‘explanatlon is

that the differehce'is anfunction of P-wave'relativetto Love-wave
measurements, SincefO'Neill and Healy's P-wave data are.cohsiStent with the

P-wave corner frequencles of Bakun et al. (1976)



“We here con51der ‘the source—paradeter data of O'Ne111 aad Healy (1973)
'Johnson and McEv1lly (197&), and Bakun et al. (1976) for. earthquakes located
near the San Andreas fault zone in central Callfornla (see Figure 1) All of
‘the ehocks studied by 0'Neill and Healyrand by Bakun et al. and four of the |
thirteen evente,studied'by-Johneon and McEvilly are located within a 10-km-
long'segment'of,the“fault 2one; The.relation of corner frequency and magnitude
- is shown in Figure_z;‘ Solid'circles~are the_corner fredueneies calculated
_from'O'Neilleand.Healy}sveource dimensioaa'by Frasier and ﬁofth-(1978). Open -
circiee fepresent Johnson and McEvilly'a_data.l The,?; aad S-wavevcorner
_frequeacieS‘of.Bakuh et al. lare shownAae solid and-bpenddiamonds respectively;‘
For our data we" have dlsregarded uncertaln corner frequen01es (marked by an
asterlsk in Table 2 of Bakun et al. ) | |

0\Neill and Healy'sA(1973):measurements were for P waves in the time
domain. Johnson and McEv1lly utlllzed a M1-second time w1ndow to obtaln source
'Spectra from horlzontal-component selsmograms, thelr corner frequencies prob-
d'ably are prlmarlly a ‘measure of ‘the Love wave (see Flgure U of their paper)

- The P- and" SH-acornerjfrequencles of Bakun et:-al. were measured in the
frequency dOmain..dNoteithatTthe P-wave cerner freqdeneies infeared by Ffasieh'
- and North (1978)vfnom O'Neillwand.Healy's meaaufemehts'of £he duratioa of the
first haif-eycle of,metion"are-ia excellent'agreanent with the f-wave corner
fredaehcies:ofiBakﬁdtet als.. 'P;ane'corherafrequenciesfdecrease monotonically
with magnitude from 20 Hz for M 1.0 to 2 Hz for M_ 4.0, while the

Love—wave eoﬁnek’freqﬁenciee'df Johnson and,McEvil;y and.the[SH-wave corner
"freduencieejdf~Bakun et.al. ehow‘only a weak'depehdence of.cefaer'fbequency‘

':on'magnitude. Theﬁdeeade»difference»betweenithe'wholeQreeerd Love-wave corner



freqUencies (= 1 to 2 Hz) of Johnson and McEvilly and-the SH-wave corner

frequencies (= 10 to 20 Hz) of Bakun et al. must be bound up in the details .
of the generation- and propagation of the shear.phases~cbnstituting_the Love

- wave. It is well kriown ‘that whole-record Love-wave spectra depend. on both

structure and foeal depth as shown,_for example,'in~the work of Tsai and Aki

(1970) and Heaton and. Helmberger (1977) _ Since focal depths of shocks

' eon51dered by Johnson and McEv1lly (197M) range from 3 to 12 km, their 1 to 2

Hz whole—record Love-wave corner frequenc1es probably are a measure of

structure 1n_the upper crust. Bakun et al. . (1978) have'shown that whereas

~ body-wave spectra of microearthqnakeston_this section of the fauit'reflect

source parameters;ethejcharacterApf the seismic coda is controlled by local

cruStal"structure."
:Even for simple.dislocation'models,_predicted corner frequencies can be
affected by a number of source-model paramete"s--velocltles and directions of

rupture propagatlon, the P-wave and S-wave velocltles the orientation, 51ze,'

‘and shape of the sllpped surface ‘and the locatlon of the hypocenter within

that surface, the rise time and orlentatlon of the Sllp vector and the

azimuth and takeoff<angle;to the‘reeording site.. Givenfthe'lack of

constraints, a wide range of corner-frequency relationsis possible. To reduce

the number of independent source parameters Aki‘(1967) introduced the concept
of 51m11ar1ty, i, €y large and small earthquakes are 31m11ar phenomena
'If earthquakes are- geometrlcally and phy51cally 51m11ar, then rupture veloclty

‘1s constant and all source parameters hav1ng dlmen51ons of tlme or distance .

are proportlonal to source 1ength L (Akl, 1967)



Yy
. Cornen frequencies expected-at etation»BIC forethree of.the'shocks-studied‘
,<bv Bakuniet al. (1976) have been calculated u51ng Savage 8 (1972) Haskell fault
model (see Table 1), which assumes 51multaneous Sllp across the fault width
and bilateral.rupture?along the_fauitllength L at constant3rupture velccity.
. V. Siip'at every'pcint on the fault is assumed tc‘be_the same, 'We_conside;
.- rupture-propagation velocity equal to Bl ,.O;9é.‘; 0;88} ,-and 0.6 & and two
azimuths correéponding»to an homogenecus.crust'(o =-12.50'for a gneat
cirele path)'and tcuvelocity-increasing witn distance'frcm the fault zone -
(o = 339); Wheneas'there is strong evidence for lateral refraction of‘f'
waves (see Bakun et al., 1976) S waves are~apparently not'so‘severely-
.refracted (W..'H. Bakun, C G. Bufe, and R. M. Stewart unpubllshed data, A,
’Levander,Aunpuclished data); For fixed geomeétry and,constant rupturen
-propagation velocity v,'the ratio of the S;'to P-wave corner frequencies;
fSpr 1s 1ndependent of -source length (Table 1, contrary to the ev1dence of
the data in ‘Figure 2t5 For each of" the three events in Table 1, certain
‘source lengths;:shcwn.;tallc;zed, have;fb /fb?u comparable to that predlcted
v bv the‘ﬁodei. V'incneasing-frcm Z.t kn/sec (0.6 ). for M= 1 8 to .3. 1 km/sec |
(O 98 ) Raylelgh veloclty for M = 4.1 satlsfles the observed dependence of
f 'S /f P on magnitude. Note that the P-wave data of Flgure 2 obtalned for
several source-to—receiver a21muths (statlons BIC CNR, SJG and JHC in Flgure
1) show llttle scatter, con51stent w1th llmlted a21muthal varlatlon in corner
frequency for subsonlc rupture propagatlon velocltles (see Flgure 1 of Savage,
"'1972) Computed source lengths range from 70 m.for M 1,8_to 0.52 km for

M= 4;1. Correspondlng rupture propagatlon tlmes, 1.e., L/v, are 0.033 and

0.17 sec. These data auggest-that if big Shocks‘grow from small ones, then v

~ increases as the source grows. Specifically, the average rupture-propagation




'Vve1001ty for the 1n1t1al 1/30 sec (70 m of source length) is 0 63 .and
approaches the Raylelgh ve1001ty after 0 2. sec when source length equals 172
km. Analy51s of the growth of fracture suggests that v should 1ncrease falrly,‘i

'rapldly to a crltlcal value lylng between the Raylelgh (0. 90) and shear
velocity 8 (Kostrov, 1970) It should be noted that an 1ncrease in- rupture- ‘
propagatlon ve1001ty with- source 51ze is only one’ of several relaxatlons of

"the 51mllar1ty assumptlon that w1ll satlsfy these corner-frequency data..'For'
Aexample ‘a spe01flc systematlc varlatlon in the elllptlclty of the source
reglon w1th magnltude could also result 1n the systematlc dlfference in the f -

magnltude dependence of P- and S—wave corner frequenc1es shown 1n Flgure 2

source dlmen51on of the earthquake (see - T Brune, 1970' Hanks and Wyss,
;1972, Savage, 1972) If 51m11ar1ty cannot be assumed then 1t 1s not clear ,?Q-‘
c whlch and how many, of the several source paramenters scale wlth source
.'length;a That 1s, corner frequenc1es 1n general are related through a
nonlinear functlon to several model parameters, and- rellable 1nference of
‘ h',earthquake parameters from selsmlc data requlres detalled knowledge of that
.vfunctlon Speclflcally, corner frequencles may not be 51mp1y related to ‘_ji
source dlmens1on if they are not, stress drop cannot be ea51ly 1nferred from
" corner frequency observatlons. 'It should-be empha51zed'that‘fallure‘of the .
d;31m11ar1ty assumptlon has been demonstrated only for shocks located ‘on .a
7;10-km long sectlon of the San Andreas fault 1n central Callfornla. The only <o
f?other data set recorded w1th suff1c1ent dynamlc range to detect a systematlc
n dependence of f /f P w1th magn1tude are the aftershocks of the 1971 San |

“_Fernando Callfornla, earthquake (Tuoker and Brune 1973)

Pa and S-wave corner frequen01es are generally 1nterpreted in- terms of . the .
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~Figure 1.

;Figure Céptions

Location of seismograph stations ‘and epicenters with respeet to the

‘ tracebof the San Andreas faultuzbne in central Californié.

' ~Stations used by Johnson and McEvilly: San Andreas Geophysical

- Observatory East_and Central (SAGO E and SAGO C); by O?Néiilrand

Healy: CienegéARoad (CNR), San Juan Grade (SJG), and Johnson Canyon

(JHC); and by Bakun et al.: Bickmore Céﬁyoh'(BIC) are shown as

triangles. Hatching represents the 10-km-long Segment of the fault

. that encompasées shocks for whiceh data:ékevshown in Figure 2.

Figure 2.

The_rélation of magnitude.and corner‘frequency‘(adapted_from Figure

' 13 of Frasier and North, 1978).
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TABLE 1. SOURdE P’ARANFTTERS
. _ 4.1t - : M 2.94% , . 1.8+
v 0 ISP'L; ' fbs'L* . s/f P . LAfrom fnt lrL from £ 5 - -+ L from t'P 'L from. f § ' L from :LP L from f 5
: i - o 0 o o o
3.5 kn/eec 330 C1.62 8.30 512 - " 0.65km  0.83 km 0.27 km < 0.59 km 0.14 km  0.59 km
12.5° 0 Lee g 16.5 : 0.76 a0 e - 2 0.16 - 2.22
’ o o " 19.208 _ ' ' ' -
3.1 E L2 27 2.08 s 0.27 e 0.20 © om0
12.5° . 1.48 5.9 st 0.59 : Ia.vm' s e 0.12 0.37
o 3.9 o i
2.8 »° 133 19 146 o3 0.9 o 0.225 014 B 0.1 . 0.14
1252 123 2.8 2.35 0.49 0.9 e os. 0.10 0.21
24 3° 06 Lo . 132 S 0.3 0.10 : . 0.13 Co.on 00638 0.071
12.5°- 0.80 L8 s o2 0z o * 0.086 . ._ 0.067 . 0.0845 .

* Calculated using eqn. 13 of Savage (1972): o = 2uf € - (-25)[(9-)2 + coszelk/((clv) - coszel. wheré c = phage velocity (a or 8), f i)

corner frequency (Mz), L = fault length, v = rupture propJﬁatign velocity, © = angle between seismic- ray leaving the source and-th
rupture propagation direction. R ) . .

) . i : i . . . ) ) 0 .
‘§ 9 -~j2.5°<(or the great circle azimuth and 330 is more appropriate for lateral refra;tion. We prefer 0 = 12.50 for S and O = 33 for P.

¥ Event #1 of Bakun et al. (1976). £ =25 ue, 65 10 mz, ¢ 576 F -
' Bvent #3 of Bakun et al. (1976). e fmome £ 5 rame, v 5 a2y
" Event 18 of Bakun et al. (1976). £ e 12 Wz f S vaw, ¢ Se F a2

L shown in fratics nrevsnﬁrce lengths for which oBserqu énd theoretical foﬂ/f“p are comparable.
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