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Seismicity and Some Relafed Problems Tn ‘a,_nd Near The Japaneéé Islands
Mamoru Katsumata

(The Seismélog;'cal Section, J. M. A

*Introduction.

" It is the most fundamental subject in selsmology to 1nvest1gate spatlal dlStrlbllthl’l of
earthquakes and characterlstms of their activities. It also gives us informations about the
tgctomc processes in the crust and mantle and related geophysical phenomena. In this paper,
‘the ‘seismic activities in and near the Japanese Islands are studied based on the data which

~are mainly obtained from the publications of the Japan Met'éorological Agency (JMA), but
supplemented by the author himself in many parts. Also, the spatial distribution of earth-
quakes, regional characteristics of seismic activities and relation with major geologic .and
tectonic features are discussed. Characteristics of anomalous structure of the region which
appear as a relatively high seismic act1v1ty are studeied from the viewpoint of their effects
on the transmission of seismic waves.

II. Accuracy and precision of hypocenter locations.

It is meanmgless to -discuss the Sspatial dlstrlbutlon of hypocenters and their relations ..
with other geophysical penomena in ditail beyond the resolvability in ‘the locations of hypo-
centers. -So that, first of all the accuracy and- precision of seismological data and their
variations in space and time are discussed. The seismological data published by -JMA has
‘been increased remarkably during the last two decades in quahty'and quantity. The acuracy
and precision of hypocenter parameters of many earthquakes ‘after 1951 which are mainly
used in this paper are estimated to be less than one-tenth of degree in the latitude and
longitude and -less than about 20km in depth. Therfore, for the purpose of the kind of
discussion made in this paper, the use of above-mentioned data may- be considered to be
reasonable and justified. - : ’
II. Magnitude determination. .

Though Tsuboi’s method has been mainly used to determine magitude of near earthquakes
from the data obtained by" the seismograph observatlon in Japan, only magnitude of shallow
events whose focal depth are ‘shallower than 60km are determined by his method. Magnitude-

" of earthquakes deeper than 60km are not reported in ** The :Seismological Bulletin of JMA "7,
since -there is no established method to' determine magnituﬁe of deep events in the Japanese
region. Because of this,bmost previous studies on seismicity in -the Japanese region. deal
‘with only shallow events or do not consider magnitude of deep shocks. Not only activities
of shallow earthquakes but also those of intemediaté-depth.and deep events, however, are
remarkably high in and near the "Japanese Islands. So that, without .data -of mtermedlate-

. depth and deep shocks, it is difficult to understand the selsmlaty in this region ch.arly The
author has proposed a method to deterinine magnitude of intermediate-depth and deep earth-
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quakes and actual]y' has determined magnitude- of all events deeper than 60 km, and used the
resultant data in this study. = R ,

JMA magnitude of shallow earthquakes based on Tsuboi’s formula and those of inter-
mediate- depth and ‘deep events based on the author’s method are the same. kind of magnitude
which coresponds to Gutenberg-Richter's surface wave magnitude, and denoted by M, while
the magnitudes determined by the U.S. Coast and Geodetic Survey are body wave magnitudé,
and denoted by m. The relation between these two kinds of magnitude is obtained as follow &

- m=0.5+0.85M -

In the discussion of selsmxcntcxty, if adequate consideration is not paid on the limit of
detection’ ability of the seismograph network, espec1a11y on their regionol differences, the
result may have distorted and may not express true seismicities of .regions conccerned. The
detection ability of the seismograph network of JMA, which is defined as the minimum mag-
nitude beyond which hypocenter parameters of all events are determined, is 6.0 for the’
earthqukes within 200 km from the coastlines of the Japanese Islands. It is very cfif’ﬁcult;
however,- to study seismicity in detail using only the data of earthqukes of. magnifude grater
than 6 because of scarcity of data. So that, an effort was made to supplement more data
by reinves,figating as many earthquakes as possible from the.original readings. As a result,
the author succeeds to extend the limit of the minimum magnitude to 54. With added data
of a large number of magnitude for small- ea'r‘thquakes, it is also possible to deal with events
of magnitude greater than 4% in the inland and adjacent areas-of the Kanto and Kinki- sttrlcts
and to discuss regional characteristics of occurence of earthquakes. :
IV. Seismic activities in and near the Japanese Islands.

Spatial distribution of deep:earthquakes in and near the ]apanese Islands consist of two

zones, the one extends from Mariana to Honshu across Kinki .District and adjacent areas and

thence to the Sea of Japan, and the other starts at the west coast of the Sea of Japan and
extends to the Sea of Okhotsk. These two deep earthquake zones are generally considered to
cosist of one continuous system, but there is discontinuity of the distribution of earthquakes

. in the area where the both systems. join ‘together. As for the distribution of inermediate-

depth events, it is possible to trace as one continuous zone from Mariana through Bonin,
Honshu (north of Chubu District), Hokkaido, Kurile to the south Kamchatkd. In Kyushu and
Ryukyu regions, another system of intermediate-depth earthquake zone ‘is found. The East
Japan and West Japan -Volcanic Belt run parallel ‘to the above-mentioned two systems of
intermediate-depth earthuake zones, respectively. Shallow earthquakes are widely distributed
in and near the Japanese Islands, but there are distinct difference in the patterns of distribu-
tion of epicenter between the north-east and south-west Japan. In thé north-east Japan,
seismic activities in the upper-most mantle are high and confined to the ‘Pacific-coast side of
north of the Kanto District, showing clear zonal distribution. While the south-west Japan,
exhibits minor activity. seismic activities in the crust are distributed in the whole Japan,

but not so high as in the upper-most mantle. Seismic activities generally show remarkble

clustermg tendencies, and there can be seen several socolled ‘‘nest of earthquakes'. It is
worthwhile to notice, however, that most earthquakes of great magmtudes do not occur near‘
center of the nest but occur near the boundary of the nest.

In the Japanese area (bounded by latitudes 28°N and 48° N and by longltudes 128°E and
150°E) 16 to 17 eathquakes of magmtue greater than 6 (mcludmg 11 to 12 shallow shocks) -
occur in the mean annual number. The energy released by these events is roughly estimated
3><1023 erg per year (calculated from the Gutenberg formula: logE 11.8+1.5M), including .

© 2% 1028 erg of shallow socks. The ratio of the seismic activity in the Japanese area to that

of the whole world is about 6% in frequénéy and about 10% in enrgy. This shows the fact
that . the Japanese area 1s one of the most seismically active regions in the wor]d and also -
shows the -occurrence of earthquakes of great magnitudes in thxs region is more predominant

than the mean of the world.

In the Japanese area, seismic activities are the highest in the ‘upper-most mantle (depth

from 30 to 70km) and most of great events occur in-this depth. The ratio of intermediate-

depth activity to total- earthquakes is slightly low. Activity of deep events is generally high,
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and number of- earthquakes with depth between 300 to 350km are especially great.

V. Earthquake frequencies versus magnitude. -

The earthquake frequencies versus magnitude for a certain region are approximately expressed
by n(M)dM=Const.X 10-*¥dM where n is earthquake frequency and & is a parameter. The

constancy of 4 has been the sﬁhject of considerable debate. 'I‘_here are many studies where._

b values are considered as variable quantities depending on the tectonic structure of regions
concerned or depths of earthquake occurrences. On the other hand, there are studies which
claims that & value should be invariable. There remains many questions in the selection of
time and space in the determination of » value, and in the method of data processing. Making
use of expounded data newly added by himself, the author select several earthquake nests
as unit eartquake province for determination of & values; and compared the resulting values
to one another. -The & values of most areas are approximately 0.8 to 1.0. There can be
seen no significant ‘differences among regions and depthes. This result suggests that b values
do not vary so markedly and take the values 0.9+0.1. ‘ )

The parameter ¢ of the Ishimoto-lida formula n(A)dA= Const.A-¢dA is considered equiv-
alent with & by the relation'b=c—1. The b value, however, are obtaind as mean values of
regions  concerned, whilé ¢ value are influenced by local conditions of observation pomt
Therefore, it may be dangerous to consider the difference of ¢ values as that of charactenstlcs
of magnitude frequency relations on ocurrence of earthquakes. . :
VI. R@atwnsth, of the spatial distribution of earthquakes to the tectonics.

The Japanese Islands exhibits many of the features normally associated with the arcuate

structures of the Pacific. These include such as systematic parallel distribution of deep sea
trenches, shallow earthquake zones, negative gravity anomaly, chain of active volcanos,

positive ‘gravity anomaly and intermediate-depth and deep earthquake zones.. In the vertical

sections perpendicular to the island arcs, hypoc‘enfers of earthquakes are confiiled to a zone
of 50 to 100km thick. The dips of focal zones are 30° to 60°, and variate from place to place.
Depth of seismically active zones and relations of locations with parallel distribution of other
, geophysmal phenomiena change from one island arc to another, The  configurations of focal
- surface are distorted regionally, but can be regarded approx;matelly a straight, These dimen-
sional patterns of spatial distribution of earthquakes around the- island arcs, and their focal
mechanisms do not contradict with concept, of ‘‘the new global tectonics’ or ‘‘the plate
_tectonics’! based on the hypothesis of sea-floor spreading. - . .

VII. Spatial distribution of earthquakes and anomalies assocz’ated with transmission bf seismic

waves. - :

Hypocenters of earthquakes do not show uniform spatial distributions, but show clustermg ’

distribution. . Especially, occurrence of deep earthquakes are confined in very limited areas.
Though detailed mechanisms of occurrence of earthquakes and law governing those charac-
teristic distribution are unknown, the above- mentioned fact can be considered the mamfestatlon
of non- unlformltles of not only crustal structure but also inner structure of mantle up to 600km
or 700km. It suggests that there exists difference in substances or states in mediums’ be-
tween both regions with and without earthquake occurrence. In order to detect the above-
mentioned difference, velocities and attenuation parameters of seismic waves transmississing

both regions are compared. As a result, it is found that seismic waves in seismically active

regions travel with greater velocities (5 to 7% greater than that through other regions,

especially clear in case of S waves) and with less attenuation (especially remarkable in case

of high-frequency waves). Based on these facts, differences in the north-east and south-west
Japan on travel times, amplitudes of seismic waves, patterns of seismograms and phenomena
concerning anomorous intensity areas can be explained-reasonably. These‘facts also are
compatible with the hypothesvthaf the lithosheres of relatively low: temperature and of
greater dencity and rigidity go down beneath the underneath of island arc.
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Fig. 1 Dévelopmént of JMA seismological obser-
vation.
- aj; Numbers of selsmopraph station.
_ b, ¢c; Numbers of seismograph (1,2 and 3 refer
types of seismograph in the captions of Fig. 2).

i

Perlod

Flg 2 Response curves for main selsmographs
- ‘used in JMA network.
1; Electromagnetic seismograph with’ optlcal
recorder. - 2; Electromagnetic seismograph
with visible recorder. 3; Wiechert seismo-‘
graph. - 4; Strong motion seismograph. = -
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1957 July 22°| 19 16 37 14.4 136.3 350 | 16 36.0 0.1 3437 2 136 07 2 360 32| 10| %7
1957 Nov. 11| 04 20 05 34.3 139.35 020077 013418 213920 2 5 2| 2 5| *5
 m%smn2 0029 34 37.9 134.8 400—450 | 29.34.6 0.4 37 55 3 134 33 3 400 281 —25| *7
1960 Mar. 20 | 22 36.49 30.85 143.35 = '0—10 | 36 48.7 0.6 3952 2 143 33 3 20 22| 15

1960 July 30 | 02 31 38 40.2 142.6 30 (/31382 0.84010 2 14237 6 40. 41 10| *
1960 Oct. 9 | 18 00 38 40.8 141.35 100 | 00 39.8 0.4 40 46 2 141 29 4 60 15{ —40 | *6
1960 Dec. 7|12 40 19 36.5 .140.6 50 |'40°17.3 0.6 3628 214045 4 60 | 7 10| *6
' 1960 Dec. 26 10 44 46 34.2 136.2- 60 || 44 45.0 0 23402 113614 1 60. |19 0| %

Dev1at1on of epicenter location (‘/4(;,2_1.4112 ) d; Difference of focal depth (relocated JMA)

*1 Kawasumi. Yoshiyama (1934)
Met. Obs. (1956) - *5; JMA et al. (1958)

*2; Tomatsu (1952)
*6; JMA (1963) -

*3; Usami (1956)
*7; Author

*4; Sendai District

6 )



Fig. 3 Geographic diétribution of efrors in location of epicenter and origin time 'detérmined by JMA. .
a; Numbers of earthquake of magnitude 44 and greater which occured in each section 1° (lat.)
by 1° (long.). b; Mean ‘values of standard error in latitude (d¢); longitude (42) and origin time =~

(4t) for each section.
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700 | 3.854 | 6.473| —2.460, 3.308 —1.413
800 | 4.055 | 3.948 —1.287] 1.459 —0.519
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Table. 4 K values for the equatlon (3.3):

Ham—22™ | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1200 | 1400
25¢ | .2.63 3,16 | 3.46 | 3.68| 3.84| 3.98| 4.09| 4.19| 4.29| 4.36| 4.55 | 4.62
50 2.58| 3:14| 3.407 '3.69 | 3.90 | ‘4.08 | 4.23 | 4.20| 441 | 4.54| 4.68| 4.83
100 2,65 '3.19| 3.38| 3.73.| 3.99| 4.18| 4.38| 4.41 | 4.55| 4.74 4.83 | 5.04
150 2.85| 3.31| 3.43| 3.77 | 4.01| 4.18| 4.40 4.45| 4.58| 4.76 | 4.85| 5.07 .

. 200 3117 3.47 | 3.54| 3.83| 401 415 4.35| 4.43| 4.53 | 4.78 ) 4.79| 4.98

250 - 3.39 | 3.64 3.681 .3.89|.4.01| 4.10| 4.27| 4.38| 4.44| 4.56| 4.70 | 4.85
300 | 3.67| 3.80 | 3.85| 3.97| 4.03| 4.08| 4.21| 4.33| 4.36| 4.44| 4.61| 4.71
350 13.90| 3.95| 4.02| 4.07| 4.07| 410 | 4.18| 429 | 4.31| 4.36| 4.55| 4.60
400 T4.09 | 4.08| 4.17 | 4.19| 4.16| 4.18 | 4.21| 4.36| 4.30 | 433 | 4.53 | 4.55 .
450 4.22 | 4.20| 430 | 4.32|.4.29| 4.30| 4.29| 4.27| 4.35| 4.37| 4.56| 4.57
500 430 | 4.34| 4.39 | 4.48| 4.46 | 4.45| 4.41 | 4.31 | 4.44 | 4.47 | 4.64| 4.65..
550 4.35| 4.51 | 4.44| 4.65| 4.66 | 4.61 | 4.54 4.38| 4.57 | .4.61| 4.74| 4.78
600 4.41 | 4.77 | 4.42 | 4.84|.4.87| 4.74 4.64| 4.46°| 4.72| 4.77 | 4.83 | 4.93
*; De_termined by the equation (3.1).
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Fig. 9 Comparlson of magmtudes determmed by Gutenberg- Rlchter (Mgr) and those by the author

N (Mgar) for intermediate-depth and deep shocks.
a: Relation between depth and (Mgxar-Mar).
Open c1rc1es denote intermediate- depth solid circles, deep. .

b: Mxar and Mqr.
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a: MTJMA and mggs for shallow _earthquakes.
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" Table 5. Comparison of AIJMA, AMKAT and mc‘cvs\ :
MO | a1 4z 43 44 45 46 47 48 49 5.0 5.1
m 4.21  4.25 43344w 4.36  4.44 445 458 465 4.73  4.89
C et 0 2..7 ......................... —
M L 52 53 54 55 56 57 58 59 60 61 6.2
7 494 513 515 526 - 528 541 549 551 554 569 580
c ..... 0.3 .- ....... > e [ U

m ; Mean values of mcas to each M. .

¢y (Myxa, Mrar)— (mces), determlned by the equatlon (3.7).
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Fig. 21 Magnitude-frequency relation.
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mlated annual numbers of shock; W, whole world. -
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Fig. 22 Percentage of number of events. and
amoéunt of energy release for various depths.
. E indicates amount of energy release; N, J-1
and J-2 samé as Fig. 21.
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Fig. 31 Seismic activity in the Domain B.
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Fig. 32 Magnitude-frequency relations for earth-
quakes in the Domain B ‘and B’.
Open circles indicate Domain B; solid circles,
B. - .
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Fig. 33 Seimic activity in the Domain C.
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Fig. 34 Magnitude:frequency. relations for ‘earth-

quakes in the Domain C and C'.

Open circles indicate Domain C; solid circles,
C’. These events occurred during the 20 year
period. 1945 to 1964. :
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Fig. 35 Magnitude frequency relations for earth-
quakes in the Domain C. .
Open circles indicate Domain C. These events
occurred during the 39 year period 1930 to 1968.
Solid circles indicate frequency except cluste-
ring earthquakes near Wakayama (see Fig.
36-a). '
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‘M 8.1 jto\C b=(0.74) & 7.5, Fig. 36-b Tk
: }btb (0.92) & Fig. 35 (BI) »LRDIb= (0 74)
LT, WOWS M OFEsAE HELT v 5 25,
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BB LRED LRV (BEESSEETTYREL

TED. ,
Wit o X 5z, Fig. 34 oFE@giy,
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B NEHIEE (M 4§~58) 72HC DU T b=0. 94
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FCL7o X 5 R S 5 O THRIL L,

Fig. 36 Earthquakes near Wakayama and their
magnitude- frequency relation. ]
a: The area surrounded by dotted lines mdl-
cates the.area of clustering earthquakes near
Wakayama; small solid .circles, M=3.5~3.9;
small open circles, M=4,0~4.4; large open -
circles, M=4.5~4.9; large solid circles, M=5. 0
~ and’ greater

HhE Mhﬂéuiw%onﬁt ﬂgSGLT?ka,
M5 P LOWENEERLIESX DTS & 55
ZEpTE, S 18, Ms; 4.95, Mm; 7.4iconT
5=0.9120.02 (0.85) '
LB, . : .
—zwﬁgﬁ‘sm:m\ D’ b (75kmx 160km=1.2
xmwmn,aéO~NMn®ﬁ@%a@@waaS ‘
54, Ms; 4.95, Mm; 7.4 {©oT '
b=0.84+0.03 (0 82)
Lieh.) : :
AL B, CL D, 04 DORO b% it % & Table
TRRT X5k, A, B0 b &, D/iiob &
O, FE (1967 ¢) ORE L REERI LU
hﬁ?%%~%/k&hmﬁi Wi B (CHbAET
Fig. 35 75
BoNSEE LD EFTIERBRRC L2800 2 ). 1A
(1960), i (19672) 1F, FEEAARDOHELZES O~
30km, 40~60km X iC40t b 2L, T DERRD
Twb, WRT~~v b EHOmEEEL 75, A,
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-Fig. 37 Seismic activity in the Domain D.
Open circles indicate seismograph station (O;
Oita, -S; Shimizu, M; Miyazaki); solid circles,

earthquakes of magnitude 6% and greater (1926- -
1964). Other symbols and discription same as.

Fig. 29.

Table 7. Comparison of & valués: for each

domain.
Domain Depth - b
A’ - |7 30-70km | 0.98+0.02 (1.05) -
B/ ©80-90km | 0.94+0.02 (1.01)
¢ | 0-30km | 0.94£0.02 ¥
D/ 0-30km | 0.84::0.03 (0.82)

( ); Détermined by the equation (5. 3).
*; b Value for magnitude'range 43-53%,

EBBOLNEES. WFRIC LATEE ORI KA
RO BV, BT (1962) 13 BAFHEOHBR O
WETIE—R b=0.7 , BT CTIHb6=0.92 (£

Fig’.'38; Magnitude-frequency relations for earth-
- quakes in the Domain D and D’.

Open circles indicate Domain D; solid circles,

D’. S :

HURIC DU T 0.59~0.92 #48-T\5), Karnik (1964)

M= w g oSHERICOWT, HIAR LI O E T b=

0.9, HEBTETIE =0.5~0.8, % O FTix b=0.35
& RICXVPEVIBET B EBRTWS, LrL,
FEOWETIIFO X 5 EKIBERZINTRD Sh Tk
V. Thobb, BER, MBI, HERXOKNEEL. D
WESDLAT, bIEE 0.8~1. 1 EEOHEN TLH»
ZHELTwiny (RE, XUMWEEZERL). bt
e, BESHCLZ25D0EDHDLLERENEET D

CLERHELRWELTD, ELOFITRLAX ST O

TN OOMEZPBRICKIRL T, RELEMLTHETIE
SRPARY &N -

4 BERIOEEOEENTHL b

LB I HT 2 HEBORARE (A OB
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Fig. 39 Amplitude-frequency relation for each station.
N indicates accumulated number of éarthquakes (S-P time less than -20sec).
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B (M -8k - Jeh(1950), $hk (1953)). RSk
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b BRDBH T LR IIGERELOT, RIGORES

5. T BRMHDD LT b=c=1 THGE S 5.
h, (6.1) FK&-(6:3) RLBFAEOE, A - 1R TH

D kR, ¥4 A3 /T{@ﬁﬁ%%m?é &

Y 2%

BETO %%J?J&f:i’@ﬁmj:ﬁiﬁféﬁiﬁﬂﬁﬁ 2w e -

log. N(A)~log A DOBIfR%Z~I-L Fig: 390 X-5icis
% ChBi: 1961~1963 £ DM, Wiechert:ztity
- BRhiciEH S e, S—PIR20 sec ITOHED, 7k
PR BARIRIEOBE S 2T Liob DT hb 5%,
Fhbic
T owing (BR (1966a)),

A CHHA (1939). 1%, 1935~19384 o e HR—
I CEARWEE (Tos Lsec, Vi-370) iiihkish
TTERPE c=1.74 LRDTWHR,
DL E ST —F LT W 5. &H (1957 b):
m.%ﬁgwmﬁﬁfaazshﬁﬁﬁmﬁﬁ®@%¢
HEICBIT c=1.9-L3kp TV 52, Tfﬁl‘—m'l@ c=1.8, =F
HED ¢=2.0 FHILNIDEVEE - ThB, TOE
By, BRDOALTE 5 TRO BN TWHHEEE, Table
S OEERIEET S, WRE LEORES, (A
L7AERT OB, B ORISR E L IR LTV B,
TE2rb b, ciEULIEE R - Tw 5.,

g (1959, 11,
—figic 118£0.2 BMET, L BILBEOHFAT—ET
H%ELT%. Table 8I5R L7z, B/NEFEICL D
SRpic DIEDERIRG, WLMOMEOFEELZH B
PETBEL LN, —RICE TRl Y. K (1958). OFf
TISL L, FREHS 10002 TH, BAITED,

0.3BERL 5T L NS5 LIMANTS, Table: 8 T

Table 8 OHFT-

- (5.5 —t%zﬁ)ﬂbfc%_kbbék Table: 8@.‘

SEHOMEBEIZDOWTIIFEL, cif .

VTR EEROKIE, 27 SOMAERE TS LI X7

WA, €1 2.00. 2 BEOHBFAN L Ko T W 5, Lo
* Fig. 39 BRMAE THLINTVEDT
log N(A)=const.—(c—1)log'A" (6.5) 5.
¥R Ly BRI 19644510 ~654E.7 B, iliiL19644 1 B
- ~654E 7 B Offific, EHERERMEITCITES TN
ZHWTWS, oL

. ORENT—H LTV

R E

235, Table 8 DEERE DA (1959) OREFRICTL T

FEFENE VL XS,

Mz —fgic < O7b>®ﬁﬁtﬂ‘]fﬁ0):|:ﬂ‘32: LTk D Hh
5. COBKT LIS BHBMOTHNAEHE VXL S,
BIEICR L 4 R0 b &, TR Eho KN OB
O(e-DOFEC— DT %2 5L, Table 81T
FTESRARD, &HuRo b 2 c—1ei, +0.1 BE
LD L, BIRRITERB Z
DD, B DHIRAOEIED Bk B ¢ ORITR]
DR, A L0 0RETTREEEEEE AL

Table 8. Comparison of & and ¢—1 for each'

domain.
Domain St'étion e c=1 b
| Kushiro 1.76+0.01 _
A Urakawa 1.78+0.02 | 0.90 | 0.89
-| Hachinohe 2.15+0. 05 '
"Utsunomiya ' 2:03+0.02 s
' B Kakioka 1.80:0.01 | 0.86 | 0.94
| Tokyo. 1.74+0.01
. Sumoto 2.20x0.02| |
C Wakayama .2.07+0.02 | 1.05 | 0.95%
Murotomisaki | 1.88=%0. 02
Oita | 1.76%0. 02
D | Shimizu 12.01:+0.04 | 0.85 | 0.91
-Miyazaki: 1.7740.01

c—1; Mean values of c—1 for each domain.
*; b value_ for, magmtude range 44— 5§~

%6&LET§E@U3%6?E¢M& WEOFN, BiROE
EOED, REWE HORMCEIIREOLME, B
Rm ot oRelt, MRORESORELS TS, L
o, —RICET b Twa X5, RitkoRk
KRB ORI E L CEOWRIT >V CEE LT

CDERIZE EF VT e 2kd 5B AITE CIER A,

%%%DU%@T,CDﬁ#%L% W B IO ESE
EORMERER T b Ahvy. —flELT B

REEREIRIC OV TR TR B (B - BRA1967)).

w%$8ﬂ~%ﬁn2ﬁ@%@@ﬁﬁﬁ%mg, S;
b= (1.27-) 2:72:5. Lmiﬂ%xmwnr V\E){EZ:.H:-
N, PIDRERME NS> EITEE. ﬁ%ﬁﬁﬁritiéi@
L OBAET,, D R2BEIL-TE %hf%&fﬁmw«fﬁﬁ
O (EHROFL SR>V TERCREL T
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Matsushiro

N
Fig. 40 Amphtude frequency relation for each sta.
tion for the Matsushiro earthquake swarm.

Heavy lines are determined from the magni-
. tude- frequency relatlon (see Fig. 13-M).

Comparison of ¢ for each station

" Table 9.

- (Matsushiro earthquake swarm)."
Station D%ﬁﬁﬁf?' c | s6
Matsushiro - 275 | (2.63) | SM.
' Nagano - J180 | (2.100 | sM
Maebdshi 75 146 | (1.90) w
Kofu 105 141 | (2:10) w
Kumagaya | 105 - 163 | (1.94) E

" s; Number of data. SG; Se_ismdgrabhs used in

‘this mvestlgatlon as follow-SM, Strotig motion

Jselsmograph -W, Wiechert selsmograph
‘E Electromagnetic seismograph.
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Fig. 41 Spatial distribution of hypocenters in and near the- Jépanese Tslands. -
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Front” 7 24¥% 5% CT\n% (Fig. 42-b), :
EROL SR LR FECDT, BARFEE Fig
42-¢ WWRT X 5 75 5 DORBUCH TR O SLHH 5
BEBS, HbETHOREE L OBIFERLE. Tk
bb, EEERINCE ST A, v~ &,

ERCEALKE B 77 <y b)) BREL,
%h%kiﬁ&ﬁﬁik,ﬁ@%kl%Mn%@%@
Fea L7 HUE DR IRA % L?Z.

ttjﬁy ﬁe(ﬁ%*@ﬂﬁ% .
Cw

Fig. 42 Major tectonic features of the JFapanese Islands and locations of the vertical sections.
“A: Island arc. System (adopted from Miyamura, 1962), regional metamorophic zones and méjor

tectonic.lines,
trenches.

,,,,,,

" C: Locatlons of the vert1ca1 sectlons showmg in Flg 43 to 47
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Fig. 43 -Vertical sections‘through‘the Hokkaido District and adjacent areas.

‘Lower- right: subfigure, shows the locations. of; each. section, '

distances within 125km of each section,

Hypocenters: projected: from the

— 41—



16 B OB OB W

DABEICE BB (REC—B") I EiE o Eaf

@ 137 40°, Fedotov (1963) i1 X % FE R4 HiH [
(IEE A—A TRIT) TIX @ 1249 45~55° & 75T \»
5. L#L, Benioff (195135 A F % » # —FE—It

R O R R, TRINCEAS T 2 B ki

L, 300km DS % it a VX 34°, FHIAETIL58° o

“Wh@mdeu”M@ﬁﬁ%ﬁTgm&(wé,am

.

BiED LY 27z, BETHHBOMMASFCL Y, YKE

ch<%®T,Bmwﬁ@kbk&i@ﬁb%@%ﬂ“

ﬁLTﬂogtmﬁiL<&w

% 35 %

L THD, ANLHE, WREEORNE

oD LA HEORE" ZWEL TS,

3,45

b) AMIeEs (Fig. 44)

e 5 2 PG ) B T L, B RME X < iz
THTE 4« DA
PEBES TS, HEEIIEBME»SIEED, &
NOADRER LIEOREH (Fig. 42-b 1) LM

O, HEETPL~Y b ESTHERICERE Ko TV

%, BIRSMIE, WECHP > CREREL R5 Lv
S5EViILLA, CoiiE—RiCEEL, HiEw .
Z Db
R OBEFEHILD 5, - BN 2 - Ty 40° DIERIA T

N -

@,

[==; [ R,

Fig. 44 Vertical sections through the Tohoku, Kanto Districts and adJacent areas.

Symbols same as Fig. 43.

— 42



ARFIBE XX ORBIE TS Y14 A

BIRATHERECENE > TF <. RIFEE BT -
<y BIESH) 50km REDBMICER L TWB L L RE

Eéhé Amm%@Tfm,rﬁ%@%émwwam
km 270, s%uaxw,k%T@&%mr«@Bm
5 TWE (BR (1956)). 73, W@%ﬁfﬁ,gﬂg
&m%@+ﬂrﬁw%?ﬁ%ibfw

Fig. 45 Vertlcal sectlons through the Chubu, Kmkl

areas.
Symbols same as F1g 43.

Hoe ol e T
h »

U5 4 LN BhET D HAE— B 117

© BELR—/NERGEE (Fig. 45)
IV, J~J0 T, Ml BIRFERSOM A E At

DO MBI IEARRRITE L TR D, a bRELfHL &

> TW5, é%m%ﬁ07)7+%ﬂwﬁfm,ﬁﬁk
CEVCEBESHARLN, W, KLSELIFECORELT

WEDRRShD (B - meG%%l,

,"‘ N ‘7‘ R ‘ . i . . . V,
L P - 3 A 0 :

Nl 0B . e oRE

00~ 2o Pt ot et e
- 00 ©® o & . . IR
200- -
300~ -

K _

VI'I' T T T -_.'.'.bl-.'" W,
h ) s
100~ -
200~ ° -

'o_o‘o'..‘ .O'.

e =+ e Ooee ke o
'..' @. c...,x'. -
e 0 Q. o PN -

'
'
1
- -
i
i
il 8 N
H '
H '
- —: ’
ln L 1 ! 1 L L J’
H v -
: :
i i
H |
’ v
:
|
)
'
o - . ,
Jl 1 1 t 1 H i AJ
: :
'
H
2
= -t
H
H
H
H
‘ |
- J

v .
Chugoku, Shikoku Districts and adjacent



118 B
Benioff (1954): i3, AM@F» L= V.7 FiE CE

BIRVWEIF DHE: ?Z%ﬂ'{, 300km DS % T atdfy 382,
ZH BARYE 752 @ “‘Marginal Fault’” A% LT

v mpm\a S5, 300kmOESEHLLT, .

N UEO BRI ATESIC RN TR THRL TS
LRTWS, LaLl, Figr 43 o H-H~J-J T,

| EVILED B 400~500km DIRVILE £ TIRIBERINIC

LT, Hi (1960), B - Sykes (1969) 13,

AR SNERIC W 5%, SROMER & .

B M W OBIBE EIS

RTVB,, WEROBIET Y, BREAMEIL LT X
SHAERLT S, BNE BB & 50T, . Benioff
DFERIT . B OHEZ R~ TR 7el &2 DL B R
HEODIDOTHSHS.
d) AprmEER (Fig. 46)
®~®@%ﬁ1m,%%rmﬁﬁﬁﬁﬁﬁf,ﬁﬁb
REEAHSEONOIRL, - O TIZFITN -
ETEORESRONS. COHENE, MROKILRS
X ONRICIE RS SUMBR BRI & 13 8 A% o o iR TR L

- K’" T - K" . e T T T I), Wl T+ -1‘. T L—— O ' ’
A TR T K N e
0o- oL 2o T e
] ’ - - : ; i
200- : - w0 . - -
- 8. . o ‘oae = T I
00- O Ghaene © 30 R =
_ . . ‘..6 O e - - . “'-_-:.:b -
- 400~ + -0 . - ﬁgo~ IERT TR -
" o - M- o _
% o -
,
L’ g&lﬁ__ e G Y'Im_ TV e N W:&U O ¥ _“W
h e we e Bk R T~ - h
100 T oY ol LA i
200 =20 Lo
_:7 - - ,;67 N -
300" - 30 o : -
T 0. o O‘O.' - 400— . (6 .
%70‘ - .- o © - km .
- 0. - M L K
21‘- ..l.‘-:&. l@' ..'I% T M

" Fig. 46 Vertical sections through the Izu-Ogasawara region and adjacent areas:

Symbols same ‘as Fig. 43.

T 44—



E*FJ%%&U%@HLKRH%*]‘{X /7‘4 PR f?@@‘ﬂ‘éaﬁf’ﬁ%—-ﬂiﬂl

119

‘%kb,%miﬁ@%%,ﬁ@maxm@aw.gt3 Z OHHO KB OT I, S 100~200km OHy
BERBEDITLAEREOhE L. B RDN, AR, Ok, MMIETRES
©)  JUM—BEERFIEIALE (Fig. 47) : A )
= A N K —X’
Ne—— TR T o 3 . ‘?_y,_' 5‘
. 0«.{}. . 8 .(? _ 'h@ Oo.‘ -:@% .. ._Oig’ Cf. -
100~ - .00~ EET : -
km_ - B ® . -
200 -
N e e 0 -Km_. . _
',.?l T a ‘n..,“,' ..-.. T - :O :
100~ R -
. s -
2‘9)9’— ) ’ ) . E ,A,"
P a 5,
o o Q..o oo - o
; o :
o0 o 0 ) § |
- & - 0
g "

Fig. 47 Vertical sections through -the Kyushu District .and adjacent areas.

‘Sythbols saml as Fig. 43.

BT ORRORESHOREZERTH 2RO & ST s.

Coa) dbimE—-TRIIEE (Fig. 43)

T NEARORES L7 BRI & o T Xﬁﬁﬁ%@@%&%@%mw i
ﬂﬁbi 40~60km DTS ZHLELEL T2
Tt KT © 72, NI OHUE S R T yfwm%bw\t <, i”;ﬁ§ 100~300 km DHO
: PEU, S o oL
A AR, %MP@@%ﬁKUT&ba?)%.ﬁ%%ﬁmﬁﬁ+—/ﬁ T~ E -
o e e » T\/\ %‘ . . . .
CB~B/ | s EAOREE, JIUHSORRREN L < bhrb. aliiy40°
c~Ccr Bl e Loy, RESHSLPEMTH L2, alifyd0°
b)Y AMHEER (Fig. 44) 7
| skmkoxTitre s BERBBCE DR, I~T LRE, ARMETS - & b HERD
I~/ - DEALTEHIETH D, BIEE 40~60km OES P LCEELTY z—w (I~ T X 22
W, BT, SR, ETFIRROMER H . o
I 51 B A2 T . DN (1951~196566) (013, JE30E - 1A - 5718 - 9
N~V FEBIEOHEND D, ROHEOTRDMER L8> TWh, X 100~200km o H1EI12/)
_ RBELORETHS. -
~ D~D’ THEERIO LD LEA L, SR w%?@ﬁf&é

#45—,‘



- 120

B OB R m'%ssgrﬁat%

FF/ L 3RiT; beo & % S 72 B AR D T T, r(’?%f&h@ﬁ%‘%@ﬁﬁﬂ&@ﬁ%ﬁ#l <db

E~E/
| pa aniyae
F~F! a3y 35°
GG | TR0 TOBMZERT S, KT 60~T00km DR ia,ﬁﬁutgmﬁﬁ@j

REsfiohs (Fig. 41-b 7"‘<HE)

c) {33‘%'[:.%—-/J\’£‘2E?%‘.% (Fig. 45)

Vv’ BB/ NEFRIMDIE IR 5 IR OHE S 2T Km%&ﬁAbrw6V'ﬁ%%mrm~;
A 200km DHIEHRS L, BOHERIEEAERShi. .

VI~VIY l%%mmﬁk@OWﬁ@wﬁw%ﬁ%?? ;@w&ku,&bwrMR&A&E6hﬁh

HoH/ |l 45° IR, €@ EASHL TS

I~1 fam%4w ‘ \

J~J7 |am%4w

d) AT (Fig. 46)

, T B A DI RO R A e T, WP E%,ﬁ@¢5¢%%k¢&®6W£wmo
o VI~V %éomk#§5uﬂn REGBTELCHRTH S, a9 40° TRIELRD LERVIEN
) EEDIRS> TS,
M| R, RIS e, BT HETH 5. i 2 R 40°
K~K’ - \ 100~200 ki DYES OHEISTE L, EIRIBENS . |
L~/ | 100~200km S OHEFE o 72< <, WIE LRVILE L S HHL T 5.
M~M/ _

CBVWNBELHEDSLT, BUuhollEoL Rbhku.

&) JMN~BEERFURILE (Fig. 47)

C DIROMES RS S E 75 o TV B, ERIHOT

SR : HHHHHDR LB,

S| BV RS (IR, %ﬁmcmﬂ:f:éﬁoﬁﬁ%ﬁ@mﬁ.gnm\)_
N~N’ | ‘ TR i, BESTORE biT%%’C&)éi» 100 km LA _EDYES OHIBII RV . .
0~0" \auﬁS?,W@wf&w¢ﬁﬁmx§m¢¢gw.‘ ' T '
CP~P/ | BEAHOMBIEMITIIEVS, alif) 55° BET, HERBOCORE L,

%ibrv&;u#b{@%m%mﬁ<ﬁ%
BREEOSAD a)~c) Hgit R TRV, A

W, EHO 'm@D,é&rﬁﬂ*uﬁ®%”%(+mmmﬂﬁ%)

L (Fig. 40-b 212, Bouguer ¥ TIRIEER

M-SR TV, OB S 5 Lk R
FERR) MEFHSRESh 5, BBMHETE,
OB &2 L& Bl o TWBH (B + Sykes (1969)),

3 BANCHITHHEES

AR BT 3515 5 EIEAH &, {OHTRIE -
2IVEHR G ORS) & OBERE Fig. 43~4TI0R L7, -

B 31 5 Th OB Fig. 48 THEMICRS T
COEMTES, —RIC, BVHEBOREENL, oAl
~DABED BN 2 THER LR > TS, HilD
BTG > CENOR O REH (FEERY —100~~-200

I EEEE TR SRR Y T B 2S8R

ZD BN D), T
DHITT AV A XY~ BRD o TR & RFER
LTWwa ( (1966)), BvitBiic o F, B0 R
W OMOMWIBICER LT 5, SORHR, WEDKE
EERIIE, TEBENIILB AT LTV 3. BIR O 54

V3 40° MAOERATHIICEE > TW5. O

LB HOES I, HREX LR TWRX DAk
W<, 50~100kmp4— &£ —ThHoz LAEH SN 5.
BELL, TOEXE, BERECHER L VHEELE
BEiTi, SHHLSKDOLNBWHEMES S 5. 2 & 2.

C— 46 —



Eﬁﬂ%k;o%@ﬁ

iE, Sykes (1966), Mitronovas et a1 (1969) X5

r/ﬁﬂﬁ@ﬁfm %~%km®f F—ThbHT &
»&%@%hrwa.&g4&@AI%H@%EémE%
ML DTH DD, HrNIBET

%, Fig. 45 I~1 SHAN, BEASXDRNEORICE
WLV BD00b2s WFHORE, FhrI~T &
/J‘E'?Eté) P Cik, ZOBEM LB 5

'rﬁa&uﬂwfﬂ@&wmf(zaUtﬂﬁm@E\

B »E5h5 2, —mRie, /J\%ﬁ*%f HED SRR I
R R, HRREIRS, SV, R
FRET/RE <, PR TR & < 7 B RIS BT
% (7oL zi¥, 53 (1962), Vacquier et al. (1967)).

W, BENORWHEORERR L, WEHH L OB

fRig, %me%éﬂ\u D50 R o 1A Bl Ff o> T
52, RRLOX > RHERRORFIOBE 1T, K F#E4
WORMTITEIEDO DD THS (Jo& 2)F, Richter
(1958), Benioff (1962), 3. (1966) ).  LaL,
—HORBI ok 21, 3Bk 7V 2Ty v T

' ﬁ,%%%%,%%&iﬁ@%ﬁ%%%KVTV6%ﬁ‘

- Sykes (1969)ic & b-
TR S 12 1961~ 19684 DI § DA BRI AL

L%Hé#{z /T{&%hk%L?é%ﬁ%*’%x ’ 121

L5,
mg4&47kfutﬁﬁﬁm%$VLr,mE%i,
@#1%% (F\ibiE 75:[5%0 %1@@52: Flg 49 1RY
i,

ﬂ%%&@%%ﬁﬁ,ﬂ% (1935), #H (1960) 4
KX DT TR WS, ThbE, MEOHERIC.
% Fig. 49 LITABTIHIZE—H LTV 5 25, Fig.
49 T, WEOHBERZEIEL, HEROWRYE O R
T SR TR LCh . BABEIIKC ST 5
%%%FW@Lﬂ@kOVTHWE#%@ ﬁﬁ&%
SR CrTEhy. - :
Sykes (1966) 1%, - Fya e 7/1/77‘ v ﬂiiﬁiujﬁ@ z%
X RS OEFRILE GES 500km DL &AE< <&
BOVARERTC L2 RH L Tws, AL, B
& 300km BEE TOREOHMHH LTI, )R
VIR LT B8, TR TIETE OBIRE 5
FVPBRTIRG, SO & S OREFHES Ok

HoOMEIEET S0 L EbIS.

BERHEROEME, KOS HOERNIHE—F

LTWBHE XL, A% (1930, fig (1935) kb

00 e T

- ~200mgal
T o
-—100
S A 99
- R 200—
£ s
= ) o®
= .
a
o
s RS .
® 30
e
e -y
- . A% 0 400— .
Ll
o )
32.5N138€ 33N,142€
—500 | A I —

. o o w
Fig. 48 Vertical 'section perpendicular to the Izu-Ogasawara Arc.

T denotes trench; V, volcano; convereging arrows, orientation of the maximum compression for

focal mechamism; B, bathymetry (vertical exaggerration of about 10); G, free- -air ‘anomaly of

gravity,

Circles indicate earthquake hypocenters within- 100km of the section; solid circles,

- do, 42, 4k are less than IOkm open c1rcles, less than 20km, larger symbols 1nd1cate greater

magnitude.

— 47 —



22 ‘ -% %‘% #
EhTws, &% -
DB, BRI DKEERIANEE - T 5 BRI R
ELT, WHEHANENS TS & Y, RES
C NEENOKTERS OFFNE, R, MERLEEOE
.’ﬁa(b%#o@ AM%@%Wk%):mEﬁkﬁo
TWBTERRBLTWS (Fig. S0ZHD. -
| TR, WRENDRIEDI
WICHL, SROVRSERINTRRD, ThbEE
K358, WiCh<% &5 RERSRD SN 5. il
DR K~1’§i¥fﬁl NeRAET 5O BB, VWhws

““Normal faulting” ?&@%ﬁﬁ#%%ﬁ%ﬁ&é%é. RBRE -

EHOFINIRTFIES, HHOEMICITEEA L5
T % (Stauder (1968), Isacks etal. (1968), B -
Sykes (1969), Fitch :(1969), E M. WEOHREID

B%v\itrﬂi, ““Uuder : thrusting 7 & L CRIHHE

%é’érwﬁbﬁméhé RY oy T ey wv@jimi

| HBOERCH L CREES, REECEETE L
%y\. ‘Sykes )
(1969), o). MFETME T, RREEH O

oo TWw5 (Isacks et al. (1968, 1969),

BB K SOERICHL TEEEA, BEECE
BEFFLEE-TW 2 [EmPEED B %5,
5,

. Isacks et al

—fxic ktixE’JT%EEU“C%%: (Balakma (1962),
Molnar (1969),

(1968 1969), Isacks

“Fig. 49 Conter of hypocentral depth.
Chain line indicates eastern limit of earthq-
" uakes; dotted line, areds where distribution of
events are not clear.

35 %

- BB (1946) 13, FmE %%@Eﬁn :

CRAEURRORER

'J(MJ@*B%%E’J%Z‘EKO\NC TCUWB %,

%< DBLD

%“314 % )

Tofh). ERNETIE, BRETIMIHLD 1T i
ia‘b'rtivi“é‘ﬁ, BT CH L TEE T B A2
r““< bbwvn\zo (K% (1962), Foft, Flg 49,

5\% (1960), I o) (1960) = ;K(E@%im e, Kk
m%mmmmm #y&?%%%?#o TWB LR
WL, <7 < RO OVTEEL TvD. B
(1966) 12, FIETEHTE O R AL, %E##E\, e
W%‘mm‘b
%ﬁmm@mmTétm*a<mg@~M%mxnm
FEHOWLTHES T, HREARTHETE RV 2 2
(Fig. 24 B0 Fe 5 CRIEAERS. K0t
mﬁ,%wkﬁﬁtﬂ?u¢t<<ﬁ%'a%a%bx
RN EOERNLETHS L ENT VWS, L
#L,@At%%fm,b&b@%twfﬁ@#<tg‘
1,, axjcff&@im m:w) KON TR b h

4-@;§rxa#ba%m%%§'

W, KSR &y YRS L O 0o BT
VTws, RO TTOREAHORES, BRI

DU KEE 2 B AETTWBBIRERT b0 L LT,

Fhbb, W7 ey 7 OMHESSHED, H50iET
7h=y 7 REBOFEHNTHLLLT, $LDAXIK

130° 140°

-Fig. 50 Direction ‘of horizontal componeént ‘of the‘

maximum pressuré for focal mechanism (after
‘Honda, 1962).

X ; intermediate-depth shocks. ® ; deep shocks

— A8 —



BATUS R X OCEQEICTET 5914 A S &7 ¢ & HRIC S

X o THFE TR

OB, BIVEDZ, REEEicb), —Kich

ﬁ?bi%hf*ﬁ@iﬁﬁ"ﬁ'k_&é EERLTWVWS, &

7o, BREEORESHLET 5150, BEOSHT

LEM LB, EEAHIGEVE TILE kDN |

BEMICHS. Lirl, REREORBEHCE LS
FEREFR O FAME— R R FEE 1 2 BERE &5 I B2 T
LT R LSRR A OEECIHEMEEETHS.

— 5, \WhbW?% “Sea floor spreading”’ ;}g (Dietz
(1961), Hess (1962), *Oft)icd &%, HEHES
nTws 7 r—1t -
. Isacks (1967), Iscaks et al. (1968), Zofth) 7%
5. ?ab%,iﬁ%g (Lithosphere; 3%k X O°<
VD EERD %@%@75>.%3)R@T'\_FF¢LT\/\%>.&V‘

SIUPIIL DM BIE, FIMELII LD, WOMEDTK

TR D 278 D DI OV TEHANIC IR ISE 5 X 5
WRZ 5. WHFEKKFICEL TR, @K (Vine -
‘Mathews (1963), #dfih),

(1965)), BIDTM, WEOF M2 X/ 5 Lith-
osphere £ H OO, EB)D 2 7= X AFCRLT

WHLRCERT . UL, WEOZRINER%
SHERIOSIIG 5 & RIS QBN WIHTE Tl 7

- BIERC 31 % HEIEE) & (D HEER IR LR &
DEIREE, X PEA &%Hﬂ%%} S AEEHRR .

%axm,mafﬁmé %%@Tfaw&ﬁﬁg,ﬁ,

ﬁ%@ﬁ%" “\Wibhp % ' High Velecxty” : "ngh Q"
—DOEELFD—DTHS . :

HARTIE &% BT, & 5 VIIBEIFT 210 & Dol
CEIROWT, FARI VT AR TSR B
M, B 5VIEEUKIEIC 51 S EEB O, A4
FIBDHTHL,

VBT TS, <V APHT D HBE R —
. 75“7?&?%) &&‘TLT‘/‘%} {ka"cbj, DT &
BIERTK

L TH % Z)T-?Z—%’é‘,fbiom’cf%’ﬁ?:'fé; ]
VI %E@‘ﬁtﬂﬁ&ﬁ%@iﬁ

xgﬁﬁﬁammmﬂmkmbfm,ﬁ<#6§ﬁ@
MERSH D5, %L DAL OFRZHENIEREIC ST
DB HEEOMEC L 5L LTHEMS W T E 2. B
L, 1RREHbEE, EE{&@&+E%§@Eﬁ@%ﬁ>%. H 451
BINLOMRE < | v LETOMBER OIS, R

ﬁﬁﬁﬁfyi/\“f; L30T, FEEE

7Y b= v 7 AfNeE 2} (Oliver -

| s (1963), BRI ERIE
C(PerxiE, Wilson (1963)) 213U, FhE%HETS
© Box OIS B BTV B3 (2 2 248, Wilson

'mmﬁ®£§,ﬁﬁ®

BRACE R CIRiE R ﬁmféé*"
EBTED. %mﬁkkkﬁémr@”@W%TGﬁm»

123

| OREMEIE & I CREEICHERY 5.5% (T k

2, ®E(19%6) Z EMREHE TV B, T 0T &
%, =v A LEEERT 5 WEORMMESE, 5%
Wik, STk - Tﬁibf’(ﬁ(ﬁiil}?ki E)EE@{E&—F#
Klékbfwﬁﬁ%%“ﬂ@%ﬂfwé. T, Wbhw3b
“Low velocity layer” OFfET HH 3, g ic

BEL, WEHEETIE, PRIBEVEBKETHE L AT
VBT ESHBALT VS (kI

Dorman et al,
(1960), #114, iE2 (1962)). T hBikiiE®H 5\ iay
HELF D HISARIE 23, ﬂmmagiafvvrwmm
PEIATVHIEEZRLTWA.,
Waf%ﬁtioa'maurﬁ@m~ﬁk%¢LT

VBB TIEL, BLBPE BRI R L
TWB (i, BOHEOHE). WEOERM 576 &

BT D ERRKMTH 50, WEEH O E
hdgf, <V FAHOTE—HERLTHEHDE

2B, E7m, WETHEARE Y, BROTCERYE

(Lithosphere) BTFBLTVWEET5E2055 (ot
2%, Oliver Isacks (1967), Isaéks et al. (1968)).

WEEHOBA IR L, WEORAZRE WL 575

HMETE, TRENOHIBERRL TV B BEOME,
Wt d B VIR S > OIE ST 5 T AEM:S

ZBhB. LT, FOMEEIEA &SI E600~700km
KETHEATNSE L LIk 5. T OMICHENSEE
T3 EThE, o REE L CTERBTAIEESD
o L AEBIE R D DT LD, LTI,
VIBSFIC DV TREST5.
T HERBEOREICOWT

Eg51ﬁ ﬁg41ckTLLH$ﬂE®ﬁ%E
B 5EROST, B, %&%ihjﬂd}ﬁibfdmé’ﬁit
T DI S % MBI 2 B AZ OB S I W e B
WEBROR LD TH S, ChicLhug, b,
CRAET HIEFIE D DU S, BIR - Bk S
FRET LB, £E UTHEDEEOE il %58
BT B0 LT, WE - HE- NS S EET S
O, WRORELLVIIREZ X VS BETH L
Bbird, LihioT, HEOHEOEbE, E

DR LR & TOMBIGHE QXA RET 5010

&ML R > T (B3 (1960)). Fig. 52T
V3, SENTICRAE LT 3 DOBERIEL, 1 00%ER
HWEOERSRSNTVS, ERUE CFhigEs
360km) DFMETIE, HAFIEOIIINC 31 5 HilE
<xgmmx>e TN 31 5 B k& VR
T, ERICRGIEENSRD BV G, MO GIIE



124 : B

| NNQ\

-300

Depth

=400 km

WO W35 %

\\Hypocenlre )

345

) Miyako-

"Fig. 51 Schemétic expressioni of the seismic zone and pdths to station.
Hached areas indicate seisinic zone; densely hatched areas, zone of high activity; thick lines,
pathis of sei§fiiic wave from the deép earthquake of thé ceritral Japan; open and solid circles,
seismograph stations (discription same as Fig. 55). ’

(wéwﬁﬁ)@%ﬁ®u Eﬂ%&f,g@mL%m
RELEDTHIC ;6%®aﬁagam1%tw.%ﬁ®
BRI TS,
VRS TRV, HIBRART R EOREERD B2
L, EREOKFELLATLEMTSS. COER
3% & MBI A 3513 5 B DG LRE T,
WEOTAT 5IREWMAT HEE T, WEOTRAEL

TR BRI AR T h B 2 e 5. BIR

* FE1935) > S o BRI X iug (Fig. 52 THET
), EEGES 360km OMECH L, EhRIEE 600
km CTHERNL 152 E B, CHUCHA, JEREITIEE

BT (4~5%) B, TEATIETEH3H ¢ 2

/)L<&ofwé Firbb, WHETOLERD R

W EOFERE, R 6~7/ Lix 6

Fig. 52 @ Pic>WTid, SIS EBHE TRV
LItk B) FRaEn @B bh 5.

(Lgi"—‘b‘
BB 5m 1938) o Pz X hig (Fig.
52 CHEMTRT), FRIEHE 600 km o 351 5 ERT 86
@&_tﬁof\/‘%.
BE<, MEEHTIETES L5~2 HEe o TWa.

B ORES+ 5T O TR ERII ST 5, T
%‘T“OD*EI?\JLE’JE%E%Li B5~6% L7, S Y)Ebﬂ‘osj;bb

B R LIS LT, S (1967 d) 13, B
MO TR 2EERYE 2, Py, S, 06X &L

“Cb\%)ivd:ﬁﬂ@%iﬁﬁc‘: I —FH LT 5.
EIRILEBOERBITH LT3, HERORKKIC KT b
BATOLM MR, ERIBOGHETERE PH
Lz Eabrs (Fig. 51 ). LT, &
RO FRERR AR b —RRIC T BT Wity (Fig. 52-4
B, WOHETE, WRNOBMEC LS K,
ﬁ&#ﬁkb,mﬂ%@ﬁ&tb R BIR D OIS

EORETORER LT L TWB D

DTH 5.

THIC A, JEREIT R g 2.5<3

BELELRT WS (- & 215,

SAF TLTV%#,@%Km@E%@&?&TﬂWﬁ
D DRR LIV, N

TTTIE, BEEOSH R AR EEEE & (i, R
ﬁv’ﬁ" iL?%%@%@&*FEﬁZEL“CU\é LeL, &

EREE, (GEED3E (bBWIE2E) oflss
E&%Kéif’%» REEPHESEIOLD (HhHWEE
O—E) kD B, WEHFORD (bHVixHiERS

O—H) LT BEPFEBELTHL OHRSDD X
(1960), siA (1965), Oliver - Isacks (1967), =i
(1967 d), 47 (1968);, Molnar.. Oliver (1969)%%).
LHOC EREE TS Q pREHIRICOWT b 7] #E
BREETHD, SHOWESLELEND.

S 2. BEEORSEEOWT ’

' Fig. 53 1%, EHEBHEOERME 2 HILA AT
BLEA0L, HHOATRELE DO EZIHLED
—fRic, TR FEEID D 0T A
INE R, BATMEED BIR DL - T 5. it@ﬁ%
SERS MBI OE VI TH B DI
%@ﬁ%b<$£bt#ﬁ%@&#ﬁébfbé ,

WRIEDOR, Wb 5 “EWER” RAULS
f FIN(1983), EH
(1944)). Fig. 54 32D —fla R LIz b DTh 5 (1952
45 A28[, FE30knmoNE). REENRSEHD
b?tﬁ@ﬂ;ﬁ%km ERM O —z oikic X 5
ﬁ%#ﬁ%%?@ﬁl&ﬁ% PHELLEM LT3
(F2& 23, T (1983). coERMOEE, 1) £E
BATOBBEOERIMIC X VRS, WAL
MRS X D, AR TIHFTHRE S h 5, 2) E
Witk < FThTW L EEMOEE, BRETOREDE
HoEr XD, HHHBCRIEAZT, &5
HHE VB EBRFICEET 5 —BORESE X HhT

__50_

SHLT, FAMD



Biﬂ%k;u%@ﬂ

200 - 400 600
’ D km

kkﬁé#{x /T{&%hkﬁ ?

paﬁ%~—%%z‘ - 125

Fig. 52 .Travel time dlagrams for the four earthquakes. - .
.1 June 24,1965 h=360km 35°21’ 1359317 2; July 22,1957 h=360km _34°37/ 136°07’ 33 Sept.
28,1957 h= 360km 330517 136°38/ 4; May 9,1968 A=0km 34°01’ 135956/ (1,4 located by'JMA.

2,3 relocated by ‘the author)

indicated by hatchifig in the subfigure.
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Locations of these events are shown in the lower I‘lght corner.
Open circles denote observatlon in NE Japan, solid c1rcles, in SW- Japan

These areas are
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Fig. 53 Comparison of seismograms recorded in NE Japan and SW Japan for deep earthquake of

the central Japan (horizontal component of Wiechert seismograph).
Earthquake on Dec. 17,1958 at 32°%, 137°} with depth 400km. Tokyo (epicentral distanca 400 km)
and Fukushima (620km) in NE Japan. Matsuyama (430km) and Hiroshima (480km) in SW Japan.

)

Fig. 54 A example of seismic intensity map for deep shock.
Cross mark indicates the epicenter of earthquake on May 28,1952 with depth 370km;
small circles, seismic intensity I; large circles, II and III (in JMA scale).
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Fig. 55 Comparison of seismograms recorded at Tokyo for the shocks of NE Japan and SW Japan
(vertical component of Wiechert seismograph).
Upper; Nov. 4,1953 42°.8, 144°.6, h=90km. Lower; Mar. 14,1952 28°.5, 127°.3, 2=240km.

g
N

I ]

Fig. 56 Numbers of recording for deep earthquakes.
Symbols for each seismograph station indicate the numbers of ditected earthquakes
among the nineteen events which occurred in the hatched area; small open circles,
less than 10 times; large open circles, 11 to 14; solid circles, more than 15.

FHE (19663, b)) T LTHFEFELRRI L. F%& Table 10 DX 5icik 5.
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PYTERL, —RITRIBICE LWEESS 5. i W52, FHAHAloSR ToIRIE (Ax) 1XREEFERID Hk
NFURISURFEHESS, & HHIR TILRIEM O IO TR TORIE (4s) IThR, FLAKREE-TWEZ ERD
RICEHR SNSRI LT, dHHIRTIHEESgOD D 5, MEDED, HEFRETO QolEic X %53
THRFSINLWZ LB EDIX X LB XN %, Fig. DELT, WHIKTO QEZLIKL TAS. T Kt
561, fCOREEEE (BHETRLAES) TRELRE kéhkﬁi*@ﬁ#%?&f®%ﬁ’“WF%WI%
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Table 10. Comparison of amplxtudes observed in the north-east Japan and in the
. south-west Japan
NE Japan S SW Japan
* Station AM | 1ur | 4 © Station | AM | 1f | 4
1947 Feb. 18 33.90 136.°8 h; 400km o - o ‘ o
Kuramoto 440p 4.0s “575km Onazhama 3200 | 1.0s | '570km
Hamada 310 | 41 | 590 Fukushima | 1150 | 10 . | 620
Fukuoka .~ | = 340 39 600 '
Kagoshima 520 | 3.2 .| 610
1957 Sept.. 28 33°3 136°% b; 360km R :
Miyazaki - 1.0 2.0 530 . Onahama 65 10 525
Kumamoto- 28 2.5 | 565 Fukushima ~| 26 L0 | 565
Fukuoka .25 3.0 585
1958 Oct. 15  33.°9 137.°0 h; 360km : :
Hamada 8 | 3.5 | 470 Mito 36 | L0 |- 420
‘Kumamoto - 16 2.0 597 Onahama .59 | 1.0 - 490-
. Fukushima 35 1.0 530

" 'AM indicates the maximum'h/oriziontél amplitude of S waves; f, frequancy of the waves.

HD, BRI 5 BIRIELE (Ax/A9) 13, &
BT RS LW DL B iE (Se/on=Ss/vs),

E%ﬁ%¥é§=UanﬁUN~UQV C(1.2)

L75%. Table 10 T3, Eglﬁﬁﬁﬁ 500~600km © An/

AS U3 4~6, Fs/fx 13 0.25~0.5 B E 0TS, &
2T T=145%p, An/As=5, fs/{fn=0.33 2 < &
© 1/Qsx0.33— u@rom% (7.3)
L5 5, .
. US)fm,y<®mmﬁﬁ»5m%Lrwé®ﬁ
B PR R 3, @ ICHIEIT Kk X

T3l (1000~1500) %5 % % Qs SOTEERIC L s b
v b, Qs50~60 L & FuE, @ik 300~500 & .

5%,
7/FwW%Lﬂ?éxWﬁ®Qu,
kxbbﬁbrﬁ@kbt ﬁﬁ%x%ivtwéﬁ>
300~500R2 D % ~%mm%@aam¢_a@m%;
5 (o 2ig, j:iﬁ (1962), Anderson et al. (1965)).
-mﬁ~v/bwi%T®Oﬁ FNEZAETHLD
FIBICIES, 27 D /NSWER & 530 L Bbius o,
*%(m&)HFFML%ELf%éGka@iF®
BRIk 5 SEOHMBIE2S Q@5 150 &3k T\ 5,
Eo@mE (1966) 13, SBT3 Qi Piic vl
<, ERAM S WOBENELL BV ERBH L Tw
B, WALAARM~OWERIIHT2E Q %, HH &5
a%@,ﬁﬁ(wm>%k;bkbahrvai%t0

4 DH%

BT A EBLAR

BREET DL, EREAENA~DERICH T2 @ fli
B0RREE(HY 1/10) 2 72 b, T Q fHE, BIRLO—i
{75 300~500iT T <, E72, JHIAID @ f% 300~
LEETAUE, MENTIETORL/6L 7%, FH(19%66
a, b) % Q OHIT 10 fEEEDOHE CRE\VHITHL
T300, INEWHIC0RE) 5%, REEHOE
B OIEED) BSEMEED & LT3, L
EBEOATORE (i, FoEORA) 13, Th
B DIER ISR B IC % T 3 X SHURAORE — b & 4eE
2TV, HBERAET HHIBEHMRK L TV AHEDY

e WD D VILREESF L, {OHIRO S D & DX,

%n%héﬁﬂbm%?éw EIRIC OV TTRB DR
#E&MT@é T TTH, I T R LRI
EOEHZ M, ﬁ%ﬁ*(& @%iﬁémﬁ%fk
Lfﬁﬁbh%m&#ﬁéié)&@ﬁﬁi(&r@%
ibtmiﬁ%i&bfﬁﬂbtmhﬁﬁﬁéﬁé)k
%U%ikﬁDiﬁ,ﬁ%%uO%Tﬂ@Lﬁ D
R WEORET ZHMA BT 5 MBS %
BT D BRI SRESAE <, WESSR (8
ﬁ%@ﬁk@vf%bw)u&bb#of

3%, Oliver - Isacks (1967) W3, 1*/737~/j*1b7—7°

ﬁwﬁkowr EFLEET~H LR ERE
f«rméw,b@bau%ﬁexotga# Hiﬂ
Bz EELT, mog (BRILE %%ﬁaéﬁmm
RTHDHLERRL TW 5. &

iF, Molnar . Oliver (1969) y3{lEfR4 #i12 5 v~ T Sn
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AfFER Li‘svt of Intermediate-depth an;l' Deep Earthquakes in and near the Japanese Islands.

I

1930—1950, Magnitude 6 and greater

T. Lat.
N

— 60 —

Year  Date J.S.T. Lat. Long. Depth Mag. Year Date J.S. Long. Depth Mag.
’ h m N E “km h m - E km
1930 Mar. 6 12 31 28 140 500 6 - 1936 Dec.” 1 15 09 30.7 129.0 270 6%
.~ Mar. 8 08 34 45 147 180 6 .1937  Jan. 20 09 28.0 139.6 500 6%
May 24 01 38 341 139.9 120 63 Feb. 21 16 02 44 150 120 73
July 23 04 25 443 147 140 7-74 - Feb. 23 09 47 44 149§ 140° 6364
© Aug. 30 05 02 44.2 146.5 150 6-6} . Apr. 30 05 18 45.7 137.37'370° 6%
1931 Jan. 9 10 45 39.8 140.6 130 6% June 9 03 00 46 150 100 6%,
Jan. 21 17 58 43.4 145.6 100 64 July 21 09 07 46 144 350 6
Feb. 20 14 33 44.5 135.7 350 74-T% 1938 Feb.. 7 23 43 36.3 139.2 100 6}
Mar. 1 23 23 46.0 143.7 250 6} Mar. 18 11 08 46.2 147.1 320 6
Mar. 30 02 51 42.8 143.8 80 6% Apr. 23 09 27 28.2 130.1.160 6
Apr. 21 09 02 38.5 134.2 350 6 June 6 O 31 35.9 140.3 70 6.1
June -2 11 37 36.0 137.5 240 61-64 Aug. 1 06 54 44.0 136.0 320 6
June 30 01 43 33.9 136.8. 350 61-6§ Oct. 18 00 26 44.0 141.3 260 6}
1932 Feb. 3 16 34 29.0 140.1 400 6.0 Oct. 21 15 46 43.2 131.1 500 6%
Apr.. 5 04 16 30.5 139.1 410 6% _ Nov. 13 22 13 44.7 149.4 100 6}-6%
May 513 11 34.6 135.3 -360 63} ‘1930 Apr. 21 13 20 47.6 140.0 500 7}
July 25 17 24 35.2 1359 360 6% Dec. 16 19 46 43.7 147.2 120 6}
Sept. 23 23 22 44.9 138.0 350 7 1940 Mar. 9 19 47- 28.0 140.0 520 6%
‘Oct. 26 02 -02 46.2 144.6 370 6% - July 4 18 00 44.3 144.5 200 6
Nov. 13 13 47 43.8 136.7 300 7-7} July 10 14 49 44.8 130.6 560 7}
. 1933 Mar. 19 00 51 32.2 .140.0 120.. 6-6% Nov. 7 22 57 30.3 138.5 480 6%
© May 24 13 35 46.7 145.6 450 6 ‘Nov. 22 22 06 44 132 570 6
Sept. 3'01 41 30.3 139.4 380 7.0 1941 July 6 09 34 318 140.5 200 6%
Sept. 9. 14 02 45 131 ~ 600 636} Nov. 14 15 ‘49 44 1484 150 6%
. Dec. 5 04 33 46,6 144.0 340 7.0 1942 Mar. 6 04 48 43.0 141.7 300 6%
1934 Apr. 15 19 33 345 1400 80 6 Apr. 20 17 40 33.9 137.3 350 6%
Apr. 20 01 13 30.0 139.5 380 6463 - June 27 "11 43 29.8 139.0. 420 6%
May 28 14- 32 45 = 1493 150 6-6} July 27 20 05 43.0 147.2 120 6.0
"June 13 10 50 43.5 147.8 140 637 Dec. 21 -21 59 47.5 148.0 360 6%
June 20 00 47 293 1383 400 6-63 ‘Dec. 28 01 .39 312 142.5 120 6.3
, 'Oct. 27 02 11 29.2 131.1 70 6364 1943 Apr. 30 00 25 43.4 147.2 180 6§
1935 Feb. 11 03 29 29.4 138.6 450 63 July 1°13 39 36.0 140.2 65 6.1
Mar. 29 08 47 44.0 131.0 350 -6} Nov. 9 20 46 43.0 148.0 120 6.2
Apr. 15 20 15 36.2 137.1 260 6} Nov. 17 23 57 33.0 138.0- 320 ~ 64
“May 31 17 18 38/6 134.2 450 6% Dec. 3 15 52 42.6 1445 90 6.4
July 26 17 03 47.5 145.0 450 6% _ Dec. 17 22 53 29 1294 120 ' 6-6%
Oct. 2 14 33 43.3 146.5 80 .64-6% 1945 Jan. 24 18 30 30 1394 300 6%
-~ Nov. 21 17 41 463 142 320 6 Jan. 25 15 01 28.1 140.8 350 6 =
1936 Mar. - 1 19 21 474 14734 350 6} Apr. 24 23 34 31.0 139.5 240 6}
"~ June 26 01 51 32,5 137.0 320 6% Oct. 9 23 36 423 148 - 120 637
Oct. 26 18 33 344 136} 350 6 Nov. 18 01 08 43.2 139.5 240 6}
Nov. 13 05 04 45 149 150 63 1946 Jan. 11 10 33 45.0 131.0 600 7%
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g. Depth

— 61 —

Year' Date J.S.T. Lat. Long. Depth Mag. Year Date J.S.T. Lat. Lon
h m N* E m - K - "h 'm N E km
(1946: Apr.* 6 06- 46 33.7 139.8 80 6.1 1951 Dec. 7 04 20 36.0 137.6 250° 5 ~
1947 Feb. 11 19 03 28.4 139.8 350 6% ' 15 23 12 36.0 138.8'180 5.2,
Feb. 18 22 30 33.0 136.8 400 63 = 1952 Jan. 11 16 03 42.6 148.3 80 5.5
Oct. 3 15 20 3L5 139.0 350 6 20 14 45 35.2-140.3 100 5.2
) .  Dec. 1 06 17 34.4 137.5 300 6 Mar. 6 13 50 33.0 136.8 390 6}
1948 Mar. 15 11 16 32.0 138.6 300 6 7 20 44 42.7 1445 70 5.5
-~ Apr. 12 00 56 33 137 400 6 Apr. 8 05 44 35.5 139.7 110 5.1
May 8 11 46 45.0 149.5 150 6} May 17 01 15 41.6 144.5 80 5.4
June 20 09 33 34.5 138.0 300 6% 28 16 59 35.1.135.8 370 6%
Sept. 5 19 00 29.6 139.8 300 6} " June 20 04 11.42.0 145.0 70" 5.4
1949 Apr. 5 18 27 42,0 131.0 600 63 30 00 52 41.9 142.2 90 5.2
© July 15 08 21 30.2. 139.8 350 6 July 8 09 59 423 131 600 546
* Aug. 18 03 34 42.7 1455 80 6.3 18 01 09 34.4 1358 70 7.0
, Sept. 23 17 12 44.0 134.5 300 6 Aug. 21 19 41 314 .138 300 5-5%
1950 Feb. 22 05 26 46.3 146.5 250 6 23 16 21 40.5 138.0 320 5-5%
‘Feb. 28 19 20 46:0 143.8 320 7% 2% 19 14 32.8 140.1 120 5.3
May 17 20 46 39.4 130.3 600 . 6% Sept. 18 06 46 30} 140  400. 5-5%
July 13 06 26 45.6 144.4 200 . 6 ' 21 05 31 32 138 350 546
July 13 13 03 28.0 1396 500 6% 21 20 12 33.0 142.0 100 5.8
Dec. "7 02 44 32.6 140.5 200 6 v 25 23 59 30.7 137.9 240 5%
' S Oct. 8 Ol 51 44 1413 150 5.4
L . - 2 17 41 34.1 137.8 280 7
II. 1951-1969, Magnitude 5 and greater Nov.. 5 23 ‘10 443 137 300 - 5-53
, ‘ ' , 9 08 29 30.2 139.4 500 536
1951 Jan. 10 23 06 42.1 144.0 80 554 23 00 0z 31 137 “300 5-5%
© Feb. 7 12 38 312 140.4 100 5.8° 24 11 15 28} 139§ 550 6%
Mar. 6 05 11 28.3 129.3 200 7 1953 Feb. 6 22 13 42.0 144.2 80 6.5
11 07 03 4.5 142.3 80 6.0 16 09 07 42.3 142,97 100 5.3
23 13 57 30.3 138.8 350 5% 28 07 03 36.0 137.4 250 5
Apr. 03 55 37.9 142.0° 70 5.5 Apr. 2 03 11 30.0 142.8 80 5.1
' 7-07 54 46.6 142.4-320 6 May 6 00 59 32§ 137 400 -5
17 04 52 31.2 138.0 470 6} : 12 10 37 43.5 141.9 240 5-5%
2513 38 30.2 139.0.-400 5% 18 07 12 34.7 139.7 110 5.4
26 03 30 30.8 130.7 130 5.5 June 9 14 34 30.9 139.8 430 5
“May 4 20 53 44.4 142.2 240 6} " 14 19 30.28 1404 500 546
; 29 10 03 31.5 138.2 -300. 5% 14 21 04 33.5 138.0 320 5
June 6 Ol 57 29.8 131.7 90 6.3 28 23 43 36.1 137.3 250 5%
July 9 10 31 33.0 139.3 180 6 Aug. 8 22 13 42.2 143.2 70 5.2
12 03 21 28.3 139.9 460 7% 28 07 16 43.2 142.5 150 5.8
14 22 18 37.7 141.4 100 5.1 Sept. 12 02 53 32.2 137.8 320 6
Aug. 6 16 28 42.4 138.4 300 -5% © 13 23 47 34 1363 360 5-5%
11 08 00 '45.7 143.5 320 6} < Oct. 1423747 42.8 144.6 90 6.4
. 20 21 58 315 138.7 330 5 © 24 13 23 41.8 144.2 100 5.5
Sept. 22 05 53 34.0 137.2 340 5 28 .07 56 42.2 143.1 .70 5.0
Nov. 16 05 38 33.4 138.5 270 5-5§ Nov. 4 15 05 39.5 129.0 650 ° 6}
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. Year. Date J.S.T. Lat, Long. Depth Mag ,
o . hm -N E km A

Mag.

Year =~ Date - J.S.T. Lat, Lorg. Depth
T ... ... hm R E km
1953 Nov. 17 13 12 36.1 140.0 80 .50 1954 Dec. 8 17 39 323 1381 320 554
B 24 19 00 463 143 ~ 250 5 1955 Jan. 3 10 35 312 140.8 160 6-6} -
Dec, 1 14 08 29.2 128.8 230 7 8 18 00 -31.5 141.6 ii0 5.4
- 20 09 21 39.5 137.0 360 5% 12.16 18 37.3 1415 90 5.0
1954 Jan. 4 02 30 43.1 144.9 100 5.4 14 00 48 32.0 138.0 320 . 5%
‘ 722 38 44.4 138.7 280 5.2 17 11 21 355 140.4 8 57
8 13 13 30.8 141.8 100 5.3 22 03 01 36.4 140.0 130 5.0
17 20 46 36.1 140.1 70 5.7 Feb. 28 04 21 33,2 138.3 320 b5%
 Feb. 4 03 23 44% 149 110 5.6 Mar. 13 08 11 30 140 400 5-54
20 35 23 312 140.5 200 51-5% 26 05 12 38.0 134.9 320 5 ,
26 12 21 44f 1473 120 5.4 .30 10 23 315 138.9 400 5%
"Mar. 8 08 34 37.8 143.9 80 5.4 CApr. 15 23 17 44 148 120 5.1
© 26 19 47 44 147 80 5.7 ' 18 08 20 28} - 140 350 546
27 20 34 44.3 1419 230 6} .30 30 43 31 - 138F 430 553
Apt. 16 19 30 42.6 143.0 100 5.4 May 10- 05 15 40.7 145.6 80 5.4 °
17 21 10 41.8 141.0 120 5.1 18 06 23 3734 1345 . 360 546
2502 33 3¢ 141 90 5.3 31 23 44 42.0 1415 90 5.7
25 03 33 43.1 142.1 140 5.4 June 4 23 39 335 140.6 80 5.3
May -7 11 19 43.1 146.1 - 70 5.2 21 21 40 29.2 140.3 350 6-6%
15 07 39 36.0 137.4 240 7 July 24 20 03 35.7 140.7 70 6.1 _
2313 10 45 150 160 6 . 28 21 00 42.2 143.0 80 " 5.0
June 4 09 45 4334 149 80 5.2 Aug. 31 02 35 28 1393 500 6-6}
"7 06 58 323 140.2. 70 5.5 Sept.” 1 09 28 35.8 137.4 280 .5-5%
11 07 37 29 139 380 - 6} - 18 20 28 140 500 546
15 22 32 474 146F 500 536 . 11 21 16 32 1403 100 5-5%
; 18- 06 11 30§ 134F 500 5-5% - 18 20 32 40 . 129 600 546
26 08 23 29 139 . 430 554 30 04 58 40.1 141.3 100 5.9
July 10 03 28 40.7 139.3 300 6 Oct. 11 08 03 39.0 141.3 90 5.4
Aug. 10 06 24 44.3 146.2 140 554 © 20 02 00 33.0 140.5 160 5%
© 10 14 34 30.2 139.4 430 54-6 Dec}_ 2 23 26 36.3 137.1 280 5%
21 23 41 453 144 300 5-54 -~ 12 18 29 36.6. 140.9 -80 5.1
Sept. ‘2 15 18 35.8 140.2 70 5.0 - 1956 Jah. 1 06 14 41.4 142,00 70 5.3
12 08 57 29% 1394 450 54 - - - 10 00 38 20§ 140 350 5-5§ -
28 01 38 42.4 142.6 80 5.9 . 11 15 39 32.6 139.3 280 5.6
28 02 18 42.5 142.6 80 5.0° 19 16 18 38 135 450 554
Oc¢t.- 219 00 28.3 139.8 450 6 19 17 38 28 140" 500 536
13 09 01 42.8 142.4 160 5.2 Feb. 18 16 34 29.9 138.5 480 7}
13 12 45 32.7 137.3 500 5-54 ' 20 18 20 34.3-:137.0 350 - 5-5%
23 01 29 32 138 320 546 Mar. 17- 20 42 39.9 141.1 90 5.1
23-02 13 319 138.9 320 554 207 11 23 42.6 143.6 80 5.2 .
23 09 45 455 1473 100 5.4 20 07 05 29.6. 137.9 500 6
Nov. 7 23 35 40f 145 70 5 3103 43 39" 145 80 5
9 20 35 42.1 142.4 80 5.0 Apr. 10 01 58 44§ 143 320 554
13 23 46 30.0, 131.8 " 80 5.4 . -17 21 16 30 139 320 55%
19 14 41.2 131.8 600 63 May 2 15 34 28.0 140.5 500 546
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Yéar = Date ' J.S.T. Lat. Long. Depth Mag. -~ . Year Date J.S.T. Lat. Long. Dépth Mag.
h m N E  km ... . . hm N E km.
1956 May 127 18 44 33:4 1389 240 5.4 1957 Nov. 15 -1l 39 37.3 139.0 180 5
© 0 July 15 21 52.28 140 500 6 . - 15 21,01 34.4 140.7 80 5.0
16 03 39 42.2 i42.2 80 5.1 © 17 14 57 473 149 320 6%
24 22 00 304 1384 500 6 - 18 02 55 304 1383 450 536
Sept. 26- 14 04. 31 1413 280 5 : 19 00 13 43.3 1480 80 5.5
, 30 08 20 355 140.2 70 6.2 .-~ 7 20 08 15 32 140 80 5-5§ -
Oct. 4 08 39 38 134 500 5-5% L 23-03 03. 28.9 140.2. 400 5-5%
12 22 21 42.2 1451 70 52 . - Dec. 8 21 16 35, 1423 70 5.6
14 09 3t 36.8 140.9 90 50 = - © . 8-23 41 35% i423 70 5.4
Nov. 4 14 37 356 140.2 80 5.8 o 1203 11 304 142 120 5%
.18 i0 48333 139 - 280 5% o 26 02 11 34 13734 320 5-5%
~ o 21 16 83 383 1421 70 6.1 27 22 03 40.6 142.5 80 5.0
Déc. 19 06 12 356 '139.2 120 5.4 1958 Jan. 12 08 21 45% 143 360 5-5%°
s 19 13 36 283 . 140 450 - 6 23 11 34 4 146 140 6.0
1057 Jan. 3 21 48 433 1313 600 73 ~  Feb. 13°08 31 42.8 1457 70 5.3
- 3 2243 43%F 1313 600 546 o 13 18 32 433 136 360 5-5%
6-14 15 41.9 1421 100 5.2 - 23 18 12 28 1393 450 6.5
13 %1 20 33 1423 160 5% 23 23 15 344 138.0. 300 -55¢
18 07 26 33.0 137.8 360 6 .. 2 20 35 31, 142} 100 5-5%
"Feb. 6 13 38 31 131 8 51. . Mar. 7 05 52 345 137.3 320 5-5%
.13 13 00 44.4 141.0 280 5-5% : 1015 05 43 1454 - 120 5-5%
o Apr.. 2 17 33 30 1373 500 546 ‘ 16 02 33 285 1404 320 5-5%
S 9 09 24 303 138F 450 64 23701 50 33.4 140.4 80 5-5%
9 19 35 304 1384 450 5-5% ~ _Apr. 28 02 17 42.5-143.6 90 53
~ 18-17 28 423 1474 100~ 5 “ May 13 01 49 31 141 160 6.0
1907 13 313 1424 200 5-5§ © - June 2214 29 37.1 135.2 360 5-5%
May 4 10 59 29.8 131.8 70 55§ - 25 10 49 30.2 130.1.100 5.6
13- 11 20 434 - 1354 320 5-54 ~ 27 08 29 317 142; 120 6.1
T .14 00 1§ 32,5 137.8 400 554 - .- 28 07 03 30.4 1387 450 5-53
Juie 18 14 45 41.6 1430 .80 5.2 o, July , 3-21 48 473 1484 450 5-5%
July. 18 21 06 30f 139 400 .6-64 ~ Aug. 5 02 48 44.1 147.2 90 .5-5§
20 23 08 424 145§ 100 ‘5.7 . 17 16 31 44.8 144.5 240 5.3
22 19 16 34.4 136.3 350 5.5 - . 28 03 44 45.2 143.;8 320 5-5%
24 17 05 293 129 240 5.6 " Sept. 2 00 29/ 37.9 134.8 -400 6.2
2 03 31 41.6 142.1 80 .53 - ~ Sept. 8 23 53 33.8 131.9 80 5.7
Aug. 2 02 53 29.8 139.8 400 555 . 29 05 53 36.5 '140.1 120 5.1
- 12-20 19 33.0 140.2 150 5.3 C Oct.- 15 06- 05 33.9 137.0 360. 5.4
22 00 34 44.3 147.0 100 5.6 ' 28 03 17 433 148 .80 5.4
29 08 14 208 1393 450 554 . - Nov. 7 07 58 44.3 148.5 - 80 8-8}
“ Sept. 16 09, 07 35.0 140.5 80 5.0 Y7 08 34 441 1485 100 5-5%
18 03 44 30 .139% 450 5-5% 709 02 44 1484 100 5-5%
28 03 47 333 1363 360 5-5% - 7 09 36 43.9 148.4 100 5.7
28709 27 31 138 450 6 -7 10 13 443 149 100 536
Oct. 20 06 42 443 1463 120 6.2 7 10 43 44 149 100 6.1
© 31 11 36 37.6 140.8 80 5.8 710 55 44 © 149 © 100 6.1
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Year ~Date J.S.T. Lat. -Long. Depth Mag. * Year. Date J.S.T. Lat. Long. Depth Mag.
‘ . h m- . . E. km R h m N E km
1958 Nov. 7 11 10 433 149 100 5.8 . 1958 Dec. 1 23 15 433 149 80 5-53
7 11 17 44 149 80 546 3 18 30 304 139 400 5-5%
T.7 11 38 43 1484 80 5-5% 4 01 01 29.0 138.2 500 546
7-11 50 445 1494 80 536 B 8 20 42 43§ 149§ 80 5-53
7 12 27 44 1483 100 554 ° 8 21 08 433 - 149 80 6.0 .
7 13 19 434 149 100 5-5% 10 16 21 32.8 138.8 280 5.7
7 13 59 44} 1493 100" 6.1 15 02 52 33.9 141.7 80 5-5%
714 47 443 149 100. 5-5% 15 20° 46 44 - 149% .80 5-6}
7 15 25 443 149 100 5-53 16 11 32 433 149 80 5-5%
7 16 40 43.7 148.7 100 5.9 1717 57 32F 1373 400 6.2
719 27 43.6 148.7 80 554 © 1959 Jan. 6 19 39 293 ‘141 400 5-54
7.19 29 43.4 1487 -80 546 = ©12 23,16 43.7 146.2 100 5.4
7 20 09 445 1483 100 5-5% 13 23 32 .43 1494 80 55%
720 24 4 148 100 546 ' 20 17 19 35 136} 340 554
723 15 44 1484 80 55f 24 14 08 37.4 141.2 80 6.1
723 24 4 149 80 546 27 05 04 37.5 134.9 280 55% -
804 14 43F '149F 80 546 28 22 59 29 | 1384 550 546
8 05 41 44 1485 80 5-5% Feb. 18 21 05 42.1 143.3 70 5.2 -
L § 21 08 440 1488 100 58 © 25 20 19 283 139 550 ' 6-64
~ 9 12 14 43.9 148.9 80 546 - "Mar. 5 08 00 37.6 138.7 200 5.7 °
' 9 23 33 434 1485 80 5-5% - "5 14 04 44 - 149 80 5-5§
10 02 52 43.6 148.6 100 546 523 09 433 147F 80 5.4
10 06 04 43.8 148.4 100 536 - 18 16 26 36.7 141.1 80 5.8
11 22 45 44 1483 80 6.0. 20 12 21 36.6 141.2 ‘80 5.1
. (12 21 38 44 148 80 .5-5% . " .30 04 09. 45 0 1373 300 ’ 5_5%
1302 44 44 148 80 5-5p " Apr. 21 19° 57 33.5 141.1 80 5-5%
13 07 59 443 149 80 5-85%- ‘ 29 07 00 349 140.7 70 5.3
o 1311 56 434 148 80 5.8 May 10 08 57 44} 1493 - 80 5-5%
13 13 04 43.6 148.2 80 -6.3 10 18 44 48% 148% 360 5-5%
13 14 09 44 149 80 5-5% 20 20 26 32.6 136.9 450 6.1
~13 14 59 43} 138F 120 5.4 21 04. 35 44.3 149.6 70 . 54-6
14 03 34 43.8 148.4 80 5.7 27 13 51 32.8 142.7 100 5-53
14 14 34 440 149.0 70 6.1 June 3 20 40 32§ 137 360 ' 5-5%
15 18 00 433 148.3 70 6.2° ' 26 14 03 443 141} 280 5-5%
16 13 47 434 149 80 5-54 2617 35 31 139 380 554
17 06 12 44.0 148.2 80" 5-5% July 24 11 44 .43.3 147.2 110 5-5%
17 06 46 28} 139§ .500 '53-6 S 26 06 20 36.8 140.5 80. 5.5
19 03 33 44 1494 80 554 Aug. 12 00 24 44,1 148.7 70 . 546
19 10 45 42.1 142.5 80 5-5% Oct. 11 18 33 41.5 142.1 70: 5.2
19 18 23 43.8 149.1 100 6 15 16 40 44 149 80 554
20 23 18 44.2 1499 80 546 2923 30 43 131 550 6.5
21 10 41 47 148} 320 ‘5-5% Nov. 5 23 59 30} 129} 240 5.6
2 18 13 443 1494 80 554 - Dec. 7 14 15 32.2 140.4 120 5-54
30 10 32 324 1423 160 6.0 1960 Jan. 14 19 25 36.0 140.1 80 5.9
30 10 55 324 143 54-6 ©0 22 11 14 423 143.2 70 5.2
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Year Date J. S.T..Lat.’ Long. Depth- Mag. “Year Date J.S.T. Lat. ‘Lbng. Depth Mag.
. h m N E km ; : "~h m- N E km
1960 Feb. 1 11 41 353 140.2 70 5.1 1961 June 10 00 43 30.6 140.6 320 5.1
N 9 20 09 46.1 143.8 300 5.3 ' © 25 11 29 40.7 1445 80 5.0
o Mar. 4 12 53-30.9 130.7 140 6.2 CJuly 1900 16 29.4 1317 100 5-54
Apr. 3 14 10 28 - 1394 '550. 5.8 19 01 20 29.5 131.7. 80 5-53
© 15 2038 40.9 141.6 80 5.9 19 19 36 29.3 1316 100 554
18 17 07 283 140 450 6.2 " 19 20 58 29.5 131.5 100 5-5%
25 13 0l 454 144F 360 5.4 Aug. 12 00 51, 42.9.145.6. 80 - 7.0
May 4 07 22 32.4 140.2 120 5.6 17 00 53 33.9 137.6 360 5.7
’ 6 02 13 42.7 144.4 100 5.0 18 06 16 454 149.8 120 6.4
9 09 11 '29.8 129.8 160° 5.6 19 11 42 42,9 145.6. 100 5.4
11 08 .17 33.9 131.9-- 80 5.4 Sept. 4 12 17 30.5. 139.4 450 5.3
15 02 43.42.7 142.4 90 5.1 © 9 18 16 33.9 139.9 160 5.1 -
18 15 35 29 130 100 6.4 25 06 41 33.6 141.7 80 5.6
-+ 2518 03 32.7 137.7 330 5.0 . Oct. 24 16 25 44.3 147.5 120 554
June 17 07 43 '34f 136} 370 553 - ° Nov. 14 19 02 35.5 130.4 160. 5.4 -
20 02 17 284 143 200 5.8 Dec. 2 05 17 28.7 142.2 80 5.1
21 02 46 283 130 80 5-54 T4 04 55 43.3 135.2 400 5.1
: 29 14 14 30 139 500 5.6 13 0806 42.9 146.7 80 5.7
July 2 21 44 413 132 550 5.6 24 04 11 34.7 138.4 240 5.2
13 1130 423 1437 120 5.3 24 15 50 43.1 144.5 120 5.4
Aug. 6 12 05 28 140 © 500 5.7 . 1962 Jan.- 4 13 16 351 130.3 160 5.5
19 05 47 444 1473 120 5.8 - 12 23 43 30.5 141.8 120 5.0
Sept. 14 12,49 30 1384 450 5.7 14 22 34 44.4 1410 280 5.7
Oct.. 2 -00 58 339 137.5 340 5.0 22 02 53 42.8 145.3 200 5.3
419 45 36.3 137.7 220 5.1 ; 26 14 22 32.2 138.5- 360 * 5.7
8 14 53 40 130 650 7.2 . Feb. 6 07 55 35.9. 139.3 120 5.9
-9 18 00. 40,8 "141.4 100 - 6.8 . 13 02 26 34.0 138.3 280 5.4
922 07 405 1294 600 555 16 08 40 32.3 138.3 450 5.7
Nov. 5 09 51 30.4 131.4 8 51 . 21 01 05 428 145.2 80 6.2
26 06 54 38.1 140.8 100 5.9 ~ 28 16 19 32.0 139.7 80 5.0
28 00 17 42.6 143.6 110 5.3 Mar. 12 11 40 37.5 136.1 360 5.0
Dec. 18 16 35 36.8 1411 80 5.0 Apr. 11 08 54 37.6 1355 320 5.3
1961 Jan. ‘15 20 53 39.6 143.3 ‘80 5.8 16 22 20 30.5 141.1_100 5.9
" 23 13 48 43.3 146.4 120 5.9 23 04 15 32.2 130.9 160 5.4
Feb. 5 08 59 44.5 149.1 120 5-5% ‘May .8 02 39 45.2 148.6 120 _ 6.8
8 06 Ol' 43.5 147.2 100 - 5.6 ‘ 15 12 34 36.2 141.8 120 5.1
1115 12 29.0 139.8 450 5.8 © June 22-20 48 32.3 142.5 200 5.3
13 06 53 43.2 147.9 80 6.6 July 15 15 47 39.5 141.3 100 5.7
16 17 55 33.7 137.6 320 5.4 Aug. 9 19 43 28.6°129.6 160 5.7
" Mar. 7 11 48 29.1 139.6 360 5.3 27 11 18 40.2 137.8 200 5.4
© 20 20 38 46.1 143.5 360 5.6 Sept. 8 20 55 30.8 140.4 160 5.1 .
29° 15 43 33.6 141.1 100 5.0 19 09 07 41.7 133.6 500 5.1
. Apr. 9 04°18 37.9 140.7 120 5.2 Oct. 4 05 14 37.5 138.7 200 5.0
20 01 12 43.4 148.2 80 .6.0 - 17 21 39 33.3 -138.0 320 5.6
30. 20 15 44.3 150.0 - 100 10 10 33 43.2 147.6 100 6.1
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Year Date J.S.T. Lat. Long. Depth Mag. Year Date - J.S. T. Lat.. Long. Depth Mag.
C , hm N . E km -~ h m N .E km
1962 Dec. 7 23 03 20.2 139.6 400 6.8 1964 Oct. . 9 21 43 28.0 140.1 360 5.1 .
h 12 09 03 33.3 136.3 400 5.8 ~ "Nov. 3 Il 05 348 140.6 100 5.2
1963 Jan. 9 00 46 31.2 130.5 160 5.6 12 14 16 46.3 147,1 360 5.0
o © 18 12 12 33.2 '136.0 450 6.1 13 04 57 42.0 142.7 80 5.1
Feb. 11 06 35 43.8 148.0 100 5.5 Dec. 12 01 04 39.4 130.5 500 5.6
19 06 .54 33.7 138.2 320 5.0 ' 18 03 48 31.6 138.3 400 5.0
21 01 45 38.5 139.1 200 5.2 29 12 30 38.0 1440 .80 5.1
‘ 21 .11 33 33.4 139.6 160 5.1 ’ 31 00 27 31.4 139.5 280 5.9.
Mar.. 4 07 59 30.8 137.6 500 5.3 1965 Jan. 4 06 53 30.7 129.8 240 5.0
11 23 227 31.4 139.2 400 5.1 . 12 05 15 42.7 139.4 200 5.1
27 04 47 43.7 147.7 120 5.7 14 10 33 29.8 129.7 160 5.1
27 07 36 34.0 140.0 100 - 5.2 .26 10 53 33.9 136.5 360 ‘5.2
Apr. 1 13 28 44.7 141.6 280 6.1 27 08 47 .36.0 139.8 80 5.4
25 20.19 31.7 140.8 80 5.0 " Mar. 3 06 36 28.3 139.7 500 .5.8
May -5 20 04 32.7 140.2 100 5.0 ' 19 20 52 40.7 143.3 80 5.1
June 20 09 55 36.1 144.8 100 5.1 21 21 41 36.3 137.0 280 5.3
July 13- 08 41 33.5 142.1 80 5.2 30 21 10 359 135.5 360 5.6
Aug. 15 11 17 28.0 140.3 500 5.4 Apr. 9 23 33 34.0 137.9 400 5.3
17 20 12 30.4 131.1, 80 6.2 v 13 05 41 30.1 138.9 450 5.9
18 16 09 35.8 139.6° 160 5.4 May 1404 23 32.9 1385 320 5.4
Oct. 18 14 16 42.6 141.7 100 5.0 ; 31 17 38 358 139.9 120 5.5
Nov. 19~ 13 37 40.2 129.3 500 5.0 " June 4 05 30 43.6 '145.5 160 5.0
A ‘24 20 05 28.4 141.0 240 5.7 24 13 48 35.4 1355 360 5.6
Dec. 6 12 16 43.4 135.8 400 - 5.2 July 8 06 38 32,8 139.1 240 5.8
11. 18 22 31.3 139.6 -160 5.0 27 01 17 30.0 139.7 400 5.5
16\20 091475.,7 142.3 280 .5.4 ‘A,ug. 2 00 02 46.6 144. 1 400 5.8
©20 13 09 44.6 146.5 200 5.1 7 03 15 41.4 1312 560 5.8,
1964 Jan. 25 02 17 391 129.7 500 6.0 13 22 29 458 146.6 360 5.1 -
"Feb. 23 01 04 30.1 139.5 400 5.3 20 04 47 30.3 138.9 450 5.6
25 05 56 30.6 138.1 500 5.1 T .28 03 22 44.2 148.6 160 5.3
25 13 04 32.2 138.1 360 5.3 Sept. 11 00 01 42.7 143.7 120 5.1
Mar. 16 17 44 44:2 147.3 160 5.9 14 18 00 34.8 141.8 80 5.3
May 7 20 11 30.6 138.1 450 6.3 21 02 03 356 142.6 80 5.0 .
22708 10 44.2 149.9 120 5.2 .21 10 38 28.6 128.6 240 6.2
- 23 20 22 286 140.2 450 5.3 Oct. 9 22 23 344 141.3 80 .5.2
June 21 03 32 33.0 138.0 320 5.1 | 226 07 34 43.7 145.5 '160 . 6.8
23 10 26 43.0 146.5 80 6.9 28 07 40 45.8 143.0.320 5.3
“July 105 08 46.0° 145.0 360 -6.3 ° © Nov. 27 /17 42.32.8 141.3 100 5.4
2 07 46 31.7 139.8 280 = 5.4 ‘ 29 1800 44.4 146.7 200 5.4
9 21 02 342 141.1 80 5.4° Dec. 6 16 55 43.4 134.5 500 5.5
CAug. 1 05 43 46.9 -148.4 400 5.1 . . . 29 05 32 28.1 142.9 200 6.1
-~ 6 11 33 30.9 130.3 160 -5.4 1966 Jan. 2 13 04 31.3 138.7 400 5.4
.8 23 59 31.7 140.7 100 5.7 " Feb. 9 23 44 37:2 135.2 .360 5.3
. 26 14 40 46.8 148.5 280 5.4 710 .14 28 30.9 143.6 160 5.7
_Sept. 20 23 36-30.1 138.7 450 5.8 143.3 240 5.5

19 04 02 44.2
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. Year Daté;, J.S. T. -at.’ Long. Dépth Mag. - Year Date ' J.S.T. Lat. Long. Depth Mag.
o ‘hm © N E km -~ = : hm N ~E km
1966 Feb. 28. 11 02 43.6 139.8 240 5.8 1968 Jan. 23 03 35 .31.6 138.7 420 5.4
‘Mar. 10 13 26 32.3 137.9 400- 6.1 . Feb. 25 19 25 452 142.2 300 5.6
May 2.03 30 310 141.1 80 5.0 28 21 08 32:9-137.9 340 6.6
June 9 10 57 42,4 146.2 200 5 ~Apr. 14 17 37 33.1 142.2 80 5.4
10 00 39 43.9 147.6 120 5.6 " May 16: 10 04 40.9 144.5 80 6-6%
15 06 03 30.9 139.1 450 5.7 16 20 57 40.7 1440 80 5
23 14 0l 43.6 140.3 240 5.7 , 18 02 27 41.4 1429 80 5.1
30 17 59 43.2 132.6 500 5.6 - © .19 13 12 354 1424 90 5.9
Aug. ‘5 13 26 44.3 141.0 240 ‘52 20 12 16 40.1 1442 70 5.6
13 04722 34.0 137.6 320 5.4 .- 29-19 03 361 140.4 80 5.1 .
7 20 18 32 43.0 140.8 160 5% - June 20 03 03- 40,3 143.7 70 5.0
Sept. 10 11 27 46.0 144.3 360 = 5% T 22 10 12 40.3 143.9 70 5.9
Nov. 1 16 01 43.1 143.4 120 5.6 ' 22 20 07 34.4 1355 380 5-5%
2 09 21 31.0 131.3 80 5.0 , July 4 09 34 34,8 139.8 100 5.1
22 15 29 47.6 147.8 500 6.5 18 20 20 40.3 143.9° 70 5.1
Dec. .2 03 56 41.5 140.1 160 58 . = .22 09 13 42.2 1425 80 55
7 15 50 32.9 138.4 320 5 23 07 33 30.7 139.6 460 5.5
' 1967 Feb. 3 01 24 41.5 140.0 180 . 5.9 © Aug. 7 17 00 43.0 1450 8 5.8
' Mar. 6 13 40 30.8 138.0 480 6.1 - Sept. 3 16 01 37.9 141.8 8 55
12 11 52 426 143.3 110 5.5 7 04 22 30.9 132.0 70 5.5
v 19 02 49 .36.3 140.1° 80 5.4 T8 11 02 45.3 142.8 320 5.4
Apr. 4 18.06 33.2 137.5 340 546 21 22 05 42.0 142.8 80 6.8
"8 04 39 46.8 145.9 300 5.1 Oct. 7 04 40 31.5 140.4 90 5.2
16 08 35 41.9 ‘142.4. 80 5.1 8 09 50. 35.5 140:2 "70 5.3,
May - 9 20 00 44.6 140.7 260 5.3 20 21 22 40.4 144.4 100 5%
19 08 39-30.7 131.0 70 5.4 Nov. 12 17 57 41.2 144.2 70 5.4
26 03 52 45,6 143.0 360 5.4 1510 47 41.6 142.8 80 5.2
30 06 01 43.1 1459 90 5.6 1969 Jan. 19 16 02 44.6 143.5 260 7.1~
June 25 23 26 33.1 138.4 320 5.1 - - Mar. 8 19 20 41.3 139.9 190 5.5
July 2 16 38 32.8 142.1 80 . 5.0 17 00 54 38.5 143.0 70 6.0
03 05 34 31.2 130.6 120 5.2 ‘Apr. 1 04 25 38.6 134.6 420 6.9
5 08 42 43.1 142.6 170 6.2 9 21 57 36.8 139.8 100 5.7
7 08 16 32.6 131.2 150 5.0 10 23 15 36.1 135.3 340 5-5%
9 04 18 37.7 143.9 80 5.0 10 23 54 42 131 550 5.9
9 12 09 43.5 144.6 150 5.1 17 13 56 39.6 143.8 70 5.6
‘Aug. 2 09 44 44.2 146.9 130 5.7 May 15 10 56 34.9 140.1 70 5.0
"12-13 30 38.3 142.1 70 5.4 16 15 56 33.0 136.9 400 5.5
14 05 06 35.5 135.5 360 * 6.7 June 20 15 41 38.4 142.2 70 56
24 12 21 43.3 MU7.7 70 5.2 2410 21 313 1383 400 5.4
Sept. 2 07 42 44.1 147.2 150 5.7 July 28 22 03 30.5 1326 80 5.0
' 19 19 56 42.8-145.6 90 6.2 ‘Aug. 6 03 34 37.4 140.8 110 5.1
.20 '09 32 35.9 140.2 80 5.2 17.20 54 42.6 141.5 140 6.0
Oct.. 23 17 27 29.0 139.7- 480 5.9 S 25 07 03 39.7 144.6 80 5.4
Nov. 10 03 19 355 140.2 80 5.3 Sept. 7 09 23 33.6 131.8 100 5.4
28 11 36.32.1 130.9 130 6

i
=}

Oct. 15 05 39. 37.9 135.2 360 5.5
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Year Date J.S.T. Lat. -Long. Depth Mag. ~ - Year Dafe J.S.T. Lat, Long. Depth Mag.
~hm N E km S , hm N E km

1969 Oct. 18 10 13 39.2 141.7 130 5.8 - 1969 Dec. 4 17 50 40.7 144.8 70 5.7

T <30 09 05 37.5 140.2 160 5.5 11 09 53 30.2 137.0 320 5%

~Nov. 1 20 20 358 135.4 340 5.2 13 12 40 33.9 137.0 360 5.2

.4 17 50 33.8 137.3 340 5.7 18 22 32 46.0 142.7 360 6.7.

19 17 45 134.5° 460 5.4 ' ' ]

1.S.T.=G.M.T:+49,

Mag.=Mgar

. #
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