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Fig. 1.

our seismograph system (from the

seismometer to the pen-writing gal-
vanometer) is indicated by the curve

B. For comparison,

HES type electromagnetic seismo-
graphs and other operated at the
Tsukuba station are shown.
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Fig. 2. Phase delay spectrum of our seismograph system (from
the seismometer to the pen-writing galvanometer).
rison, the phase delay spectrum of the HES type electromagnetic
seismograph (Ty=1sec, T,=1sec.) is also shown.
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Fig. 3. Frequency distribution of the number of waves
for which the wave form agrees among the three seismo-
meters constituting a tripartite net of 1km span.
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Fig. 4. Example of the records of aftershocks. The upper traces are reproduced
from magnetic tape at the paper speed of 6mm/sec and used to identify the shock on
the monitor drum recorder, the middle are reproduced at paper speed of 36 mm/sec
and used to locate the beggining of the S phase. The lower traces are reproduced at
paper speed of 120 mm/sec, and is used to determine the apparent velocity and direct-
ion of propagation.
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Fig. 5 Frequency distribution of the apparent velocity
of P waves from the aftershocks observed at
Hachiman.
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Table 1. The observed and computed differences in P wave arrival time
between stations. PHi, PHA and Pk are the arrival time at the
station Hirugano, Hachiman, and Kadohara respectivery.

Computed fron the
. Computed from the
Shock hypocentre determined p
number by the seismometer i hypocentre determined Observed
i by the large network
array i
Pur — Px i Pur - Px Pur - Px
Pua - Pk Pya - Px Pua — Px
—0.7  sec , —-0.7 sec —-0.6 sec
63 +1.3 | +2.0 +2.2
+0.5 ! +1.3 +1.0
68 +2.5 +4.8 +4.6
+1.7 | +1.7 +3.0
69 +2.7 +5.3 +5.5
+2.5 | +1.1 +1.2
82 +3.2 4.4 +4.1

[[z7] ondesite, Tertiary

quartz porphyry - rhyolite
E= wmesozoic, Tetori series
crystalline schist

V77 Paleozoic sediments

Hida metamorphic rocks

Fig. 7 Geological Map. HA : Hachiman, HI : Hirugano,
K : Kadohara. Our multi-seismometer station is

located at Hachiman.

indicated.

The aftershock area is
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WO DRBLPIERITHDT, 10 LV BEVETLIOBRELVWEERTES., —
HTbhbh DL PG BEORURBIITSOBEZ I OTVWEDTH B2, TOMMILRK
RE LI THEOET L (B6R) OBEZERT SRS, E5WSRICEBET
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BLELTVEREBDOL DDV, JBHEE & F RO & EE O Fi5p8 4.02 km/sec,
BERIECEHHF O quarty porphyry @ Fi95% 4.28km/sec & 70T, WihdaEFE
BHILOPSLE2TwS, REFFREE REOEBORIEERTVWEVS, BF5
{, crystalline schist @ V, OF-#5 4.74kmfsec L D AZWHEBP L2 DTHA S,
Db OHE LT % 3 DDHEE Ve ORE SDIEFTAERS &, FREOT D 4E,
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6km/sec X D& N ERLIELIEDD. 2D
ZEUE, EAT, 27 OFEIET Skm/sec
BED Ve, 23 0BPFETELEZRTLEAHT
IWThHArS. LkdF2T, k) OEITEA
% & REMOFHIE D 2WMEEERD Ve b, #HE
Fig. 9 The apparent velocity of P ﬁ@%&%bﬁ%?ﬁf‘%éﬁ, HEBRUA & D B Ew
waves from earthquakes other EEZTIWTHSHH. £ T TIOHEIEEKRD,
than the aftershocks of the MW TCHEIMOII BB THLTWEEFEEL
Kita-Mino earthquake.

THiz, £5T5E, H6NOEHE, HoXd
whREchbit LT %, BL, WHEHEKD Ve, &2 4.5km/sec 5 X 5.0km/se,
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BRI L S HMHED R L W SVDHEEN, ZOMERHEZ XLHATS. b
LART VYV 0.25 1T, Vy=>5km/sec DIF5&ELSHT 13 #3394 L, Vpy=6km
jsec & UTHE &L BT 0.25 B2 P~ SHHPAREL RS,

Z D P~SHEMOMER, NEELEOHERMEREY, PERIBVFEITIEW V, &
L0k LTLHIITE 225, B TEHNSNAL 3 BELFEFCS £ 3T 50—
SEeSh L,

EIMITR LB THEDEF AN, COXIRWAVARERTEZLCAZS. L
LEZDLDORIE ST, ThREFBE—DDFEERL DR EEREZ TTZ LIXTER.
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JUBTEN L7t BB AR O MRS OEFH AL, w%ﬂf%ﬁmehrbéio
1T, dh 30° W&k 70° BOMOBWHEIESh TS, & 10 it T O RDMEES
MaERLE. HxOMBC OV TOHAOMEN, MCEkkdie, +3° BERP %
hivaviEbhss, HEROI 30° Fhch TORMRLEDHE, ZOEWE
BEZ2ESF5L0THSE. KBTREC XL AEOMEN, /F»DRT, 4628.5°HD
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Fig. 10 Frequency distribution of the direction of propagation of P waves
from the aftershocks observed at Hachiman.
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Apparent direction to epicentre from small
tripartite observation (N degree W)

The direction of propagation of P waves

observed at Hachiman as campared to the

direction toward the epicentre determined

from the S-P times obtained at the large

tripartite stations.
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FRTHY, KEBRLZEZBRELT TRTERIDVEMREDTWS Z EIZFELWV.
CHIIMRRD Bk LIF LIS ST\ 5 “BEEBRIIC X > THRD O REDOMEL
REHOWMICDHD” VS LX—HTIHERTDH 5.
BOBPFOEFEHAE N HERCHELTL, 2T LIL0HA»EOREDS
MZETEEVREYy., BTBEOKFEEROINELARTWRELEL S, ZORE
ERERTH 0D, —EHEMSRDONIBIETE2HEDIOTHS. Theil
Rp7ew, FErE, BE ABORZEOP~SHHASER © & o bh/iELov»
T, THOLTHRDONACBE~OFRE, NRICRT 2500 Fi & OBRE LHNT,
ZOBFREE 11 KiewT., RiErikioiEs2& L&, 120REWLThiEzRL
TWwa., ThiZ, Jb 60° FEMFED LT HFAE S O2BEC DWW, RER»LED
BHA~OFHRIL 46° T6 OBV ILRB L THDE. EHLBEDBEANOFRIZIE
PEMBIZD, MERRC, KZAEOPOREROELZFVW, AL, ETOHP T
FRPLERZHEETSLLE, BREOFEI L LTRAZSAOP~SEHMM»LELNLIDD
AV, TOBREE2RIRT. RERDOP~SEHPLRDIERD, RVEHLE
IL—HLEVEERHEH, 2L LD, NFTOEPTHFRAILRDIHD X D IR
WEWHEREE2D. 2FD, ANBFTHRESNLDZPTHFADS DL, b 60° BEEOD
DRBEILERFREZEX, EOBREThIVIIAE X b ThiLiEmIhsd. h
1%, J\ED»B A TIL 60°~T70° 78 D7 D ICHE DXLV channel 52T, #ENIE
Table 2. The observed and computed differences in P wave arrival time

between stations. PHi, PHA and Px are the arrival times at the
stations Hirugano, Hachiman and Kadohara respectivery.

Computed from the
Shock hypocentre determined computed from the
number by the seismometer hypocentre determined Observed
array (the focal depth by the large network
is corrected)
Pur — Px Pai — Pk Par — Px
PHA — Pk Paa — Pk Paa - Pk
+3.4 sec +0.9 sec +0.9 sec
67 +4.8 +4.3 +4.0
+4.0 +1.7 +3.0
69 +5.3 +5.3 +5.5
+3.3 +1.5 +2.1
. +5.3 +4.9 +4.9
+3.1 +1.1 +1.2
82 +4.3 4.4 +4.1
+1.8 +1.1 +1.5
8 +3.1 +3.4 +4.3
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Fig. 12 Comparison of the records for different wave paths. The record is
simpler for the geologically simpler path.
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Fig. 13 The direction of propagation of later longi-
tudinal waves as compared to that of the
initial P waves.
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Ffg. 14 Example of the records in which the direction of propagation of later

longitudinal waves disagrees with that of the initial P waves.

P; may

be the waves refracted horizontally along a high velocity channel and
P, may be the direct waves.
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17. Study of Earthquake Waves by a Seismometer Array.
Part 1. Aftershocks of the Kitamino Earthquake of Aug. 19, 1961.

By Keiiti AKI,
Earthquake Research Institute.

As reported in a preliminary paper by Miyamura and others, a multi-channel
magnetic recording seismograph system was effectively used in locating small after-
shocks of the Kita-Mino earthquake of Aug. 19, 1961. The seismograph system consists
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of a triparitite net of vertical component seismometers having the span of about 1km
and two horizontal component seismometers placed at one point. The seismic signals
are sent to the recording station by cable, and recorded on a single 6 mm magnetic tape
by the use of a delayed trigger mechanism. The records are reproduced on a paper
by pen writing galvanometers with the paper speed of 120 mm per second. The ampli-
tude and phase characteristics of the system (from the seismometer to the galvanome-
ter) are shown in Fig. 1 and Fig. 2 respectively. The phase differences among the
channels are reduced to less than 5 degrees for the frequency range from 0.2 to 20c/s.
The accuracies of determination of the apparent velocity and direction of propagation
are estimated as better than 495 and 3 degrees respectively for P waves from the af-
tershocks.

In order to determine the epicentre and the focal depth of these aftershocks from
the obtained apparent velocities and directions of propagation, we used a crustal model
based on the refraction result by the Research Group for Explosion Seismology.®

This model has a horizontally homogeneous structure (Fig. 6). The average appa-
rent velocity of P waves was 7.1km/sec for the aftershocks (Fig. 5). This value
combined with the average P-S time of 4.8 sec gives the average focal depth of 22 km
for these shocks.

The Earthquake Research Institute also operated other two temporary stations, which
together with our station, make a large tripartite network covering the aftershock area.
The P and S arrival times at these stations are used to check the validity of our esti-
mation of the focal depth of the aftershock. It was found that the true depths of these
shocks can be no deeper than about 12 km.

The failure of correct depth estimation from the apparent velocities must be attrib-
uted to the improper choice of the crustal model. A modification of the model is pro-
posed (Fig. 8), which gives better depth estimation and seems to be supported from
other seismological and geological evidence.

We found for certain earthquakes that the apparent direction of the propagation
of P waves must also be corrected for systematic error up to as much as 15 degrees.
This correction can also be correlated with the detail of the local geology. Fig. 14
shows an example of these seismograms in which the initial P waves (P,) are the waves
refracted horizontally along a possible high velocity channel and the later waves P2)
are the direct waves.

It was emphasized that a careful examination of the systematic error is necessary
in locating the hypocentre by the use of the apparent velocity and direction of propa-
gation of P waves obtained at a single multi-seismometer station. Once the systematic
error is corrected, however, this method of locating the hypocentre is very effective
especially for very small earthquakes.
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