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Abstract

The crustal siruciure in Wakayama District was derived from close
observations of local and near earthquakes at network stations spread over
the area. Laboraiory experiment on bed rocks was also made to get re-
ference data on seismic velociiies.

The propagation velocities of the P- and S-waves and the layer thick-
ness obtained, are : V,=4.3km/sec, V:=2.4km/sec, si=4km for the
sedimentary layer, V»=>5.5km/sec, Vs=3.2km/sec, hz=7 km for the graniiic
layer, V»=6.1km/sec, V,:=3.5km/sec, As=15km for the basaliic layer,
and V,=8.0km/sec, Ve=4.5km/sec for the manile surface, respectively.
The crusial depth to the Mohorovidi¢ discontinuity in this region is
estimaied to be about 26 km.

The spatial distribution of foci of micro-earthquakes in the northern

part of the disirict, is confined above the granitic layer.
1. Introduction

Seismometric siudies on the siructure of the earih’s crust have suc-
cessfully been made by many seismelogisis from various siandpoinis since
the earlier days of the preseni century. As a resuli of these excellent
investigations, considerable pari of the secreis aboui the physical pro-
perties of the crusi has ceriainly been broughi io light, alihough some
problems remain unsolved.

Wiih the recent advance of ihe observation technique and accuracy,
the detailed regional characier of the crust and iis relation wiith the con-

ditions of earthquake occurrence, came to be an atiraciive subjeci of re-



search, not only in the siudies of natural earthquakes but in explosion
seismology. As one of the ways io pursue solution of the problems, close
and intensive observations of local and near earihquakes are required.

As is well known, in Wakeyama Districi, Japan, micro-earihquakes
have frequently occurred wiih diversity in location and variation in fre-
quency of their generation. The vicissiiudes of these local shocks may
probably be related wiith the crusial deformation in the Kii Peninsula.
Hence, the crusial siruciure in ihe region must be invesiigated in connec-
tion with the crustal deformation by- effeciual methods.

A. Imamura and others made the first sysiemaiic observaiion of
“miniaiure earihquakes’ in this region in 1929V. Since 1952, the Geo-
physical Insiitute of Kyoio Universiiy, in co-operation wiih the Earihquake
Research Insiitute of Tokyo University, has effeciively observed local earih-
quake swarms at many neiwork siaiions spread over the same area with
highly sensiiive seismomeiers of eleciromagnetic type?. The results ob-
tained in the observaiions in 1954 and 1956” gave a clue io elucidaiion of
the  generation mechanism of the micro-earihquakes and the crusial siruc-
ture in the said district.

For ihe pilrpose of clarifying and discussing in more detail unsolved
quesiions, especially on ihe siruciure, seismomeiric observaiion on a large
scale was executed in 1959. ‘Special aiieniion was paid in ihis case io0
observe mnear earthquakes as well as local shocks with high accuracy of
time at dense nei of “siations, in order o gei some definite informations on
deep interior of the crust.

" In the present paper, the resulis of three observaiions and laboratory
experimenis on rock samples collected in the region will be reporied and
discussed. The crustal' siruciure will be revealed io some deiailed exient

by synthetic analysis of the resulis.
2. Further Observation in 1959

(1) Seismometric observation

With.a view to asceriain ihe previous findings, ‘which were obiained in
the past two experimenis, and io get more available data, a third iime
observation of local shocks and near quakes was carried out at four siations

established temporarily in Wakayama region from August 10th to 3lsi in
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1959. Emphasis was laid, in the present case, on studying the fine crustal

structure. Posmons of the observauon staiions are shown in Table 1 and
Fig. 1. These stations, except one at Shimoisu, were set up at the same
Table 1. Observation Statiqns established in 1959.
Station Location Elevat. ‘ Coordinates
i o h { X X
Wakanoura (W) | 135°10' 04"E 34°11723"N "35m 0 km 0 km
Idakiso (¢} 15 14 11 53 35 —0.91 7.90
Nokami  (N) 17 50 09 47 80 2.99 11.76
Shimotsu  (S) 10 06 06 19 40 9.26 —-0.12
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Fig. 1. Location of observation sta-

tions and epicentres of local shocks

in 1954, 1956 and 1959 observations.

Q ; observation stations of the
Kyoto University.

[0, & ; observation stations of the
Earthquake Research Institute.

@ ; epicentres.
4 ; spots where rock samples were

collected.

points as in the last observaiion.
The coordinates were determined as
follows, taking Wakanoura as the-
origin, southwards as the X-axis
and easiwards as the Y-axis.
Observation techniques were,
for the greater part, the same as
stated in the previous paper®, but
in this case iwo eleciromagnetie:
seismometiers of horizonial com-
ponent were installed a: all sta-
tions, while a vertical seismomeier
was used at most of observaiories
The JJY standard time

signals were marked every second

last time.
on oscillogram rotaiing nearly 5
mm in a second.

During the observational pe-
riod, 32 local shocks with P~S
duration times of less than 5 sec,
and 6 near earthquakes with those
of longer than 6 sec, were well



recorded concurrenily at more than two of the four stations. The {requency
specirum of the P~S intervals recorded at each station, shows that the
highest frequency lies in ihe period of 0.5~1.5 sec at Wakanoura, 1.5~2.0
sec at Idakiso, 1.5~2.5 sec ai Nokami and 1.0~1.5 sec a: Shimoisu respec-
tively.

(2) Determination of local earthquake foci and the time-distance graphs

Seleciing 9 clearly recorded shocks out of the above, their foci were
determined by use of the P~S duraiion times ai four siaiions, under an
assumpiion of homogeneous medium. The locations are shown in Fig. 1
and Table 2. In addition, the observed data at the respeciive stations in
the above 9 shocks recorded in the present experimeni and 27 earthquakes

in the last observaiions, are together tabulaied in the annexed table.

Table 2. Position of foci and propagation velocities.

Shock | X Y | z k Va Vi VoIV
No. (km) (km) | (km) | (km/sec) | (km/sec) | (km/sec) o/ Vs
314 | 0.35|-0.85| 6.25 | 6.86 4.56 2.73. | 1.67
315 | —1.40| 1.25| 7.50 |. 6.38 4.64 2.68 1.73
320 | —0.23| 0.25| 5.73 | 5.9 4.62 2.58 1.78
326 0.80 | 1.60| 5.40 6.03 4.82 2.68 1.80
333 6.85| 0.30| 550 | 5.22 4.45 2.41 1.85
335 | 3.90| .0.65| 3.75.| 5.44 | 4.28 2.38 1.79
353 3.55 | 0.20| 4.40 | 5,40 4.82 2.54 1.89
359 4.80| 0.75| 1.60 | 5.59 4,42 2,46 1.79
360 | 6.25|-0.95| 5.60 = 6.32 | 4.50 2.54 1.7

For convenience’ sake, the arrival times of the P- and S-waves were
ploited against the hypoceniral distance, insiead of the epiceniral, on a
time-distance graph. In the present observaiion ‘also, the iravel time de-
viation® related with the push-pull disiribution in seismic initial motions,
was clearly observed, in spite of slighily lower time accuracy due to small-
er number of stations .than those in the previous experiments. In other
words, the time-disiance relation was represented as a siraight line in 3
shocks in which the initial direciions were the same sense at ‘all siations.
On the contrary, it could plausibly be divided into iwo groups differentiaied
by push and pull in the iniiial motions in 6 quakes. Fig. 2 illusirates
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Fig. 2. Time-distance curves in two local shocks.

the iravel-iime curves of the iwo examples. The distance coefficient %, the
propagaiion velocities V, and V. of the P- and S-waves, were esiimaied
from ihe fravel-time analysis.

When the P~S iimes are iaken as abscissa, insiead of the hypoceniral
distance, the gradieat of the straight line is expressed by dT,/dTs-»=
1/(Vy/Vs—1). That is, the velocity raiio of the P- and S-waves, or
Poisson’s raiio, can be esiimaied from the arrival iimes of boih waves
observed at iwo siaiions. As ihis method needs no assumpiion on a seis-
mic focus aad crusial siruciure, the errors aitending deierminaiion of hy-
pocenire will be excluded. This is, then, effeciively used in research of
the local character of the earth’s crust from simple esiimaiion of the said
ratio¥® o,

" Applying the above technique to our data in 32 shocks, the values of
V./ Vs are esiimated to bé from 1.6 ¢ 1.9 in combination of two siaiions
with the same sense in initial motions, while they show abnormal values
for' greater part of combination of aay two siations with ‘the opposiie

] .. s - . F . . - C . - De . -
iniual sense. This fact may suppor: the afore-mentioned i{ime anomalies.
(3) Horizontal direction of initial motion

The direciion of approach of initial wave at-each station can be denved

from veciorial resuliant of the initial amplitudes in two horizonial com-



ponenis. In ihe presen: case, the recorded ampliiudes were corrected
by the following experiment. In the respeciive sysiems, composed of a
seismomeer, galvanomeier and shuni circuii, a constant infinitesimal dis-
placement was given suddenly io the seismometier’s pendulum by a certain
small mass, and the ampliiudes recorded on oscillogram were measured.
The direciion thus esiimaied is not always in accord with. the orien-
tation. connecting each siajion with an epicenire locaied by travel times of
seismic waves. The epiceniral orieniaiion ¢: measured counier-clockwise

from easiward ai each staiion and the deviaiion 40: are shown in Table 3.

Table 3. Deviation of horizontal direction of initial motion in Jocal shocks.

]
Shock w . I N . S. ’
NO. l
- ® o | o | 40 D) 40 ) | a0
314 | 2022 | —17° | 188 | 428 | 168° | —28° | 95° ‘ +19° !
315 | 48 -1 ‘ 8 | +2
|
320 | 42 +2 18 | -1l [ ‘
326 i 167 -5 | i
| | ~-33
333 226 . —12 | 219 -8 | 8 | ;
| I +36 |
353 | 274 +55 ! 183 -53 | 88 \
' bo+47
359 i 190 | +29 | 80
‘ +36
360 : 194 | +24 | 81 |

Of 19 reliable data in the case of local shocks, the deviaiion is found io
be less than 10° in 4 daia, from 10° i0 20° in 3 cases, from 20° io 30° in
6 cases, and larger than 30° in 6 daia. Those deviaiions are considered to
be so large for accidental observational errors, thai may probably be
concerned’ with ihe crusial situciure”®, the mechanism of earthquake
occurrence® or the dimension of focal région, but no systematic deviation
is deteciable in relaiion io @:, as far as ihe preseni daia are concerned.
Any conclusion, therefore, cannoi be derived from these resulis.

On :he other hand, the deviation found in the case of near earihquakes
does not exceed the range of observaiional errors, if ihe onsei of waves

was recorded clearly.



3. Structure of the Upper Crust
from Local Earthquake Data

In order to deduce the crustal upper siruciure in the area oncerned,
the velocity distribution in relation to location and focal depith were in-
vestigated using the synihetic data of local shocks obtained in 1954, 1956
and 1959 observations.

a) Relation between the seismic velocities and epicentral eorientation
measured from some of the siations was examined closely, recognizing no
regional character.

b) Fig. 3 shows the relationship between the velocities Vi, Vs and
k of the P-, S- and fictitious P-S -waves and the focal depths. Ii is to be
remarked that they were calculated assuming the upper crust to be of
uniform medium. As can be seen in Fig. 3, the wave velocities tend to

increase gradually with an increase in focal depth. This tendency tells us
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Fig. 3. Wave velocities versus focal depth.

that the crustal structure in this region may be not uniform but complex
medium with higher velocities in its lewer part. For further discussion,
therefore, the siructure will be assumed, as a second approximation, o be
of horizontal parallel layers.

As stated in the previous paper?, the surface layer, composed of
metamorphic rocks indicaiing a longitudinal velocity of 4.3km/sec, is
esiimated t have a layer thickmess of about 4 km, on the basis of the



resulis of seismic prospecting'® and the velocity values for the focal depth
of less than 4 km indicated in the above figure. The corresponding
velocity of the transverse waves is found io be 2.4 km/sec. Determining
éecondly the propagation velociiies in the second layer io be adaptable to
the velociiy disiribution shown in Fig. 3, they are calculated as nearly 5.5
km/sec for the P-waves and 3.2 km/sec for the S-waves. The procedure
of determinaiion is described in some detail in the previous report.

The velociiy of the P-waves in the surface layer and the layer thickness
will be confirmed subsequenily from laboraiory experimenis and observa-

tions of near earthquakes, respeciively.

4. Measurement of Elastic Wave Velocities in Surface
Rocks by Means of Ultrasonic Pulse Transmission:

Laboraiory experiments were made for rock samples collecied from
ouicrops in the vicinity of the observaiion poinis in Wakayama region.
In order io get more direc: evidence on the propaga':cion velociiies in the
surface layer esiimated from local earthquake observaiion, the elasiic wave
velocities in the samples of bed rocks were measured by means of ulira-
sonic pulse iransmission. Twelve locations where the maierials were
gathered are also given in Fig. 1. Aboui 3 materials collecied in every
locaiion may be regarded. o represeni the bed rocks of each spot. These
are meiamorphic rocks iermed epidoie-chloriie schist, sericite-chlorite schist,
quartz-{ale schist and graphite-quariz schist, etc.

Measuremenis were carried out at the Abuyama Seismological Observa-
tory of Kyoio University. The experimental apparaius and technique are
the same as reporied by Kubotera'?. Experiments went.into operation at
room temperaiure and under ordinary aimospheric pressure. The X-cut
BaTiOs crysials were used as a longiiudinal pnlse generator of 500 ke-
supersonic waves. The materials’ lengths along the direetion of rock joints
ranged from 50 o 100 mm. Fig. 13 gives an example of cathod-ray oscil-
logram phoiographed in the measurement.

The obtained velocities diverge from 4 even to higher ihan 6 km/sec
for several kinds of many samples, and no significant difference is re-
cognized for the values in various .places. However, the apparent velocity
for all of 32 data is estimated as V»=4.2]+0.16 km/sec by the method of
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° ‘ lée'xst squares, as indicaied
fi-om the ‘ransmission times
ssec. A }f ploiied against the lengih
of materials in Fig. 4. The
I ° y, 37 above discrepancy beiween
:’ 0 the irue and apparent veloci-
T / & 1ies makes the maiier com-
0% plicated. This quesiion re-
I 0 © main uniouched here, but
T ’ o g will be solved in fuiure. It
L]

is only to be added that the

laiier velocity shows a good

N N 1
»® mes agreemeni with ihe resulis

Fig. 4. Transmission times against of seismic Prospecting car-
: .
material’s length. ried oui ai Shimo:isu!® and

the value obtained from local earthquake observation.

5. Structure of the Lower Crust
from Near Earthquake Data

Generally speaking, presumpiion of local siructure of ithe crust solely
from observaiions of near-by earthquakes, seems o be very difficuli work,
and -most of the siudies of this kind are limiied to obtain a knowledge
about ihe upper part of the siructure. To get a clear pic’mfe oa ithe whole
siruciure of the crusi, some distani siaiions are required io be esiablished
as well as close staiions in a confined region!® 19,

In the preéent case, however, insitead of the prevailing method, we
adop’ced the way to observe near and disiant earthquakes with higher
accuracy at the afore-meniioned close observation neiwork. The macroseis-
mic data recorded by local meieorological observaiories were used syntheti-

cally, when available.
(1) Determination of wave velocities

Earthquake wave velocities in the deeper crust were determined from
observaiion of 9 near earithquakes having the P~S times of longer ihan

6 sec observed at more than ihree staiions in 1956 and 1959. The observed
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data are also lisied in the anneéxed table.
a) Time-distance graph meihod

The epicenires of 4 oui of the 9 earthquakes observed can be located
by macroseismic observaiions. Their focal depihs weére calculated as being

within the crusi, as shown in Table 4. Fig.’5 illusirates the time-disiance
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(d) No. 348
4 near earthquakes.

relaiion observed at our neiwork siations for these earthquakes. This
means the ordinary iravel-iime curve drawn at a ceriain scope of distance,
as seen through a magnifying glass. The time errors are less than 1/50
sec in well seismograms and about 1/20 sec in oiher records. The iime-
distance relations in the above 4 earthquakes are successfully represenied
as a siraight line respectively for the P- and S-waves with satisfactory

accuracy. This fact may indicate that there exists no remarkable regional
Y g
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conirast in crustal siructure in the ‘district mentioned, considering slight
difference beiween the wave periods in near and local earthquakes.
b)- Tripartite stations method

Making use of the arrival time differences of the initial P-waves
recorded at three observation points in a small area, the apparent velocity
and direciion of approach of the waves will be effectively estimated. In
the present siudy, this method of tripartiie stations was applied o our
data of 9 near earthquakes, as iheir epiceniral disiances inferred from the
P~S times are far longer as compared with ihe span of observation
network. The errors accompanying this procedure depend upon ihe form
of iriangle connecting the three stations. Afier Miyamura’s method!?,
the directional errors were estimaied ‘0 be 3°~8° and the errors in the
apparent velocities were 5~149% in our case, assuming the reading errors
of the arrival times to be 1/20 sec.
¢) Table 4 indicates the wave velocities and the direciions of approach
obtained by either method of the above two. The difference in the values
for boith methods are within the range of the estimated errors. Fig. 6
gives a veciorial representaiion of the velocities of initial P-waves.

Judging from the epiceniral distances, focal depths and velocities,

Table 4. Observed results of near earthquakes.

v, | v, aK |AM. | Stations BNy

Shock|
No.

240 | 6.00 | 3.40 | 1.77 70° A | LLN,W,K,Y |11 135°32/ | 35°01/
254 | 6.27 | 3.60 | 1,74 | 221 A | Y,W,K,N,I (10 13415 (3345
348 | 8,05 | 4.55 | 1.77 | 233 ) | S,w,N,I 20~30| 13212 3041
371 16.10 | 3,48 | 1.75 55 a |I,N,W,S 10~15| 136 13 | 3525

244 16,13 | 3.53 | 1.74 | 296 @ | NY,F,Y,W

304 | 8.14 | — — 304 (2 |N,S, W
321 | 7,08 | — — 285 @2 (S,1I,w
332 12.95 | — — 300 @) | NI, W

369 | 6.14 ['3.46 | 1.77 | 234 @ | W,N,I

Vi Vs ; the velocities of the P- and S-waves, in km /sec,
H ; the focal depth in km,
X/ 5 direction approach of initial - P-wave, measured counter-clockwise
from eastward at Wakanoura,
4 @ ; longitude and latitude indicating the location of eicentre,
A.M. ; ‘analytical method, (1) time-distance graph method, (2)tripartite

stations method.
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indicated by iravel time curves
in the 4 earthquakes shown in
Fig. 5, the initial P-waves in
the cases of (a), (b) and (c),
and the case of (d), are consid-

ered to correspond to the re- W] e >
fracted P-waves propagated be-
neath the inierface beiween the
second and third layers, and
under the Mohoroviéi¢ discon-

tinuity, respectively. That is to

say, ithe propagation velociiies ':?,
determined for the earthquakes, Fig. 6. Velocity and direction of
Nos. 240, 254, 371, 244 and 369 approach of initial P-waves.

are regarded as those in the third layer, and the velocity for the earthquake
No. 348 as that in the upper part of the Earth’s manile.

Under the assumption of horizontally layered siructure, the seismic
wave velocities in the respeciive layers in Wakayama Disirict are assigned
as follows, taking account of the resulis of local earthquake observation
and laboraiory experiments ;

Ve=4.3km/sec, V:=2.4km/sec, k= 5.4km/sec in the 1 st layer
Vs=5.5km/sec, V,=3.2 km/sec, k= 7.6 km/sec in the 2nd layer]
Vp=6.1km/sec, Vi=3.5km/sec, 2= 8.2 km/sec in the 3 rd layerJ @
V»,=8.0km/sec, Vs=4.5km/sec, #=10.3km/sec in the 4 th layer

(2) Prominent phases

In the P~S interval on seismograms of the said near earthquakes,
several promineni phases are deteciable as shown in Fig. 13.

The time intervals beiween the initial P-wave and the laier phases
concerned are tabulated in Table 5. Fig. 7 shows the intervals P~X;
plotied against the P~S times instead of ihe epiceniral distances. As
easily seen in the figure, iwo clear phases with consiant {ime interval
irrespeciive of the P~S times can be found and picked out. When these
iwo phases are ftentaiively termed X; and Xi; respectively, the time
intervals are,

P~X; =0.914+0.03sec for 9 data in 5 shocks, and
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Table 5. Prominent phases in horizontal seismograms.

Shock St P~S P~X;
No. ' sec sec
240 K 11.87 2.30
N 11.60 | 0.92 1.27 2.26
244 N 9.39 | 0.91 2,29 3,32
254 K 11.44 2.38  3.60
N 12.06 2.28  3.70
304 N 6.26 | 0.93 2.28
311 w 11.18 2.37  3.29
317 N 5.67 2.25
321 S 23.45 2.33 4.00
332 N 6.10 | 0.89 1.82 4.58  5.43
348 w 50.20 2.02 2,40 418  4.90
I 50.72 2,00 2,61 4.11 5.40
N 50.63 2.37 4.08 5.92
S 49.49 1,24 2.32 302 410 6.03
369 w 12.00 | 0.87 1,70 2.32 3,70
I 12,67 1.34  2.35  3.60
N- 12.5 171 2.28  3.00 5.1 5.69
S 12.47 | 0.9 2.37 4.80 6.03
371 w 19.55 | 0.92 2.35 .3.89 5.05
I 20.08 3.28
N 20.28 | 0.93 2,32 3.35 5.66
S 21,43 | 0.90 191 2,37 6.70
e ]|
sec. &
“ i . . o °
u'_ o a Xn —a-op0 —
X
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Fig. 7. Time intervals of prominent phases.
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P~X1r=2.31+0.05sec for 15 data in 9 shocks.
Moreover, a fairly distinct phase Xir is recognized at all staiions in an
earthquake (No. 348) with longer P~S time. The duration time s
P~X;11=4.1240.06 sec for 4 data. ‘

The characteristics of these prominent phases are discussed in the
following. .

a) They can be deiecied ai mosi of the siaiions in mosi of the near
earthquakes treaied here. '

b) The time inierval beiween the initial P-wave and them has a cer-
tain fixed value wiihout respect to the P~S times or the epiceniral dis-
tances.

¢) The phases predominate in horizontal components and cannot be
found obviously in vertical one. That is, in' the observation in 1956, they
were recorded on horizontal seismograms at two stations equipped fully
with three component of seismometers, and not ai oiher staitions with the
vertical only.

d) The wave phases display evidently a kind of polarizaiion. Fig. 8

shows an example of loci of pariicle moiions in the phase Xiz.

o~

S8

=/ <
.
IS

Loci of particle motions for the phase Xr7.

Fig.

The plane of vibraiion seems io accord with the plane of incidence.
Namely, they are presumed o be of SV-iype.

On the basis of the above-examined features, we can identify the phases
in question as the so-called ‘ Wechselwellen” (iransformed waves) PS,
which have thus far recognized in some cases'™!®'"'®. The firsi waves in

most of the foregoing earithquakes correspond to ihe refracied P-waves
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which have travelled horizontally beneath a discontinuity surface, as stated
in the preceding sections. The waves PS can therefore be regarded as
transformed refraction arrival*®?® changed from the P-waves at the inter-
face. The similar incidence was observed also in field- and model-experi-
menis®™. The wave paths for the transformed waves are schematically
illustraied in Fig. 9. Taking the velocity of the refracted P-waves into
consideration., we can cons1der, the phases X7, X7 and Xu_z correspond

to the cases (1), (1) and (2), respeciively.

m m <2) U" -

'////A//

a4

Fig. 9. Schematlc representation of wave paths for transformed waves.

e) To confirm the above identification, the theoreiical relation between
the amplitudes of the refracted P-wave and that of the transformed PS-
wave was roughly esiimated and compared with the observed values. For
the sake of siniplicity, the divergence effect of amplitude in relation to
travel distance and the effecis due to discontinuity surfaces on the way
were omiited. Consequently, the amplitudes’ ratio of the SV- and P-waves
on the occasion of refraction at the bottom interface, and the angles of
incidence at the ground surface, play a decisive 7dle on the relation of
both waves which will be recorded on the surface.

The amplitudes’ ratio of the reframed SV-wave and refracted P-wave,
both of which result from incidence of P-wave at any plane boundary, can
be expressed in the followmg formula®%2829 That is,

!
Ay bz—l—za'b—%(b’z—l—Za'b)
A'p ~

! (2)
2b+b' (6%~ 1)+”7(2b'+b(b’2—1))

a=cot ip, b=cot in a' =cot ip’, b'=cot iﬂ’,
and Vp/Sin ip= V./sin‘i, = Vp’/SiIl ipl = Vt’/SiD. is’, (3)
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where i» is the angle of incidence of the P-wave, 3’ and #, are ihe angles
of refraction of the P- and SV-waves, V,, Vs; Vo', Vi’ are ihe propaga-
iion velociiies of both waves in iwo media, and &, ¢’ are the rigidiiies of
boih media, respeciively.

Assuming the densiiies of media in the four layers io be 2.6, 2.8, 3.0
and 3.3 gr/cm?® respeciively, the raiio of horizonial ampliiudes Ay, and
Asvan of the P- and SV-waves, which will be observed at the surface, is
calculated for ihe cases illusiraied in Fig. 9, by use of ihe velociiy values
in Eq. (1D. It is o be remarked here ihai the raiio A'sv/A’# in the case
of (I) or (2) tends w a ceriain finite value as ihe inciden: angle i
approaches 90° over nearly 75°, though in geomeiric optics the respeciive
energies of refracied two waves tend io be infinitesimally small. The

resulis calculaied are shown as follows.

€)) an @ 2"

Alsv/A'y 0.07 0.17 0.18 0.05

Asvom/Apw 0.08 0.20 0.29 0.08
(0.35 0.83 1.44 0.42)*

The observed amplitudes’ raiios are considerably larger than the above
theoretical values. This is, however, noi a faial coniradiciion for us, as
poinied oui by Matuzawa'®. One of the reasons for this is atiribuiable io
wave incidence being nearly right angle ai the surface, due io existence of
a superficial layer. When a thin weathered layer in this region, in which
ithe longiiudinal velociiy is estimated as aboui 1,000 m/sec'?, is iaken inio
consideraiion, ihe iheoreiical raiios are compuied larger, as indicaied by

an asierisk. The observed values are in this order of magniiude.

(3) Deduction of layer thickness from travel times of the PS
trans formed waves

Prominent phases deiecied in ihe P~S inierval on ihe seismograms
of near earthquakes are ideniified as the iransformed waves shown in Fig.
9. Several approximaie solutions for the iravel times of various irans-
formed waves have thus far been obiained”1¥1®. [n our case, however,
the exaci soluiion for the iransformed refraciion arrival can be obtained
in a simple form.

We shall here consider a horizonially (n+1)-layered siruciure. Lei



p T ve V. the velocities of P- and S-waves
" PR T s in each layer be Vp;, Vs res-
;,zi P //s Vy, Vs, peciively, and the layer thick-

ness be k; (j=1,2,-----, n+D.

: P /% : : Then, the difference ¢ beiween
1 { | the iravel time of a iransformed

T refraciion PS and that of re-
B l %/5 Vom Ve fracted P-wave, which comes
E———

from difference of the indicaied

V Ve o
P - Prv TSm0 paths in Fig. 10, is expres-
Fig. 10 .
sible as;
n tan ip —tan iSj 1 1 20
tn=>h (L ?; / — i
g JZ=I ! Vb +Vsjcos is, Vp,c0sip,
n cosis, COSip
5 (P, 4
2y, vy @
where sinip,=Vp,/ Vo sin ig,= Vsj/ Vbt

The iravel iime difference for the respeciive cases in Fig. 9 are wrii-

ten in the form;

X}

(D Blz=j‘lduh; azy=cos is,/ Vs,—cosip,/Vp,

(1’) 5tzl=12=102jhj sin ipj= Vﬁ,/ Vﬁa’ sin isj= VS,/ Vﬁa

- B

. 6)
3
(2). oty= nglasjh; asy=cos is,/ Vs, —cosip,/Vp,

2
2h 513'=J§ asshy sin ipj= Vﬁj/Vﬁu sin is_]: Vs,/ V}h

Hence, ihe layer thickness %, can be esiimated on the ground of the pre-
vious knowledge about ihe wave velocities in the respective layers and
time iniervals beiween the refracied P-wave and ihe iransformed waves in
quesiion. The coeflicienis are compuied as follows using the velocities in
Eq. (1). That is,
an=0.217, a@:»x=0.200
@3 =0.202, @3;=0.155, a@s3=0.15I.
As siaied previously, we find,
P~X; =0t'=0.9140.03 sec,
P~Xir =6t =2.3240.05 sec,
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and P~Xy21= 6ty =4.12+0.00 sec.
Consequenily, we gei, applying Eq. (5) io these observed daia,
h=42+402km, h:=71+04km, hs=14.64+1.2km,

. : ©®
and H=jZlh,=25.6:tl.8 km.

The above errors come solely from ihe iime errors in ihe phases meniion-
ed, bui will become larger if ithe accuracy of velocity values are taken into
accouni. /i, the thickness of sedimeniary layer, agrees well with the values
esiimaied from local earihquake observaiion. H may be regarded as ihe
depih of Mohoroviti¢ disconiinuiiy in this region. This value is in fair-
ly good accord with ihe crusial depih over ihe Kii Peninsula?®26%" deduced

from oiher methods of analysis on naiural earthquakes.

6. Crustal Structure in Wakayama District
and Some Related Problems

The crusial siruciure in Wakayama Disirict as deduced from close
observaiions of local and near earihquakes and some laboraiory experi-
menis, is given in Fig. 11, assuming the crusi fo be of a horizontally
layered siruciure. This is consisieni with ihe siruciure in norithern Kinki
Disirici derived from ihe resulis of receni explosion seismic observa-
tions?® .

In the next place, the focal posiiions of local shocks are ploiied in a
norih-southern profile as shown in Fig. 12, to clarify the spatial disiribu-

iion of foci in relailon %o ihe ecrusial siruciure. The veriical and hori-

Vo Vs
I : )
4 km 4.3 km /sec, 2.4 km /sec sedimentary layer
| 4 .
t
\ 7km 5.5 km /sec, 3.2 km /sec granitic layer
| {
f
26 km . o :
l 15km  6.1km/sec, 3.5km/sec  basaltic layer
- Mohoroviéié discontinuity

8.0 km /sec, 4.5 km /sec ultrabasic layer

ng. 11. Crustal structure in Wakayama District.
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Fig. 12. Spatial distribution of local shocks and change of ground levels.

zonial scales are equally reduced. The respeciive foci were locaied assum-
ing the upper crusi io be of a uniform medium in place of the deduced
horizonial parallel layers. However, ihe errors resulied from ihe incorrec:
assympiion are found, .afier some calculation, o be negligibly small in
ithe epicenire’s location and less than 1km in the focal depth. General
view of ihe focal disiribuiion, therefore, may be not affecied. The open
circles show the foci deiermined by our observaiions in 1954, 1956 aad
1959, and the haiched circles indicaie the hypocenires esiimaied by.observa-
iions ai four siaiions of ihe Earthquake Research Isiituie in 1952, 1953
and 1954#%.  The formers ar¢ micro-earthquakes having ihe released energy
of 101°~10'* ergs, while the laiiers are considerably larger earihquakes.
A similar tendency is recognized beiween the siates of focal disiribuijon
for boith kinds of earthquakes. Ii is a remarkable faci that in norihern
pari of Wakayama region all of these earihquakes occurred in the graniiic
and sedimeniary layers. This contrasis sharply with the sub-crusial dis-
iribution of foci of local earthquakes in Kwanid Disiricit#?0

Ii is also noteworthy ihai the spatial disiribuiion of foci in Wakayama
region shows an inieresiing conceniration. Namely, the focal depihs are
shallowesi near Kainan Ciiy and deeper norihwards and souihwards. For
reference’s sake, ihe appearance of a crusial deformation during 1947~1954

indicaied by the resulis of precise level surveys®, which were carried out
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by the Earthquake Research Instiiute, is alse added in Fig. 12. Further
resulis obtained by 'the Insiitute show that no grea: change occurred in
the ground levels during 1955~1959%". Number of occurrence of local
shocks decreases gradually during the same period. In this region, the
crusial deformation may probably have some relaiion with the siaie of

focal disiribution of micro-earithquakes.

7. Summary

With a view to deduce the crusial siruciure in Wakayama Disirict,
close observaiion of local and near earihquakes was carried oui over the
area. Laboraiory experimenis on surface rocks were also made io get
reference daia on seismic velociiies. The resulis obiained are summarized
in the following.

(1) In local earthquake observaiions, the propagaiion velociiies of
the P- and S-waves in the surface and second layers and the first layer
thickness were esiimaied from a velociiy-focal depth relaiion  for many
shocks. The horizontal direciion of approach of iniiial wave observed ai
each siaiion, showed a fairly large deviaiion from the epiceniral orieniation
determined by a iravel-iime analysis.

(2) The elasiic wave velocities in many samples of bed rocks collecied
in this region, were measured by ulirasonic pulse iransmission. The
supersonic velociiies in the respeciive maierials were diverse and con-
siderably high, bui the appareni velociiy for all daia was caleulaied as
aboui 4.2km/sec.

(3) In the observaiion of near earthquakes, the seismic wave velociiies
in the third and fourih layers were deiermined by iime-disiance curves
and iripariite siaiions meihod. On the seismograms of near earihquakes,
several promineni phases were found ai ithe P~S inierval. These phases
could be identified as iransformed refraciion arrival PS, judging from
their constani time iniervals from the iniiial wave, iheir polarizaiion and
amplitude relaiion. The thickness of each layer was esiimaied by use of
the time iniervals.

(4) The crusial siruciure in Wakayama Disirist deduced from local

and near earthquake observaiions and laboraiory experimenis, is as follows :

Vo=43km/sec, Vs=2,4km/sec, hi= 4km for the sedimeniary layer,
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V,=5.5km/sec, Vs=3.2km/sec, hz= 7km for the granitic layer,

Vo=6.1km/sec, Vs=3.5km/sec, hs=15km for ihe basaliic layer,

V,=8.0km/sec, Vi=4.5km/sec, for ihe mantle surface.
The crusial depih o the Mohoroviéi¢ disconiinuiiy in ihis region was
esitimated io be aboui 26 km.

(5) The spaiial disiribuiion of foci of micro-earihquakes was invesii-

gaied in relaiion to the crusial siruciure. Generation of local shocks in
norihern Wakayama Disirici was found io be confined above ihe granitic

layer.

Acknowledgements

The wriier wishes o express his cordial thanks to Prof. E. Nishimura
for his kind guidance and w0 Prof. K. Sassa for his valuable advice. His
hearifeli graiiiude goes io Mr. M. Oisuka for helpful co-operaiion in ihe
preseni observaiion and many suggesiions ihroughout this siudy. The
writer’s ihanks are also due io Mr. S. Maisushima for his kind insiruc-
tions in laboratory experimenis. The auihor is greaily indebied io kind
help, during ihe observaiion, givea by Messrs. N. Sumiiomo, K. Mori,
M. Hashizume, K. Okunishi, K. Nishi and S. Ishizuka.

The cosi for ihe preseni observaiion was parily defrayed by a grani-

in -aid for sicentiific researches of the Minisiry of Educaiion.

References

1) A. Imamura, T. Kodaira and H. Imamura ; The earthquake swarms of Nagusa
and vicinity, Bull. Earthq. Res. Inst., 10 (1932), 636.

2) Earthq. Res. Inst. ; General report of research on earthquake swarms in Wakayama
District (in Japanese). 1955.

3) T. Mikumo ; Precise seismometric observations in the epicentral region of local
shocks, Mem. Coll. Sei., Kyoto Univ., A 28 (1956), 161.

4) H. J. Logie ; The wave velocity of seismic waves on the Witwatesrand, Bull.
Seism. Soc. Amer., 42 (1952), 239.

5) R. Yoshiyama ; The ratio of the velocity of P and S waves, Bull. Earthq. Res.
Inst., 35 (1957), 627.

6) A. Kamitsuki ; On local character of Poisson’s ratio in the Earth’s crast, Mem.
Coll. Sci., Kyoto Univ., A 29 (1959), 163. '

7) T. Utsu ; On deflection of initial motion of P-wave, (in Japanese), Quart. Journ.
Seism., 21 (1956), 13.

8) T. Matuzawa ; Examples of directional deviation of seismic initial motions (in
Japanese), Journ. Seism. Soc., Japan, 7 (1935), 1.



23

9) S. Kunitomi ; Some considerations on the direction of initial motion in Nishi-
Saitama Earthquake (in Japanese), Quart. Journ. Scism., 5 (1932), 223.

10) T. Yoshizawa ; Seismic prospecting at Shimotsu, read at the meeting of Soc.
Explor. Geophsys., Japan, April, 1955.

11) A. Kubotera ; Determination of elastic wave velocities in rocks by means of
ultrasonic impulse transmission, Journ. Phys. Earth, 1 (1954), 33.

12) P. L. Willmore, A. L. Hales and P. G. Gane ; A seismic investigation of crustal
structure in western Transvaal, Bull. Seism. Soc. Amer., 42 (1952), 53.

13) P. G. Gane, A. R. Atkins, J. P. F. Sellshop and P. Seligman ; Crustal structure
in the Transvaal, Bull. Seism. Soc. Amer., 46 (1956), 293.

14) S. Miyamura and M. Tsujiura ; Direction of approach and apparent velocity of
near earthquake initial motion (in Japanese), Bull. Earthq. Res. Inst., 37 (1959),
370.

15) T. Matuzawa, K. Hasegawa and S. Haeno ; On the forerunners of earthquake
motion of certain earthqake, Bull. Earthq. Res. Inst., 4 (1928) 85.

16) T. Matuzawa, K. Yamada and T. Suzuki ; On the forerunners of earthquake
motions, Bull. Earthq. Res. Inst., 7 (1929), 241.

17) Z. Kinoshita ; The arrangement of layers in the Earth’s crust as deduced from
seismometrical observations at Hongo, Tokyo, Bull. Earthq. Res. Inst., 15 (1937),
965.

18) K. [ida and H. Aoki ; Phases in preliminary tremors of seismograms and crustal
structure in Nagoya District (in Japanese), Journ. Seism. Soc. Japan, 12 (1959), 75.

19) D. N. Rustanovich ; Some problems of the investigation of the seismic activity of
the Ashkhabad region, Izv. Akad. Nauk, SSSR, ser. geofiz., (1957), 10.

20) S. S. Andrev ; A study of the plutonic structure of the Earth’s crust using PS
exchange waves recorded during earthquakes, Izv. Akad. Nauk, SSSR, ser. geofiz.,
(1957), 21.

21) H. Berckhemer und J. Oliver : Zur Deutung seismischer Einsitze mit Parallelen
Laufzeitkurven, Zeitschr. fiir Geophys., 21 (1955), 152.

22) M. Ewing, W. S. Jardetzky and F. Press ; Elastic Waves in Layered Media,
(1957), 83-89.

23) M. Muskat and M. W. Meres ; Reflection and transmission coefficients for plane
waves in elastic media, Geophys., 5 (1940), 115.

24) B. Gutenberg ; Energy ratio of reflected and refracted seismic waves, Bull. Seism.
Soc. Amer., 34 (1944), 85.

25) Y. Kishimoto ; Seismometric investigation of the Earth’s interior, Part 2, Mem.
Coll. Sci., Kyoto Univ., A 27 (1954), 243.

26) I. Tamaki ; The crustal stracture derivel from observed travel time curves of
shallow earthquakes, (in Japanese) Journ. Seism. Soc., Japan, 7 (1954), 1.

27) A.Kamitsuki ; On the seimic waves reflected at the Moborovi¢i¢ discontinuity (I),
Mem. Coll. Sci., Kyoto Univ., A 28 (1956), 143.

28) The Research Group for Explosion Seismology ; Miboro explosion seismic observa-
tions, read at the meeting of Seism. Soc., Japan, May, 1960.

29) S. Miyamura ; On seismic activities in Kii-Peninsula, read at the meeting of

Seism. Soc., Japan, Oct. 1959.

30) T. Asada ; Observations of near-by microearthquakes with ultra sensitive seis-
mometers, Journ. Phys. Earth, 5 (1957), 83.

31) S. Miyamura and A. Okada; Results of leveling resurvey between Wakayama and
Gobd, Wakayama Prefecture, Bull. Earthq. Res. Inst., 38 (1960), 355.



24

:

e mmmd ,
mwm ";mmm ey

- N AR ey 1 uwn LT e u~>m~yw'rﬂ¢yﬁn?ﬁw 4
MR “ AN o g YO 1 4% AT My b LYot o
mmﬁmm Mﬁq'tﬂvmé‘»lt, ana.noura P

Tt 1
D IR R 100 b6 O B0 Y

e emsore AT Y o

/ U
p T oo
" ; o
v Jakanoura L
(a)
—
-~ A ” pure o
N, e oy A ViRt e ...._TA: A
vy P ¥ A4 » > "
=3 7 4;«# } Wt Wm/ ONAL s AT
Tt - y * N 4
—~ ¥ AN -
T 0 ™Y * WAAAAN AP NAS AN
i 3
: M
x| " ! Shimotsu 2

' '
1

Yoy M_}"‘

ML AT ot VLA

A g 4 oy
N“&'%WWVWFNMM"AWA i \I.\. s \’VM‘J‘\V
A y Vi M

~n

BT VITIRY ISR PO S
f VYWWM= X —
Ri® T VAV
= = v 1 )
' X2 Shimotsu =22
(b)
"'N: " ,‘ iy YU' v ij - . oeirantr Y
e, A M»WMWMNVMMW VL DN
g A L 7 "». T
. . SR Idakiso
mx2}~':~" R oy S - e 1 - ‘ . _‘_H P

(e)



25

v Nl
N

-mm W‘WWM

: - Vf [] v T 11y
wmwwwmw ,,ur i I
> peyel —— - po Noke;u'i“""

N AT m""mv mwﬁ' RANESRAN A

1
L "
1) 1‘ L{l'IE U'Y -

1t T t‘ T—]TL‘
- Nokaml e
v YL, Aol o=p

(d
Fig. 13 (A). Examples of seismograms in a near earthquake. (No. 369.
Aug. 31, 1959, 12h 42 m), original x8/10. (a) Wakanoura, (b) Shimotsu,
(¢) [dakiso, (d) Nokami.

L A A A

S PPPPPPPRPEPEPPPPPPPPIIIIY

Fig. 13 (B). Ar example of cathod-ray oscillogram obtained

in the case of ultrasonic transmission measurement.



Annexed Table. Observed data

of seismometric observations in Wakayama District.

No.| Date |Time W I(Ly) F N K Y s Km ‘ Ko Ko/ . D Sa Ro ‘ Re Ly Ni Kh Ka T M Yu
o P imfp~s | P [im[P~s| P [tM|P~s| P [tm|P~s| P fimlp~s| P [iM[p~s| P [tm[p~s | P JtM[p~s| P [iM[P~s| P |im[P~S| P [iM[P~S| P |Ln[P~s| P imfp~s| P [im]p~s| P [tm]p~s| P [im[p~s| P [cm[p~s| P [tM[P~s| P [imM[p~s| P |tm[P~s| P |LM[P~S
1954 |h m
121| Nov. 29, 16 11 28.57| + | 3.83 28.02 — | 3.56 27.40 — | 3.02 28.14| + | 3.61 28.46| + | 1.20
122 29I‘ 16 15 34,63 + |1.22 35.21) — | 1.81 35.1 [(=)[ 1.78 34,100 + | 0.9 | 34.20 = 34.26| — | 1,03
123‘ 29‘ 16 23 45.59 + | 0.93 46,14 — | 1.15 46.6 | + | 1.62 45.66((+)| 0.94 | 45.84) —
124 30, 09 21 56.88] — | 1.00 | 57.47) = | 1.65 57.98| + | 2.46 57.35| — | 1.55
135‘ Dec. 1] 09 00 08.94 — | 1.4 09.37 — | 2.02 08.19| + | 1.18 08.03 — 07.09 + | 0.93 | 08.27] + | 1.0 o
136 1 10 12 19.95 + | 1.90 20.35 — | 2.17 18.59) + | 0.92 19.4 | — [1.48(18.98] — | 1.05 19.33/(+)| 1.52
-137 1| 10 15 10,59 — 1113+ 12.16| + 11.18| + 11.32| + 11,25/ — 10.77 — . 12.86| — | 2.36
140 1 11 18 44,64 + | 0.6 46.31) — | 1.84 45.32| — | 1.02 | 45.43 — 11.36| + | 1.25 | 45.40(=)| 1.25 | 44.93| + | 0.78 |
151 2| 10 34 4857 + | 0.81 49.13( — | 1.01 49.56/(+)| 1.75 48.58 + | 0.76 | 48.82) — | 1.13 | 45.53 — | 1.20 | 48.86 + | 0.94 | 48.50 + | 0.9
1956 _
201| Apr. 13| 16 13, 08.16 + |(4.4) 07.48 + | 3.78 |-07.09| + | 3.60 | 06.65| + | 3.27 07.26 + | 4.00 06.78 + | 3.12 | 05,43 + | 2.68 07.20(=)/3.94
202 14| 13 38 40.65 + | 1.45 | 40.04 + 41.02/(+) 40.18/(-)| 1.36 39.83 — | 1.05 | 39.86| — | 1.12 39.84/(+)| 1.25 | 41.83 — | 2.12 | 30.70) — [1.25 | 40.06| — 1,32
206 15| 16 03| 31.7 | — 32,52 — 31,92 — 31.63 — 30.82| — 31,37 - 31,38 — | 2.00 30.56| — 32,01 — 3150 — | | 31,79 — | 2.06 | 32.62| = | 2.92 | 30.38] — | 1.45 | 31.20/(+)| 2.03
207 16| 13 28| 49.59| + | 0.84 | 50.00| + | 1.0 50.18 — [ 1.34 [49.41| + | 0,79 | 49,79 — | 1.1 49.26| + | 0.68 | 49.27) + ‘
217 19| 09 25| 04.04| + 04.72 + |1.26 | 04.32 + | 1.04 | 05.33] + | 1.68 | 04.84) — | 1.18 | 04.80] + | 1.32 04.32) + | 0.98 | 04.37 + 06.37 — | 1.87 | 04.01] + 04.78 — | 1.16 | 05.48| + | 1.74
220 19 14 47| 55.66| — | 1.10 | 55.13 + | 0.80 | 55.37 + | 0.92 | 55.76| + | 1.18 | 55.82 + 56.09 + | 1.20 57.89 +
222 19| 18 25| 37.33| + 38.16| + | 2.26 | 37.54|(+)| 1.64 | 38.33 + | 2.10 | 37.11| + | 1.66 | 36.24| + | 1.17 36.83 + | 1.47
223 19 19 07| 29.04] + 1.05|29.6 | + | 1.23 | 29.22 — | 0.98 | 30,10 + [ 1.77 29.08) + | 1.11 28.75 + | 1.00
9224 20/ 09 50 41,30 + | 0.87 | 41.66] + | 1.13 | 41.21| — | 0.94 | 42.24] + | 1.67 4119 —
228 20 15 33( 23.58| + | 0.91°| 24.46 + | 1.30 | 24.02) + | 1.14 | 25.04 + | 1.90 | 24.49| + | 1.36 | 24.46) + | 1.34 24.01] + |1.21
230 20) 17 52 06.91 + | 0.53 | 07.25| — | 1.12 | 06.91 — | 0.66 | 07.88 + | 1.26 | 07.30| + | 0.98 | 07.44] + 07.05/(+)| -
236 21| 16 33| 26.20| + 27,01 + |2.17 | 26.35 + | 1.67 | 26.80| — | 1.66 | 25.90/(—) 25.02 + | 1.27 25.69) + [1.61 | 25.72 + | 1.60 26.99] — 26.03 — 26.15 +
247 22| 12 44| 56.75| + 56.89 + | 4.45 | 56.49| + 56.28 + 55.70| + | 3.69 | 55. | + | 3.51 55.99| + | 3.80 | 55.99 + 55.41| + 54.19] + | 2.80 54.99 + | 3.38 | 53.97 + | 2.5
248 22| 15 51| 20.76| + | 0.87 | 21.75| — | 1.33 | 21.32| — | 0.93 | 21.5 | + | 1.80 | 21.65| — | 1.32 | 21.72| + | 1.28 21.43 — | 1.07 '
249 22[ 16 14{ 01.08 + | 1.16 | 01.42 — | 0.92 | 0112 + [ 1.19 | 01.90 + | 1.57| 01.30| + | 1.31
250 22| 17 03| 21.40| + 122,08 — | 1.19 | 21.46|(+)| 0.77 | 22.29) + | 1.61 | 21.45 — | 0,79 20.89| + 20.90 + | 0.64 22.34/(+)| 1.62 21.58/(—)
251 22| 17 11 53.75| + 54.43 + | 1.11 | 53.74) + | 0.80 | 54.50 + | 1.47 53.21| + | 0.74 | 53.23 + )
253 22| 17 40| 39.32| + | 1.30 | 39.83 + | 1.25 40.22| + 39.93 + [ 1.72 | 40.5 | + 39.78 + | 1.47 | 39.76 + {40.28 + | 1.81
1959 P ; -commencement time of initial P-wave
314) Aug. 17| 11 43| 34.47| + | 0.92°| 35.51| + | 1.59 36.25( — | 2.09 36. | +[1.59 P~S ; P~S interval
315 17| 11 58| 20.12| — | 1.21 | 21. 1.57 21,39 — | 2.13 21, | + | 2.06 + 5 “push” in the direction of initial motion
320 18 13 17 10.91) — | 0.97 | 11.80 — | 1.58 12.50 — | 2.21 12. | —|1.9 - wll” 7 7
326 20( 12 38/ 00.57| — | 0.95 | 01.46 + | 1.38 02,13 + | 1.92 02. | —|1.69 The data obtained in the stations of the Earthquake Rescarch
333 21|14 18] 18.68) — | 1.68 | 19.44/ — | 2.33 19.32|(+)| 2.53 l 18, |+ |1.15 Institate ; Ko, Ko, D, Sa, Ry Re Ly N, Kh. Ka, T, M,
. . . Yu, were furnished by the courtesy of the Institute.
335 21| 16 03] 19.09 — | 0.99 | 20.05/(=)| 1.73 20.43) — | 2.16 ; 19. | +|1.20
353 25| 15 47| 24.85 + | 1.04 | 25.74| + | 1.85 26.44 — | 2.32 : 25. | — | 1.34
359 28] 12 22| 19.35|(+)| 0.92 | 20.28) + | 1.68 20.43) — | 2.02 l 18. | —|0.87
360 29| 09 45( 34,20 — | 1.28 | 35.04/(—)| 1.82 35.31| — | 2.05 ‘ 33.93| — | 1.04
{
1956 |
240; Apr. 21| 19 26| 46.63) + | 11.64/ 46.10] + | 11.27 46,60 + | 1160 47.18 + | 11.87] 48.02| + | 12.63
244 22| 11 30| 27.25| — | 10.28! 26.85| — | 10.43| 26.79 26.03( — | 9.39 26.18| — | 9,47
254 23 19 26| 00.57] + | 11.37| 01.70| + | 12.05 01,69 + | 12.06| 00,70 - | 11.44) 59.66| — | 10.64
1959
304 Aug. 12| 16 36| 47.84) + | 7.46 46.42| + | 6.26 46.68| + | 5.82
321 18| 14 14| 04,91 — 04.72| — | 25,29 03.62| — | 23.45
332 21| 13 13) 28.24, + | 6.86{ 28.02) + | 6.92 27.57| + | 6.10 : 27, | + | 6.34
348 25/ 09 12| 38.40 + | 50,20| 39.10 + | 50.72 39.00| + | 50.63 j 37.47| + | 49.49
369 31| 12 42| 27.52 + | 12.00] 28.40 + | 12.67 28.23 + |12.5 ' 28, | + |12.47
37 31| 15 00| 82.2 | — | 19.55] 31.18| — | 20.08 31.31) — | 20.28 33.35 — | 21.43
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