Scismicity of Matsushiro micro carthquake swarm (*)
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SuMMary, — Thuring the peak swarm activity at 3Matsnshire, miero-
carthquakes were recorded at Suzalka and Matsushire on FM magnetie dala
recorder.  The data sa obtained were ntilized to study ihe variations of b
in Gutenberg-Richter's frequeney-magnitude relationship given by log N
A-b M, where M s the magnitude and ¥ s ths number ol carthqualkes.
[t was Touml thal the value of & in Matsushiro swarnt is more or less eonstant
in short inlervals ol time but changes significantly for two ditferent periods of
observations of Bnzaka. The value of # from the observalions al Matsushive
has also heen found to he rather small as compared to that at Suaaka.

Rrassunro., — Dnrante Pintenso periodo di attivitd mierosismica av-
venuto a Matsushiro, le microscosse furono registrate g Snuzaka o Matsushiroe
con nn registratore a nastro magnetico FM. T dati cosl oltsnuti fureno wnti-
lizzali per studiare lo varinzioni di & dalla Lermoula di Gutenberg- Richiter
che lega la [reqnenza alla magnitndo

log ¥ = A —bM
dove W & la magnitudo ed ¥ & il numers dei terremoti presi in esame.

Dille vsservaziond fatte o Matsushire & stato trovato che il valore di &
per brevi intervalli i tempo & pilt o meno costante, mentre yarta gsensibil-
mente a Buzaka gnande =i congiderano due diversi periodi sismici, Dal eon-
fronte delle osservazioni =1 @ polule constatare che 1l valors di b relativa
a Matsushive ¢ alguanto pitt piecole di gquelio caleolato per Suazaka.

1. — INTRODUCTION.

Seismicity of Matsushire ewrthquake swarm haz been the subjeet
of intevest for the last few years. Some seismologists namely Suyehiro,
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et al (1) studied tho seismicity of the region for felt earthquakes or
parthquakes of rather large magnitude. In a series of papers, Hamada
and TTagiwara (?) reported debailed results of the micro and wltra micro-
eartliquakes in the area of Matsushiro using high sensitivity tripartite
ohservations recorded on magnetic data recorder. They fonnd that
the value of b in Gutenberg-Richter’s relationship (3) did not change
significantly with respect to different intervals of time. Iurther, the
valne of b during the abnormally high activity was similar to that
for normsal seismic setivity., They also found that the Ishimoto-Tida's
coefficient m (¢} examined with respest to nltra micro-earthqnakes
showed larger value before two climaxes of seismmie activity at the
beginning of April and the end of August and the smaller value
appeared just after the elimaxes.

The party for seismographic observation and seismological see-
tion {¢*} obtained the value of m for every 10 days and the values of
b for each month since March 1966. The value of m at sach station
of observation showed a similar hehavionr.

The object of the present paper is to study the seismicity in par-
ficular the variations of & in Gutenberg-Richter’s relationship (3} within
shorter interval of time than studied hitherto with reference to the
micro-earthqnakes recorded at Snzaka and Matsushiro and compare
the results with those of other investigators.
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Fig. 1 — Block diagram for micre-earthguake observations.
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Table I — Buzaral (1963)

Period of Observation

Monitor Number of
Ne From To Earthgqnakes
|
1 Dwee, 20, 144]10m Dee. 20, 16b35m 12
2 14 /2 23 25 15
3 Dec. 21, 08 0% | Dee. 21, 12 42 [ 31
4 I8 42 20 44 2
5 23 45 Des, 22, 00 48 | G
4] Dee, 22, 00 51 1 44 1]
7 0l 4i 08 156 a5
8 08 17 12 31 34
] 14 10 16 55 33
L0 17 37 : 18 51 )
Ll | 18 51 20 23 [
12 20 38 | Dyec. 23, (M 27 37
13 Dee. 23, 00 30 07 00 41
14 0 00 | 11 53 21
L3 12 32 18 00 52
Li 18 (5 : Dec. 24, 00 440 33
L7 Dee. 24, 00 41 00 58 3
i8 0L 10 ! 07 30 40
19 08 QU H 14 33 37
20 14 34 21 16 52
21 a1 17 | Dee. 25, 00 06 18
22 Dee. 25, 00 14 7 30 41
23 08 34 | i3 05 26
24 13 13 L1612 17
25 16 17 | 19 47 3z
26 19 458 | M 55 61
25 Doe. 26, 00 56 [Dec. 26, 07 30 &5
Suzaka TI {1066)
a0 Jan. 13, (lh]12m Jan. 13,  08b{((m G2
al i0 23 12 23 14
52 12 25 ! 15 59 15
a3 16 015 i 17 10 8
54 17 15 21 36 | Go)
HH 21 B8 Jan. 14, 00 10 i o6
Al Jan. 14, 00 11 06 45 67
57 10 05 12 14 ‘ 7
58 12 15 18 52 159
59 19 39 21 50 ‘ =1
G3{) 21 &l 23 35 a3

Matsushiro (1966}

1 May 21, Q00W"10m May 21, (4hd4m ’ &10
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2. — INNTRUMENTATION AND COLLECTION OTF J)ATA.

The experimental arrangement for the observation of micro-earth-
quakes is given in ¥ig. 1. The output signals from three moving coil
transducers of 1 see frae period with & == 0.65 were recorded by FM
magnetie tape recorder after amplification.

The sensitivity of the transducer is 3.5 Volt/kine. The response
of tle daty of M wag {lat [rom D¢ to 250 eps with a sharp cut off.
The gain of the amplifier was variable depending upon the ground
noige. The tapes were reprodneed by pen galvanometers of natural
frequency 30 eps with a paper speed of 30 mm/sec.

The perioid of observation and the number of miero-earthqualkes
recorded at Snzaka and dMatsushire are given in Table I.

During the period of observation af Matsushire approximately 2
earthquakes were recorded per minule.

3. — CATLQULATION 0F MAGNITUDES OF MICRO-IBARTIHQUARKES,

The caleulation of magnitude of micro-earthgualies is based on the
consideration of attenuation of seismic waves with the epicentral
distance.

Muramatu et zl (8), derived the following equation for calenlating
the magnitude from the observations of miero-earthquakes in the
vicinity of Gifu prefecture,

M = 1.25 log A, (kine) -|- 2.6 log ¢ (km) 4 1.0 [1]

where d, is the velocity amplitude and r is the hypoecentral distance.
Recently Terashima (7) derived the following equation [or the culeul-
ation of magnitudes of micro-carthquakes,

M = log Aux) 4+ 1.51log Tt 4 2.30 . 2]

We have used equation [2] in the present study for tle ealculation
of magnitudes of miero-carthquakes.

Substituting the instrumental congtants and the hypocentral
distances in equation [2] we gel:

M = — 044 4 logd For Suzaka monitoring recorder
sensitivity, 20mmmY olt [5]
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M = —0384 + logAd For Suzaka monitoring recorder
gensitivity, S50mm/m Volt [4]
M = — 319 | log4 For Matsushiro monitoring recorder
sensitivity, 2mmm Volt [3]

where A is the double amplitude as measnred on the seismograms,
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Fig. 2 — Micro-earthquakes recorded at Suzaka on Jan. 14, 1966,

L %o
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Fig. 3 — Micro-carthquakes recorded at Matsushiro on May 21, 1966,

All the earthquakes of trace amplitude greater than 1 mm recorded
on seismograms were utilized for ealculating the magnitudes of micro-
ecarthquakes. The earthquakes of magnitude larger than that cor-
responding to the trace amplitude of 56 mm had to be omitted as
the defllections were too large to be within the recording paper.

The duration of P and § interval at Snzaka was approximately
2 seconds. I and & phases were not quite clear at Matsushiro due
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fo the location of the seismometers in the epicentral region. Typical
micro-earthquakes recorded at Suzaka and Matsushiro are shown in
Fignres 2 and 3 respectively.

4. — RESULTS AND} DISCUSSION.

It iz well known that the number ¥ of earthqnakes during an
arbitrary interval of time in a given seismic region is relaied to ma-
gnitude M by

log N = A"—bM . [6]

Many investigators use this equation in the form,
log N = A" + b(8— M) . [7]

In the above equations the constants 4’, A" and b are coefficients
which are determined from the data by the least sqnare method and
the variances are also given.

The values of A’ or A" vary with the duration of fime of the data,
geographical loeation and choice of AM. The value of 5 is relatively
uniform. However, considerable difference of opinion exists regarding
the variations of & with the foeal deptly, geograplical location, foreshock
and aftersliock sequences, eartlhiquake swarms and voleanic earthguales.

The value of b increases as the degree of heterogencity increases
and as tlhie degree of symmetry of the applied stress decreases. A
decrease of & with depth has been found by several seismologists.

It has been found (&:?) that the valucs of b are larger for aftershocks
than for foreshocks. The constants b, and b. of the fore- and affer-
shoek sequences of the same main shock are connected by the relation(®?)

by — (0.11 4 0.13) + (0.65 £ 0.11) bs . [8]

Mogi (10) showed experimentally that when foreshocks and aftershocks

occur in the same volume the value b is smaller for foreshocks than

for aftershocks because the main shock canses new craeks and thus

the number of irregular points inereases. The value b for earthqualke

swarmns is larger than for aftershocks or normal seismic activity.
Ishimoto and Tida {*) proposed a formmla

N(A)dA = kA-mdd [9]
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where X is the number of earthquakes and 4 is the maximum trace
awplitude. The coefficients L and wm are determined by the least
square method. Tor ., it is sufficient to consider tlie maximum frace
amplitude of an arbitrary chosen standard seismograph. Corrcetions
for distance must be made from the point of observation to the opi-
central area.

30 |
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Tig. 4 — log N vorsus A for difierent intervals of fime recorded at Suzaka (1985),
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Sineo M ~ log A for epicentral distance equal Lo 100 km and
dd4 = AdIM i gan be shown that the constants  and » in ihe formn-
lag [6] and [9] are related by

b =m—1, [10]

The logarithim of the cumulative frequeney funetion ¥N(M) and
the magnitude of micro-eartliquake recorded at Suzaka during the
peried 20th 1o 26th Desember 1963 is shown in the Fig. 4. The
plots nurked with leiters 4, B, €, B, E and F indicate difterent in-
tervals of time. It may be seen that all the six carves are approxim-
ately parallel with each other implying that b values remaing constant
in short interval of (hime.  The frequeney magnitude relationship for
these curves is expressed by

{4) log N = 2.66 — 1.06 M
(" log N = 2.46 — 1056 W
(€) log N = .23 — 1.09 3
(" log N = 1.9 — 1.06 M [171]
(E) log N = 1.69 - 1.00 M
(F log N = 1.40 — 0.96 ¥ .

IPig. (8} gives the magnitude-frequency relation for another period
of observation 1. e. 13th to L4th May 1966 al Suzakn.  Although the
value of & is slightly different from the previcus set ol observations
(Fig. 4}, the valne of b is almost siationary dwring different intervals
of time. The relations belween log & versus MW oare given as follows:

(4) log N = 2.20 — 1.10 ¥
(B} log N = 2.18 — 1.20 ¥
() log ¥ = 2.02 — 1.19 M
(D) log ¥ = 1.80 — 1.18 M [12]
() log N = 1.57 — 1.16 M
(F) log N = 1.39 — 1.13 M .

In this case we had to exclwde the magnitude smaller than — 0.5
beeause dwing this period fhe sensitivity of the data recorder was
changed with the resalt that the earthguakes of smaller magnitudes
conld not be roeorded thronghout the period of observation. This is
the reason why the curves do not it the dala for 1he magnifndes lower
than — 0.5.

The plid of log ¥ versus M at Matsnshire is given in Fig. 6,
The value of & remains stationary during different intervals of lime
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for this period of observation although ihe value of b is smaller than
that at Suzaka. The least squares Gt between log N and M for dif-
ferent. time intervals (Fig. 6) is given below:

(4) log N = — 0.10 — 0.84 ¥

(B) log N = — 0.16 — 0.83 M

(0) log N = — 0.44 - 0.86 I

(D) log ¥ = — 0.57 — 0.92 M [13]
(%) loc N = — 0.88 - 0.97 M

) log N = — 1.27 — 0.86 M

(@) lor N — — 1.38 — 0.86 AT .

In Table IT the cumulative frequency of earthqualkes for all eases is
wivell.

Table 1l — COMULATIVE FREQUEXCY OF RARTIIQUAKES

From Suzaka 1 l T'rom Suzaka 11 T'rom Matsushiro
P Mag, . Mag, Cumn. Magr. Cum.
M freq. M freq. M freq,
-0.4 K40 — 0.8 G110 — 3.2 510
— 0.3 742 — 0.7 578 — 3.1 467
— 0.2 619 — .0 545 — 3.0 4306
— 0.1 555 — 0.5 522 — 2.0 309
0.0 158 — .4 173 — 2.8 206
0.1 3540 — 0.3 377 - 2.7 237
0.2 297 — 4.2 320 — 2.4 186
0.3 235 — 0.1 201 — 2 147
0.4 176 ' 0.0 204 —2d 128
.5 136 i 158 — 2.3 114
.6 108 0.2 130 — 2.2 87
0.7 83 0.3 a8 — 2.1 73
(0.8 T 0.4 69 — 2.0 63
0.9 53 0.5 45 — 1.9 al
1.0 406 0.6 35 — 1.8 43
1.1 32 0.7 206 — 1.7 34
1.2 19 0.8 15 — 1.6 24
1.3 5 0.4 7 — 1.5 10

| 1.0 2 — 1.4 2

1.1 1
[
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From the above results it may be seen thaf, the value of b is
stationary in short interval of time in earthquwke swarms. This
regult iz similar to that obtained for aftershoelk sequences (M), How-
gver, in these carthgnake swarms, the value of b changes significantly
in different months or different perioil of observation (2).

Tahle 11T — VaLve or b

b 5 fo|'v.-n,tli'-e.|'t-'.lulw‘k.s, ‘H}\'}l'l'lll, AT
normal seismieity
0.85 1.8 MalsusLire swarm Haumada & Hagiwara
19613, P't. 1
1.8 - 2.3 »
Feb, Lo Mar.
L4 = 1.0 » Hamada & Hariwara
Apr. o Ju. 1966, Pt. 2
[B. - 254 IHHamada & Ilagiwara
Jul. to Ang, 106G, Pt 3
G051 .40 | e 2.1 1ill » Party for Seisnographie
Fel, 1966 Ohservation (1967)
1.1 o (1967)
.35 [oreshocks’ Matsnshiro .:'-in_\,’v.hir'n. et oal. {(1964)
(.56 aftershoclks
(.55-0.05 [oreshoeks™ Chilean Buyehiro {1966)
1134004 aftersliocks carthyy.
.6 to 1.3 Lirge carthy.in different) Gutenberg & Richter
SCISIIG regions {1954)
consiant ordinary carllujuakes  Buzuki (1959)
and aftershock activity

In Tahle ITT, the values of b and m obfained by different in-
vestigators are given for Matsushiro region. Tt may be seen that the
value of b compares woll with the earlier workers.

Suyehiro (1) noticed a substantial difference between the fores-
hoeks and aftershocks in the & valne which was found to be 0.35
for the foreshoeks and 0.76 for the aftershocks of @ snwll perceptible
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carthquake in the Matsushiro region. Compared with them the value
of b is larger as is expected for the earthquake swarns anid also sug-
gested Dy the experiments of Mogi (12}

It however, the value of & for Matsushiro region during the swarm
iy compared with that of general seismicity over different places in
the world (13), it is rather diffienlt to conchule that the value is highest
during the swarm. One of the possible reasons for this discrepancy
is attributed fo the different graphical and mathematieal methods ased
for deternmining b values, hesides the nse of different magnitude seales.

5., — CoNCLITS10N.

The above study Dhrings to light the interesting conelusion that
in sarthqualke swarm the value of b remains stationaiy in a short time
interval although it may chunge over dilferent period of observations.
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