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Seismological Data of Matsushiro Earthquake Swarm .éeisr{wological
(Report I) entre

Observations by the Network of JMA
during August 1965 to December 1966

Foreword

Beginning from 3 August 1965, swarms of earthquakes occurred in and around
th'e Matsushiro basin, Nagano Prefecture. This Matsushiro earthquake swarm is
still now in action, and according to observational records of the Seismological Ob-
servatory of the Japan Meteorological Agency, which is located at Matsushiro Town,
the total number of earthquakes that have occurred until the end of January 1967 is
631,511, including 59,537 felt earthquakes. As the Matsushiro earthquake swarm
occurred in the neighborhood of the Seismological Observatory fortunately, earth-
quakes of this swarm were always observed since the first occurrence of them.
This earthquake swarm is characterized not only by its very large frequency of
occurrence, but also by the remarkable change in its activity. This is recognized
also in fig. 1 indicating the daily frequency of earthquake (according to the obser-
vations by Seismological Observatory). In fig. 2 there is shown the area where the

epicenters of the earthquakes of Matsushiro earthquake swarm are distributed at
the year-end of 1966,

Corresponding to the change in frequency of earthquakes, the period August
1965 to February 1966 is named the first activity time, the period March 1966 to
July 1966 the second activity time, and the period thereafter the third activity
time. Principal activity of the Matsushiro earthquake swarm is seen in the second
and third activity times, and then in the early period of about one month, respec-
tively, the frequency of earthquakes increases vehemently, reaches a peak, and
tends to decrease gradually.

And in parallel with seismic activity, fluctuations of the amount of hot-spring
water eruption, upheavals of the ground, fissures, fault activity, etc. are often
observed. In the third activity time in particular, these activities of the ground in
company with earthquakes are very conspicuous, and gushes of a large quantity of
water and even landslides occurred in the Matsushiro basin. Thus, the Matsushiro
earthquake swarm is markedly characterized not only by its accompaniments of
various activities with specific characters, but also by the fact that all of its earth-
quakes were perfectly observed by the Seismological Observatory since from its
very beginning, and by another fact that observations of variousitems were carried
out at many places by Japan Meteorological Agency, Earthquake Research Institute,
Kyoto University, Geographical Survey Institute, Geological Survey of Japan,
National Research Center for Disaster Prevention and others. Results of these
observations are being watched with great interest by foreign countries, to say
nothing of our home country, and early publication of the observational data is

strongly demanded.

To meet such demands, observed values of the observational network of Japan
Meteorological Agency in the period from August 1965 to the end of December 1966
are now published as Report I of the Seismological Data of Matsushiro Earthquake

Swarm.

The descriptions in this volume are all pertaining to such earthquakes as are
selected from among the immense number of earthquakes with a select plan that
they were observed at more than several observing points of the network of Japan
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Fig. 2. Matsushiro earthquake swarm region.

Meteorological Agency and their focal positions and so on could be determined;
that is to say, a part of felt earthquakes are here described. The form of repre-
sentation is the same as that used in the Seismological Bulletin of .Japan Meteor-
ological Agency, and the present publication has the character of an appendix to

the bulletin.

In February 1967, answering to the requests from inhabitants of Matsushiro
Town, the Matsushiro Earthquake Center was established in the town for the
purpose of collecting the materials for the research on Matsushiro earthquake
swarm, under the joint auspices of the government offices concerned, The
present publication should be regarded as the first activity of Matsushiro Earth-

quake Center.

It is intended to publish the observational data of Matsushiro earthquake
swarm in the form of series, as soon as they are collected by cooperations of the
government organs and universities concerned, so as to make them serviceable
for the studies on earthquakes home and abroad, and on the prevention of dis-

asters arising from earthquake.

Furthermore, the expenses required for publishing the present data are paid
out of the expense for coordination and acceleration of special studies regarding
Matsushiro earthquake swarm, sponsored by the Science and Technology Agency.

Kazuhiko Terada

Director, National Research Center
for Disaster Prevention
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Introductory note Centre

Phase,

Special symbol A for phases is used as follows:
APP and ASS represent pP and sS respectively,
Others are popular ones.

Nature of the motion.

s

Sudden commencement of a phase.

E: Gradual or indistinct commencement of a phase.

Amplitude.

Maximum amplitude is the apparent maximum double amplitude on the seismo-
gram of VI, W or S seismographs (cf. page 7 and response curves), divided
by 2 and the static magnification.

Initial motion is given by the ground displacement at the commencement of an
earthquake.

Limit of seismometry.

Seismogram reading excluding Matsushiro is limited to earthquakes whose double
trace amplitude is greater than one millimeter on one of VI, W, S, P and VD
seismograms from January 1, 1965 onward.

In counting unfelt earthquakes we took no count of Matsushiro's data.

Period.

g

Period, duration of one complete oscillation,

JMA seismic intensity scales.

The intensity of the shock is estimated according to the scales 0-7 as follows,

O:

No feeling. Shocks too weak to cause human feelings and registered only
by a seismograph, but special symbol (X) is used when shocks are felt by
some neighbours, but not by observer.

Slight, Extremely feeble shocks felt only by persons at rest or by those
who are observant of an earthquake.

Weak. Shocks felt by most persons, slight shaking of doors and Japanese
latticed sliding doors (shoji).

Rather strong. Slight shaking of houses and buildings, rattling of doors
and Japanese latticed sliding doors (shoji), swinging of hanging objects
like electric lamps, and moving of liquids in vessels,

Strong. Strong shaking of houses and buildings, overturning of unstable
objects, and spilling of liquids out of vessels.

Very strong. Cracks in the walls, overturning of gravestones, stone
lanterns, etc., and damage to chimneys and mud-and-plaster warehouses,

Disastrous. Demolition of houses by less than 30% in total number,
landslips, fissures in the ground, etc.

Very disastrous. Demolition of houses by more than 30%, intense land-
slips, large fissures in the ground, and faults,

Rev. Res. Disaster Prevention
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.Tntérnational
7. The felt earthquakes in the list of earthquake origins are classified accdedmological

ing to the distances of the furthest point where the shock is felt, as followef|re
And the unfelt shock is given as (U).

Remarkable earthquake (R): Distance of the furthest point, where shock 1s
felt, is greater than 300 km.

Moderate earthquake (M): The distance is smaller than 300 km, but
greater than 200 km,
FEarthquake of small felt The distance is smaller than 200 km, but
area (S): greater than 100 km.
Local earthquake (L): The distance is smaller than 100 km.,

8. Earthquake origins in the list are the result by use of electronic data pro-
cessing machine. Travel time tables of Wadati et al. are employed as
standard travel times of P and S waves for calculation.

9. Magnitudes (M)are determined for earthquakes whose focal depths are smaller
than 60 km, by using Tsuboi's formula

M= jog (AN=+AEF)%+ 1.73 log4 —0.83,

where 4 : distance (km),

Ay . AE : max. ground amplitudes, N- and E-components (G1a)s
And those ground amplitudes are of seismometers with periods of about five
seconds, and of waves shorter than five seconds., Our magnitudes are the

values averaged over magnitudes for every (AN'+Ag’)’? and given as M and MX,

where M: when four and more stations report maximum ground
amplitudes,

MX: when one to three stations report maximum ground
amplitudes.

10. Time refers to Japanese Standard Time (JST).
(GMT) = (JST) - 9 hours.

No. 1, March, 1967
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JMA stations and their seismographs
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Stati i I SELey :l T i | ff““f :
ation . 1 F- Seismographs Station ! 5 ¢ Seismograph
Abashiri +144°17.0'| +44° ! : o B
Aikawa 138 14.5 +3; 3*11 .g g'gigi gag“nh HORTIOTRAL 39480 liglotl oM
Adlxo 13005 & SKbaue S’VI’DP Nagataurn 138 50.8 34 36,0 | S
Altia 140 06 .1 e S’VIIOP agoya 136 58.1 35 09.9 | S,VI,OP
etz Moot o | S Nara 135 50.0 | 34 41,0 | S,P(H,V)
) Nemuro 145 35.2 43 19.7 | S,V1,VD,OP
Asahikawa 142 22.4 4 £
Ashizuri 133 01.0 33 :gg g.;I,OP Elulbg:;: :g? 40?;1 gz ;;g g.W,P(H,V)
Asosan 131 04.5 2 i : e : ;
it 185 6e 0 35 ;g ’g S’L Obihiro 143 13,3 | 42 55,2 | 8,P(H,V)
Choshi 140 50. € 52 43-5 S'W O!‘unatu 141 43,1 39 03,7 1. 8,V
: ’ Oita 131 37.4 | 33 14.0 | S,W
Fukue 128 50.0 32 42.0 | S,W
Fukui 136 13.6 | 36 03.2 | S.P(H,V) et Wi e 0”0 41 sl
Fukuoka 130 22.8 | 33 34.8 | S, VI, M(H) Qs hakia 140 54.4 | 36 56.7 | s,vI,0OP
Fulushima 140 28.5 | 37 45.4 | S.VI.OP Osska 13532.3 | 3438.9 [s.vI
- L] | |
unatsu 13845.8 | 3529.9 |§,P Oshima 139 22.7 | 3445.7 |S,W
|
Gifu 136 45.9 | 3523.9 | S,W 0
Hachijojima | 13947.3 | 33 06.1 | S.VI Rumol SR Pl O B T
Hachinohe 141 31.5 | 4031.5 | S,VI,OP Sagn 130 18.3 | 33 14.7 S'PEH'V
gakndate 140 45.5 41 48.8 | S,VI1,OP Saigo 133 20:0 ‘ 36 12:3 IS:P '
amada 13204.4 | 3453.6 |S,W Sakata 139 50.2 | 3854.2 | S,P(H,V)
|
Hamamatsu 137 43.4 J4 42.5 | S,VI,OP Sapporo 141 19.9 43 03.5 | S,VI1,OP
Hikone 136 14.8 | 3516.4 | S.W Sendai 140 54.0 | 38 15.6 | S. VI
Himeji 134 42.1 | 3450.2 | S,P(H,V) Shimonoseki | 13056.5 | 33 57.2 | S.P(H,V)
Hiroo 143 19.0 | 42 17.0 | S,P(H,V) Shionomisaki| 135 45.8 | 33 26.9 | s:w '
Hiroshima 132 26.2 | 34 21.8 | S,W Shirakawa 140 13.5 | 37 07.1 | S, P(H, V)
lida 137 50.1 35 30,6 | §,V1,0P Shizuoka 138 24.4 34 58.4 | S,W
Ishinomaki 141 18,2 38 25.5 | S,VI,OP Sumoto 134 54.5 34 20.1 SlVI OP
Isthara 129 17.7 | 34 12.2 | s, P(H, V) Suttsu 140 14.4 | 42 47.4 | S, P(H,V)
Kag?shima 130 33.2 31 34,4 | S,W,I1 Takada 138 15,0 37 06.3 | S:P(H:V)
Kakioka T 440 11,6 36 13.9 q S,W Takamatsu 13403.5 3419.0 | S,W
Kameyama 136 27.9 34 51.4 | S,W Takayama 137:15.3 36 09.1 | S,P(H,V)
Kana_zawa 136 38.9 36 32.8 | S,VI1,OP Tokushima 134 34,6 34 03.9 | S,P(H,V)
Karuizawa 138 33.1 | 36 20.4 | S,P(H,V),l Tokyo 139 45.5 | 3541.1 | 8,J,V1', VD!, I
I{nbe' 135 10.8 34 41.3 | S,P(H,V) Tomisaki 139 49,7 34 55.2 | S,VI,OP
Kochi 133 32.0 | 33 33.0 |S,W Torishima 140 18.3 | 3028.9 | S,VD,I
Kofu 1383345 35 39.9 | S,W Tottori 134 10.7 | 35 30.7 | S,P(H,V)
Kumagaya 139 23.1 | 36 08.8 |S,VI,OP Toyama 137 12.5 | 36 42.4 | S,W
| Kumamoto 130 42.6 32 48.6 | S,W Toyooka 134 49,2 35 32.2 | S,W
Kushiro 144 23.7 | 4258.7 | S, VI Tsu 136 31.1 | 34 42,1 | S,P(H,V)
Kyoto 135 44,1 35 00.7 | S,VI,OP Tsuruga 136 03.9 35 39.0 | 8,P(H,V)
Maebashi 139 03.9 | 36 24.1 |S,W Tsurugisan 13405.8 | 3351.1 |S,P
Maisur 135 23.2 | 35 28.3 | S,P(H,V) Unzendake 130 15.2 | 32 44.1 | S,1
Matsue 133 04.3| 3527.3 |S,P Urakawa 142 46.8 | 42 09.5 | S,VI,OP
Matsumoto 137 58.4 | 36 14.6 | S,P(H,V) Utsunomiya 139 52.3 | 36 32.8 | S,W
Matsushiro 1885125 36 32.3 | S,L,AW,G,B,V,C || Uwajima 132 333D > 5 15 8 G 1 P -
Matsuyama 132 46.8 33 50.% |\S;W Wajima 136 53.9 ¥ - 23:.4 | B;W
MlShimﬂ. 138 55-8 35 06-7 Srw wakﬂ)"ama 135 10-0 34 13-6 Sier
Mito 140 28.3 | 36 22.7 | §,VI,OF Wakkanai 141 40.5 | 45 25.0 | S,VI,OP
Miyako 141 58.1 39 38.7 | S,W Yakushima 130 29.8 30 21.0 1 8. W
Miyazaki 131 25.6 31:55.0 (S, W Yamagata 140 21.0 38 15.2 | S,P(H,V)
Mistusawa 141 08.0 | 39 08.0 | P(H,V) Yokohama 139 39,3 | 3526.2 | S,W
Morioka 141 10.1 | 39 41.8 |S,VI,OP | Yonago 133 20.6 | 35 26.0 | S,P(H,V)
Muroran 140 59.0 | 42 19.0 | S,P(H,V)
Murotomisaki 134 10.7 33 14.9 | S, W Ishigakijima 124 10.0 24 20.0
Nagano 138 11.8 36 39.6 | S,W | Naha 127 41.0 26 14,0

Rev,
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Observations by the Network of JMA during Aug. 1965 to Dec. 14H6

Notations:-
A
? s

W

P -

!
T
S

AW

EM
OP

Vi1

VD

VI, VD 'L

Longitude,

Geographical latitude.

Wiechert's horizontal and vertical seismographs
(masses, H: 200 kg, V: 80 kg).

Portable seismograph (horizontal only).

do (mass, 22.5 kg).

Strong motion seismograph.

Mainka's horizontal seismograph (mass, 450 kg).
Galitzin's seismograph.

1,000 kg long-period seismograph, JMA type.
Ishimoto's seismograph,

Short-period vertical seismograph,
Anderson-Wood's seismograph,

Capacity type seismograph.

Electromagnetic seismograph,

JMA 59-type electromagnetic seismograph with optical
recorder,

JMA 59-type electromagnetic seismograph with visible
recorder,

JMA 61-type electromagnetic seismograph with visible
recorder.

Benioff's seismograph (short and long periods).
Remote recording JMA 63-type seismograph.

Remote recording JMA 63-types of I, VD and VI
respectively.

No. 1, March, 1967

{ International
- Seismological

Centre



1965

1966

(O
——
QO D
= O
ERLNeR
rlmt
; Sn
. ‘.@e » > >
e | N ovroovonur~Cc OHm®moo O OOENM~OVINO LV OM VHO AwWeEwOA~OAS~CWOOAOIMTOOMNLEEONANOHOOHWEOOM
T MesTeTnNnNaasaaid AR B Sal S T T TN IO T TnNnnNnNe v nnnmne g T T Lt A Eh 2l Al B A Sl aRaRal A A S 2 b 2h A A SLAT S A ST B A S B AR ARG
._l.m O DODODDOODODODDO OCO0ODOOODO CO000 0000000 0ODOOOODOOD 0000000000000 00 000000000 00000000000 000000
. w © OO0OO0ODOOCOO0OOO0 O0OO0OOO0OO COO0O00 ONNOOODO OCOONNOD OOCOOOCOONONOCOOODOOOOONOOOOOOOOO0OO0OONOOOOOOD
b e L R G R S RO P P S MW AHHOHOHN HHHH OO B e e s E e R e I I I e e e I = B R e B B A e B A A I I = B A B B B I B B B B I
= W o cocococococCcoOOC OCOOOOO CO00O00 COOOCO0O0C COOCOCCOOD O0OOOCOOO0OO0OOCOO0OCOOCOOO0OCOO0OO0O0O0OO0O0OOOOO0ODOO
o -
' O OrerriWiNNOrHMNeEd OO N COUNNVOON — M-S ONOLMNNON A TN A A V0O NDOONNMNMO-OUNMNETANNNNNNYMN
| HeeOW NN
M m NIRRT MR MMM MEaRMNEMP MMmmmn NNENIINMENNNENMNNNNNMEMM MM ™
@ q| -
== 3 O VVOVVVVVVYVYOVWOYY YOVVWOVYY VOVOYY VYOUUVUOVUWVYY VVVYYOVYY VYOVUUVYVYUVVVVYVYVVVYVVVVYVVVYVVVVYVVVYVVYVVYVWVVOVYVOVDWVWD
AT a1 A AN o B o a B T oV e N N T 2Rl el MMM MMM RN n LA RNl Al a BT a N AN AR AT AT A TN AT B AN AT AT AR AT A a8 AT AT AN AN AN N e RN AN RN Nl ala
m .M.Il '
= ¥ Tl AN A AN A A A Ao R A A Siannalis B S 6 R L B RN 1 B R R Lo fa o aabalaballiBallBabalabals Sadadallabalibalalababafalalli 0 R oo Rl oo Ralalaia ks
w — "M O coOooOOODOOODDDO O elelololole O0000 0O000000O alaleolclel=R= 0O00D00D0D000 00000000000 00000000 0C0O0CD0O0CDODOO0ODDDODODOD
) sl " TN eMOOMNDeOY MM AHO~ NOAYMN NMNOAOMON MubMMibe CMNTNODOVAANDNANLVEFNOVATOVDVOVOODTODNMIE-OOMNM OM®OMSN O
@ m H oEHH A A A A S Ao O s - e Rl IR - Bl TR I K R e b bakio A fa Ralial - DaBalaler - SRaRalalet alhalic o Baliele Rol o Rol ok o R ol Bo R B R Ko R o8
k = .
3 .w ©® DOODOOOTOOD ©MDODDD VODOD DOOCOOD PPVDOOO® VOOV OODDODOODORDODOODODOOXVOMOODDOMTELEEMOME
W o= I L R N o L L T N N L R NANMND. MaRnnNIINn Annanng nnnnanannnnannannnmRnaanaanaaannaamnanmnmmnm
= -m — vivd v v v v v v v4 v v v ovi vt vl v v R v v vt v vt v e R T E™ bR R R o R o R R o R R R R el o R R R R R R e o R R o R R e R R e el sk E R g
=
£ 5 :
S h u. O NeiMeE LN AN NN M NONONMA NN A NNT ol 0T O o NN N NN VMO0 O vt OO v ovd M) owd oo oo OO O v MO0 00 00000
- © OCOOOOOOOOOC OO0OOOOO OC0000 O0O0CO00O0O0 ©C0CO0O0O0ODSO ©O000O0O000000O00000000000O0000O000000OD0DO00O0O0OOD
s 2 ¢| ¥|] o cooococococoocoo ocococooo COO0OC0 ©OOO0OOCOO0 ©COOCOCOOED ©OOO0O0CO0OO0O0O0O0OO0O0O0O0OODO0O0O0O0O0O0OO0OOO0OCOODOOODODOOOODOOOD
- — T
T ﬂ cl Y]l v orANCTOMEEAHO MO Q Y OOHNM FPNVFOWLE® BOFANPrP@©KOo NMEVLNNNFVONHNOODUVTODINDOFDOWNOVYTVUNTOMNMYINMOD YN
7 4] pt = ¥ mnunor~oNmM-ENE~ OO NO NOw-WeTlH HODUONTON~ NNOAOS~D veosTr~OOwTNOYTMNNOMNMOMGEND OO NMNNOAHENDM A~ O NE~D
M B |Ss O oY MHLMMHEHOMN MONMOOO RO HMNMNOoOYINY BenNYeey wHRNNOYATHOMNNHMOOMBODTOMONMNMANTAMOBNDTHOHAHNTONMDIWD
- G
3 ) Elr nunrbrwvaweoaconoft ST D O HON NHMINDNSDE" TN OWn noomowpt"~NMAMOVDONONVTC OO HNYUTI DO TOWMFEFNOOM A
> = - N OTOHHHYMNONY LWL MMNIDY OHOMHON NOAHINO =M NTOONMTHOMNAHNOMANNNTMOTOOOTNLTHOONTMWIONOM N O
- - T -p
nM _ & ) el D R e ) (G0 ) e ) ) et s | el e SRS J BT RE §S P PRS I S ST e L G Y ddddd B I I DD DD DDA D DI d I I dddd g
— —g »
s Bl N TDwODONO weADMO T ADIN WEONAYMN DMOOMOW NO OV ANV VODAVTDONNBEY N AVTHODTD M OOM Y
= e N OTOHHAMMNOMID WV HMAT A NN -E OHOMNHOW NOHIO ~ M NTOCOWMTLOMNHLVOVNNNTNOTOOOTNTHOONTMIWIOMNO M N N T
7y
= = ||~ wLMoMomMBLHARNN HOVMmwOM- MNANO THIEOD AT AT NOVEMNMNEFINUATOICECANDOANEAN VOV VCOODMOON OB D~
= it “ ORANOYOrilNDO MNOMOYWO ORONN OCOOCCOFHY HOFNMOWwew OWOCOHAANHONOOOHOOOVHOTTOOHHHHAHNNNCOOONO N v v
.m EFTl 6 NTNOUDAHNNN HDONOD NOWOM BriTOb® DOONTOO Arf@NAaNBVOArivrrBRRENMNTOVOVOOOSSENMNOOHAHANTOND
- AN NN NN N i (0 e — Hee NN ik ahahehalalabalal el ol R R R R e L L L L LT .
| p—
£
Z 3 3 5
: : ]
/) m £ = g ~
> = i) -
- -+ ] =Y a
. - = p—~ -

Rev. Res. Disaster Prevention



\:International
. Seismological
Centre




















































































































































































































































































































































































































































































































































































































































































































































































































































































