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§1. Introduction

In the statistical discussions”'®-**» of regional earthquake generat-
ing stress based on the first motion studies, average orientation of some
axes of tectonic significance is obtained visually or analytically from
fault plane solutions of individual earthquakes in the region. This me-
thod is applicable to large earthquakes for which enough data assure
the uniqueness of the individual solutions. For small earthquakes
without sufficient data, however, the individual solutions may be biased
according to arbitrary or prejudiced presumptions of the investigators.
Thus, it is not impossible that the averaged solution may be but an
averaged presumption rather than an averaged observation.

An alternative method®” for investigating an average stress pat-
tern is to determine a single solution for a group of earthquakes by the
superposition of the distribution of first motions regarded as if they
were coming from a single earthquake. In the present paper, we shall
follow this line of approach and obtain averaged radiation patterns for
earthquakes with magnitudes down to 4.5 occurring in various parts of
Japan in the years 1961 to 1963. We believe that our method minimizes
the biasing mentioned above, and determines a short-term average gene-
rating-stress pattern objectively.

Such a method applicable to small earthquakes is usefull in a de-

1) H. HonNDa, Geophys. Notes, 15 (1962), Supplement.

2) M. ICHIKAWA, Geophys. Mag., 30 (1960), 355-403.

8) J. H. HopasoN, Bull. Geol. Soc. Am., 68 (1957), 611-644.

4) H. D. FARA and A. E. SCHEIDEGGER, Bull. Seis. Soc. Am., 53 (1963), 811-816.

5) A. R. RitsemMa, Publ. Dominion Obs. Ottawa, 24 (1960), 355-358.

6) B. GUTENBERG, Bull. Seis. Soc. Am., 31 (1941), 263-302.

7) T. HAGIWARA, S. MURAUCHI and J. YAMADA, Sp. Rep. Earthq. Res. Inst., No. 5
(1947), 164.




(panurjuod agq 03)

a8 11 vy 08 8G°0VT 68768 L720°78:83 ¥ Aog | 1961 g
65 391 o1 Ly 83 83 TVl 16798 ¥°12:00:90 G5 A= | €961
63 01 gy €3 8T 171 66°9¢ 9°8G:67:61 €3 ABIN | €961
65 01 9y 71 or' 71 Gv'98 ¢ 8I:LG: 1T sl ARl | €961
6% Ve 1°9 91 8% Tv1 0798 L'80:32-61 8 A°IL | €961
63 LT Vg 14 61" 171 G698 ¥°01:00:€T T2 SIBI | 96T
i 01 6’V oy LS9 L0°L8 £°96:85:20 6 80y | 3961
L3 8 8V 14 6T T7T ¥0°28 0°87:83:€1 85 aung | Z96T
L3 L 97y 67 80 171 80°L8 6'¥7:87:90 T aunf | 3961
L3 4 9V ST 9 V1 91°L8 9°V1:18:€8 61 9 | 1961
L3 1T 1°¢ 6y [4<pige G0°L8 V66881 03 'AON | T961
Lg g gy ¥9 G6°071 £8°9¢ G'68:60:81 S 1dag | 1961
L3 8 - 76 OT" IVl 19°9¢ 866 V1 80 ¥ Anp | 1961
L3 8 ¥'g 8¢ ¢§. TV 68°9¢ L°61:01:60 08 eIy | T961
L3 L €°g 6¥ 96" 171 €9°9¢ T1°L7:81:81 6T “IelN | T96T
L3 L V'S 144 ST IVL 8898 V'ev:18:28 8 ‘a0 | 1961
L3 L §'G 6¥ 99" V1 L0°L8 6°9V:¥E€ L0 12 ‘uBp | 1961
5 L3 L 'S L L9191 96798 G°60:77:€8 91 uef o 1961 ¥
< L3 [4y L - 99 TT°T9 G768 1°67:90:20 0% Lop | 3961
v 13 11 - ¥0T 62" V1 19768 §'85:Ly:9T ar Ange | 3961
L3 L - 68T 6L OV 36°LE G'68:81:70 6 2dy | 1961
L3 L - 93 11171 7688 ¥ 0p:21:81 6 TR | T96T g
L3 8¢ 8 6’7 07 LEov1 Gy '8¢ T°16:1¢:60 g 1dy | €961
L3 11 8'¥ oy 807GV 96 Lg G LY:8I:L0 €S 30 | 3961
L2 (1) L'y 99 L6° TV 65'8¢ ¥'67:E1:90 ST 100 | 2961
L3 L 6y i Y0°gr1 G668 9'60:19:61 08 Ang | 3961
L3 8 Sy 0 oL V1 Ly Lg 9'97:0V: 71 63 0o | 1961
12 6 0°S 99 86 TVT V6 LE V'vv:09:90 a1 1deg | 1961
1a 01 0°g 08 6L°1VT 8L°88 6°L0°83:61 13 LB | 1961 4
62 98 8 v'G 69 144! 6V 1v ¢'L0:60:12 LT LBy | €961
62 91 €9 VL 05°2yT 00°av 9'61:66:81 12 09 | 2961
62 9 0°g 89 (4 ax44q! 8617 T TP 96 L1 133 JAON | 2961
63 9 67 g8 S1°gvl 01°2v 9°61:20:8T L ‘3uy | 1961 T
(uy) (eore :ummv_ [md-ysnd ° . .
pny | (woy) (*39p) (*39p) (ISP
msnin | Tmor | zoquuny | ST | wde@ | epnuSuor | opmuwr | own msmo | Q| WHOR | WX | wory

448

‘seyenbylIes Jo ST

‘T 9l9BL




449

Farthquake Generating Stress in Japan

(penunuod aq 031)

L8 9 — 181 69861 LT°LE 6 09 | 96T
143 148 - 168 60881 V€66 LT 190 | 2961
L8 g - S08 L8 LEL 18748 9 Ae] | 2961
L8 8 - 103 16°8€1 €878 i e | 1961
149 4! — 398 9" LET 08°€¢ 91 Qe 1961 6
LE 69 0T 9V 6 ¢1°6€1 Lv'G€ 18 09 | G961
L8 0T 97 0 96" 681 ¥6°6¢ 9L 09 | 1961
LE 8 vy 0 86681 ¥6'6¢ 18 09 | T96T
LS Gl 0§ g 9T'6ET 9y ¢eg 4 pdag | T96T
LE ST 6'¥ ¢l T0°6€T 16°6¢ LT ‘9o | T96T
LS 9 — 1T GL'8E1 8G°G¢ (4 ‘uef | T96T 8
L8 8% (44 — L1T 08" 6€T 83°G¢ 9 ‘49,1 G961
I8 o | — | g 83 6ET 10°G¢ y wsp | gog
Le 18 - 841 87681 1Y 4! AON [ T96T L
&8 181 11 L'y 99 78 6€1 61°9¢ 144 e €961
14y ST L4 1L iyt 16768 1T ‘uer | g961
14y St 4] 0¢ Ly OVt 6°68 6 ‘AON G961
44 8 - 0L ST OVL 16°6¢ 44 190 | 8961
14 14 8V TL 93" 681 80°9¢ qT Ao 96T
44 6 1°¢ 0§ ¥6°68T 81°9¢ €6 2dy | 3961
88 8 — 02T 18661 9098 08 ‘uve | Z961
49 g 9y Q@9 11°0¥1T 61798 VT ydog | 1961
14 1T — 18 LT OVL 08°G¢ € "3deg T961
143 9 L'y ag 06° 68T €0°9¢ 4t Amop T961
148 LT - 1L YLOVT gL GE i sunp | 1961
148 8 — 6. ¥ 0Vl LL"SE 8 aunp 1961
44 9 87 68 SL° 68T G6°GE 98 ‘qdd | T961 9
43 0L L 6’y 98 80°TPT 07°Ge 66 AN | €961
43 6 8V 9L L6°0V1 ¥9°¢e ST “AON | G961
43 (44 8°G ¥E €0°T¥v1 03°68 71 'AON | 2961
49 L L'y L9 80°Tv1 19°68 6 ‘P | 6961
43 8 Sy 8¢ 09°07L yL°GE 9T ‘uep 3961
148 9 0°¢ 9 197071 39°G8 6% "AON | T961
(uy)  |(eoxe yowo) ud-ysnd | ) )
pny | () (*3ap) (*39p) (LSD) o1 womw | 1es 2ol
mwmmmm% .HW.MMM: nwnmmzz -uSepy | yadeq | epmyiSuor epnmey | ewn wigug | ¥Ed | UIUIOW A v
(penurjuod)




63 78 11 l £81 G€°0¢T 90°1§ 6 ‘wer | g961

63 6T — 981 8L'061 y1°26 83 ady | g96T

62 01T 0'9 <01 GG 161 G96°18 L3 'AON | T96T 91

65 474 L v'G (4 L6161 L9°18 ST 100 | 2961

63 01 V'S 8¢ 00°26T 07°%¢ 18 Ane | 3961

62 92 0L 16 TL°TET L9°1¢ 13 qed | 1961 ST

49 69 8 'y 6 88761 G968 6 ‘UBL | €961

49 el 9'v 69 30°GET 8L°€E 8 1deg | 3961

4 0T vy 8¢ 30" GET €8°6¢ 4 Anp | 2961

4 91 6°V 29 60°GET ¥L'6¢ 12 SIBIN | 2961

49 g1 ¢V St 90°GET 88°6¢ T 1deg | 1961 4t

%8 69 6 L'y 81 98°'PET €4°76 93 ady | 2961

(49 143 97 82 67 761 ¥0°G8 g1 190 | 1961

149 at (] 14! T16°VET 006§ L LBl | 1961

(49 V3 6°9 4! 66 V6T ¥0°G6 L e | T961

4 8 ¢y L 06761 00°6¢ 81 ady | 1961

49 ¥ §'v 62 2§ Vel a8'Ve ol ady | 1961 3¢
— (44 €8 01 [ 0 8L GET 6L°G8 82 CIBL 6901
[ ot ST &g 03 8L 66T 8L°GE L3 I €961
< a6 L1 [ 0 08461 08°G6 L3 LI €96T
] (49 i 6'9 9 8L GET 18°6¢ L3 U | €961 sl

LE 6S 4 87 ST 67961 3L 98 1T Ay | 8961

Le g gy 9 V1°LET 09°6¢ T ady | 2961

Lg L vy € 09°9¢1 0L°6¢ g BN | G961

Le €l (] 0 LERYY! 10°9¢ 61 sny | 1961

L8 g 9’V 0 18°9¢T 66°G¢ 61 80y | TS6T

LE L3 0L 0 VL 96T 80°9¢ 61 9y | 1961 11

119 65 6T §'g 0 TL°LET 08°9¢ 6 O | 96T

LE 01 L'y 0t LL°LET 69°6¢ G ounp | g96I1

Lg IT 8V 0 V6 LET ST°9¢ Le Ao | 2961

L8 g - iz 6&°8¢l 00°6¢ 14 390 | T96T

LE 8 6V 0 G9°LET 16798 6T 6oy | 1961

LS 9 - 0 36881 ¥§°G8 9 A | 1961 )8

(44 €9 8T - VLY ¥6°GET €666 ST uef | €961

_ .
(wy) (eoae yowd) [[nd-ysnd ° . .
pny | (W) (‘39p) (*3ap) (I81) ;
SSOU Il 6]
—Swﬁwwp .N_MWM: 10 n.wmsz -lusel | yde( opnyLduoy opnjne aw} ULSLI) S1e( | WU | TR velv

8 o - T o (ponuguod)




Earthquake Generating Stress in Japan 451

tailed study of the distribution of earthquake generating stress in space
and time, and may be most effectively used for processing miecro-earth-
quake data in a research related to prediction of large earthquakes.

§2. Data

The source of data used in the present investigation is the Monthly
Seismological Bulletins of the Japan Meteorological Agency (JMA) over
a 30 month’s period from January 1961 to June 1963. First, we selected
earthquakes for which enough ¢p readings are reported to permit a re-
liable redetermination, on the basis of a revised crust-mantle structure,
of focal depths and epicentres. We omitted earthquakes which are
located in the ocean beyond 100km from the coast, and those located
to the east of Hokkaido or south of Kyushu, because of their greater

142°
|

................

................

excludes thaliow shocks

138°

36°

Fig. 1. Map of the area of earthquake group. The radiation patterns of first
motions from earthquakes which occurred within each area are superposed and
smoothed as shown in Fig. 4 through Fig. 19.
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uncertainty in focal depth and also of poor azimuthal coverage of sta-
tions around the epicentre. The largest earthquake omitted by such a
criterion is the one which occurred in the ocean to the south-east of
Hokkaido (M=7.0) on April 23, 1962.

Redetermined hypocentres are plotted on a map and divided into 16
groups according to their positions. A few earthquakes are omitted in
this grouping, because of their isolated locations. The list of grouped
earthquakes is shown in Table 1, and the area of each group is indicated
on a map in Fig. 1.

Table 1 lists the origin time, epicentre and focal depth redetermined
by the method described in the next section, and the magnitude of
earthquake determined by JMA. The number of stations reporting the
sign of ¢p is also shown for each earthquake and for each group of
earthquakes. The total number of earthquakes listed is 100, and the
total number of the signs of ip is 1065. These numbers are distributed
over the earthquake magnitude range from 4.3 to 7.0 in such a manner
as shown Table 2. We see that more than 809 of first motion data

Table 2. Distribution of numbers of earthquakes
and push-pulls used in the analysis.

Number Number
Magnitude of o
’ earthquakes push-pulls
4.0-4.9 45 377
5.0-5.9 25 286
6.0-6.9 4 93
7.0 2 52
unknown 24 257
Total 100 1065

are from earthquakes with magnitudes smaller than 6.0.

Major earthquakes in our list are the Hyuganada earthquake (M=1.0)
of Feb. 27, 1961, the Kitamino earthquake (M=17.0) of Aug. 19, 1961
and the Echizenmisaki earthquake (M=6.9) of March 27, 1963. All the
other earthquakes in our list have magnitudes smaller than 6.4. No
earthquakes with magnitude greater than 7.0 took place in Japan during
the 30 month’s period.
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§ 3. Determination of the emergence angle

Determination of the emergence angle of the ray at an earthquake
focus for waves which show up as the first arrival at a local station
critically depends on the focal depth and the crust-mantle structure in
the area.®® In the present paper, we determined the focal depth on
the basis of the best available crust-mantle model using the arrival
times of ip reported in the Seismological Bulletins of JMA. The
emergence angles are computed by the use of the revised focal depth
and crust-mantle structure. All these computations are made by a pro-
gram'® designed by the present writer for IBM 7090.

The wave medium in our computer program consists of a crust with
velocity ditribution wv=wv,(r/r)* and upper mantle with veloecity distri-
bution v=wv,(r/r,)*, where 7 is the distance from the earth’s centre. As
shown in a previous paper,” the parameters for the crust are deter-
mined to agree with the observed arrival times of P waves from the
artificial explosions, and those for the upper mantle which fit the Jeff-
reys-Bullen travel times. We used the following values for all our
earthquakes,

v,=5.78 km/sec ,
r,=6356.8km ,
2, =—24.4,
v,=7.75 km/sec ,
2,——2.3.

Different values of ecrustal thickness, r,—7,, are used for different
earthquakes, according to the position of epicentre and the distribution
of relevant stations on a map of crustal thickness obtained from the
phase velocity of Rayleigh waves.” The crustal thickness adopted for
each earthquake is listed in the last column of Table 1.

The computer output includes, among others, the azimuth to each
station, the emergence angle e, and tan {(z/2—|e]}/2} for use in the
projection of the focal sphere. The signs of first motions on the upper
focal hemi-sphere of each earthquake are plotted by the stereographic

8) K. WADATI, Geophys. Mag., 1 (1927), 89-96.

9) H. KawasuMi, Bull. Earthq. Res. Inst., 12 (1934), 660-705.
10) K. AX1, Bull. Earthq. Res. Inst., 43 (1965), 15-22.

11) K. Ax1, Bull. Earthq. Res. Inst., 43 (1965), 23-38.

12) K. KamiNuMA, Bull. Earthg. Res. Inst., 42 (1964), 19-38.




454 K. Akr

projection (Wulff’s net). The station for which the emergence angle is
negative (ray leaves from the focus toward the centre of the earth) is
plotted in the opposite azimuth, assuming that the radiation pattern is
symmetric with respect to the focal point. The plot of the first motions
is, then, superposed for all the earthquakes belonging to each group.

§4. Smoothing on the focal sphere

The distribution of signs of first motions superposed on a focal
hemi-sphere is smoothed and normalized by the following procedure.

On the surface of a focal sphere, we take a point @ with azimuth
¢ and plunge ¢ and its antipode Q. (¢ is measured clockwise from
north, & measured upward from the horizon). Then, the number N_ of
compressions and the number N, of dilatations within an angular dis-
tance of 45° from the point @ and Q' are counted. For counting these
numbers, we use a set of figures which show the area within an an-
gular distance of 45° from a point Q and its antipode @ on a hemi-
spherical surface as projected by the stereographic projection. Such
figures are shown in Fig. 2 for the cases in which the plunge & of @ is
0, 20°, 40°, 60° and 80°.

From the numbers N. and N_ for a given point @, we form a
normalized parameter k by the following formula.

p=Lem N
N N

This value takes +1 if all the first motions within the area are dila-
tations, and takes —1 if all of them are compressions. The parameter
k is determined for many points Q covering the surface of the foecal
sphere. Then, the value of & is plotted at the corresponding point @
on a projection of the focal sphere, where the radial distance is equal
to the angle from the vertical, and smooth lines of equal k£ are drawn
as shown in Fig. 8. The values of % for the 16 groups of earthquakes
are given in Table 3, and the corresponding smoothed lines of equal k&
are shown in Fig. 4 to Fig. 19. Solid lines are used for positive k&
and dashed lines for negative k& throughout these figures. (The open
and closed circles shown in these figures indicate the points where the
magnitude of & value is significantly great; see Appendix.)
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8 =0

§=40°

& =80°

b =20°

5 =60°

455

Fig. 2. Diagrams used for counting
the numbers of compression and dila-
tation within an angular distance of

45° from a point @ on a sphere.

é

indicates the plunge of Q. In actual
procedure, these diagrams are drawn
on a transparent paper and superposed
on the first motion pattern plotted by

the Wulff’s net.
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Table 3. The numbers N (dilatation) and N_(compression) within an angular

Area 1 2 - 3 4
| ¢ N:. | N_ | k& Ny | N_ | &k N+ | No |k Ni | N_ | &
0 0 6 15 |— .43 14 13 .04 13 6 .37 41 20 34
0 20 9 15 |- .251 16 12 .14} 18 6 .37' 35 19 30
0 40 9 16 |— .28 18 12 .20 8 4 .33, 36 16 38
0 60 9 14 - .22 17 13 13 4 2 .33 55 15 57
0 80 | 11 5 .38 19 9 .36 1 0 1.00| 66 11 72
0 100 9 1 .SOi 16 7 .39, 1 0 1.00, 53 10 68
0 120 9 1 .80, 15 8 .80, 0 0 / 52 11 65
0 140 8 0 1.00; 17 8 360 1 2 |— .83 42 14 50
0 160 7 8 |— .07 14 11 120 9 5 29, 45 17 45
20 0 7 13 |— .30, 13 10 .13 8 5 23! 25 16 22
20 20 8 16 |— .33 16 10 .23l 8 5 23/ 38 18 36
20 40 9 17 |— .31 15 9 .25[ 6 3 33| 45 15 50
20 60 9 11 |~ .10, 16 9 .28 4 0 1.00{ 59 15 59
20 80 6 5 .09 13 5 44l 2 0 1.00, 63 10 73
20 100 7 2 .56, 10 3 b4, 2 0 1.00] 62 10 72
20 120 i 1 750 11 4 A7 1 0 1.00{ 62 10 72
20 140 6 0 1.00{ 12 6 .33 b 0 1.00{ 57 13 63
20 160 5 7 |— 171 8 9 |— .06/ 10 2 67 47 17 47
20 180 5 12— .41 11 12 |— .04 12 5 410 46 19 42
20 200 7 14 |— .33 14 16 |— .07 13 3 63 37 19 32
20 220 9 14 |- .22 15 14 .03‘ 11 4 47, 32 16 33
20 240 9 12 |— .14; 18 14 13, b 4 11, 35 13 46
20 260 | 11 5 .38 20 10 .83 1 2 |- .33 35 9 59
20 280 9 1 .80; 15 9 .25; 0 1 |—1.00] 32 9 56
20 300 9 0 1.00; 15 8 300 0 2 |—1.00] 34 10 55
20 320 8 0 1.00{ 18 8 .381 0 4 |—1.00; 33 12 47
20 340 8 4 .331 15 9 250 6 4 20 27 14 32
40 0 6 5 090 11 7 221 6 5 09 29 15 32
40 20 6 12 — .33) 6 6 0 8 5 23] 28 16 27
40 40 7 12 |- .26 7 3 400 7 3 40! 35 14 43
40 60 5 8 |— .23 7 2 56l 7 2 56, 42 11 58
40 80 5 4 A1 5 0 1.00, 4 1 60; 47 11 62
40 100 2 3 |— .20 38 0 1‘001 3 0 1.00! 48 11 63
40 120 0 3 |—1.00 4 1 .60, 4 0 1.00; 47 10 65
40 140 1 0 1.000 38 2 20007 1 750 43 11 59
40 160 1 2 |— .33 2 5 |— .43} 12 3 60! 29 10 49
40 180 0 7 |—1.00, 4 10 |— .43 14 4 56| 27 16 26
40 200 3 11 |— 57 9 12 |— .14] 14 5 471 26 17 21
40 220 3 12 |— .60] 13 13 0 13 5 4 29 15 32
40 240 5 5 0 16, 13 100 9 5 29! 34 13 45
40 260 8 0 1.00; 12 11 .04 4 4 0 34 8 62
40 280 8 0 1.00; 13 10 A3 2 3 |— .20, 26 11 41
40 300 8 0 1.00; 12 7 260 1 5 |— .67, 26 12 37
40 320 7 0 1.00, 15 8 .30, 5 6 |— .09 26 12 37
40 340 7 2 56| 14 8 27 b 5 0 28 14 33
60 0 0 3 |—1.000 5 3 250 8 6 14 11 10 05
60 30 0 3 |—1.00 3 0 1.00 9 5 29| 27 10 .19
60 60 0 3 |—1.00, 2 0 1.000 9 3 50, 28 10 21
60 90 0 4 |—-1.000 O 0 / 8 2 60| 44 11 .60
60 120 0 2 |—1.00, O 1 |—1.00; 9 2 64| 52 12 .63
60 150 0 1 |—-1.000 O 2 1-1.00] 12 3 60| 38 13 .49
60 180 0 0 { 0 4 |-1.00] 14 5 47 23 12 .81
60 210 1 0 1.00, 3 6 |— .33 13 5 441 20 15 .14
60 240 1 0 1.00 4 8 |— .33 11 5 38 11 13 |—.08
60 270 2 0 1.00, 4 6 |— .20, 7 4 271 17 9 |—.13
60 300 5 1 67 b 6 |-~ .09 5 5 0 7 9 |—.13
60 330 4 1 60| 6 3 .83 7 6 08, 4 8 |—.33
80 0 0 2 [—1.00 1 2 |— .33 9 4 38 5 6 |—.09
80 90 0 2 |~1.00f O 1 {—-1.000 9 2 64 37 10 .57
80 180 0 2 -1.000 0 2 |—1.00, 10 4 43/ 20 12 25
80 270 0 1 [—-1.00, 1 4 I1— 60, 8 4 33 2 7 1—.56
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distance 45° from a point (5, ¢) on the foeal sphere and the parameter k.

Area | [ | 6 7 8

6 | ¢ | Ne I[N | k [N NT k | N+ IN_T k% | N.e [N_1 &%

0 0 19 5 5819 7 4%, 1 2 56 20 | 12 25
0 20 | 15 5 50, 28 | 16 21, 5 2 .43 20 9 38
0 40 | 17 8 .36/ 29 | 18 23 2 3 |- .20 15 | 10 20
0 60 | 15 | 10 200 26 | 15 271 5 3 250013 | 1 08
0| 80| 21 | 10 .35, 31 | 18 21 8 | 3 45 9 | 14 |- .22
0 | 100 22 9 42 30 | 12 43 13 3 63 11 | 12 |— .04
0 | 120| 25 6 61 28 | 10 47, 19 2 .8l 16 | 11 19
0 | 140 31 7 63 24 9 45, 16 3 .68 17 | 10 26
0 | 160 | 23 5 64/ 16 5 52 9 3 500 21 | 12 27
20 0| 20 5 60, 20 | 16 11 14 2 .75, 19 7 46
20 20| 15 7 36 20 | 20 | 0 7 2 .56 19 8 Al
20 40 11 | 12 04 26 | 21 1 2 3 20, 17 | 11 .21
20 60| 12 | 12 | 0 24 | 21 07, 0 4 |-1.00 13 | 12 .04
20 8 ' 21 | 15 A70020 | 21 |- .02 38 2 200 9 | 14 |- .22
20 | 100 | 22 | 12 290 20 | 16 1 6 1 U012 | 16 |- .14
20 | 120 | 18 9 .33 18 | 10 29 6 3 .33 15 | 18 .07
20 | 140 | 25 5 67| 12 | 11 04 3 5 |- .25 18 | 11 .24
20 | 160 | 21 7 50, 9 910 | 2 7 |- .56 20 | 11 .29
20 | 180 | 15 4 .58 17 6 .48 3 6 |— .33 20 | 11 .29
20 | 200 | 11 4 A7 30 | 13 40 1 7 |- .75 19 7 .46
20 | 220 | 13 5 44 33 | 14 .40, 3 8 |- .45 15 | 10 .20
20 | 240 12 5 All 35 | 12 49/ 10 7 18 12 9 .14
20 | 260 | 18 5 57 48 | 12 .60 14 7 .33 8 810

20 | 280 | 23 3 7089 | 10 .59, 20 6 .54 10 8 A1
20 | 300 22 3 .76, 31 8 59, 22 | 4 .69 14 9 .22
20 | 320 | 24 4 7129 9 .53 23 2 .84 17 9 .31
20 | 340 22 5 .63 26 | 17 .21 19 2 .81 21 9 .40
40 0| 19 5 58 20 | 19 .03 17 5 .55, 10 2 .67
40 20 | 11 8 .16 20 | 23 |— .07, 12 5 A1l 12 6 .33
40 40| 6 | 10 |- .25 16 | 22 |— .16 6 5 .09 9 6 .20
40 60 10 | 14— a7 13 | 22 |- .26 3 6 |— .33 6 g |- .14
40 80| 13 | 14 |- .04 8 | 21 |- .45 1 8 |— .18 7 9 |— .13
40 | 100 14 | 11 12 6 | 14 |- .40 1 9 |- .80 5 | 11 |- .38
40 | 120} 12 9 4 6 | 13 |- .37 1 9 |— .80 7 | 12 |- .26
40 | 140 | 12 6 B3 5 13 |— 44 1| 10 |- .82 9 | 11 |- .10
40 | 160 | 14 5 A7 2 | 13 — .73 1| 10 {— .82 9 | 10 |— .05
40 | 180 | 12 2 115 8 300 1| 12 |— .85 12 9 .14
40 | 200 | 8 1 18 25 8 B2 2 | 12 |- .71 12 6 .33
40 | 220 8 3 .45 28 | 12 400 4 | 18 |— .53 9 3 .50
40 | 240 | 12 5 Al 35 | 13 46/ 11 | 11 | 0 5 4 a1
40 | 260 | 16 4 60, 49 | 11 63 19 | 11 27 3 310

40 | 280 | 21 3 75 44 9 .66/ 24 9 45 6 4 .20
40 | 300 20 | 2 .82 35 | 12 49 28 | 6 .65 8 | 1 .78
40 | 320 | 17 4 62 34 | 12 .48 o7 5 .69 12 2 .71
40 | 340 | 15 5 50 26 | 17 21| 22 5 .63 11 1 .83
60 0, 9 4 .88 15 | 17 |- .06 19 | 11 27 1 0 | 1.00
60 30| 5 9 29 14 |21 |- .20 11 9 10 2 210

60 60 9| 10 |- .05 11 | 24 — .37, 7 | 10 |- .18 2 3 |- .20
60 90 | 10 | 10 [ ] 7T 19 |- 46 4 | 18 |- .58 2 3 |— .20
60 | 120 8 9 |—.06 5 | 15 |- .50 3 | 16 |— .68 3 4 |— .14
60 | 150 | 7 5 A7 11 | 12 |- .04 3 | 16 |— .68 3 5 i— .25
60 | 180 | 5 1 67 14 | 12 08 5 | 17 |- .55 0 0 /

60 | 210 | 4 1 .60/ 22 6 57 5 | 18 |— .57 0 0 /

60 | 240 7 1 .75 28 9 5112 | 18 - 200 1 0 | 1.00
60 | 270 | 7 1 75832 | 10 5222 | 15 A9 1 0 | 1.00
60 | 300 | 10 2 .67 29 | 13 .38 25 | 13 320 1 0 | 1.00
60 | 330 | 10 4 43 24 | 16 200 22 | 12 29 1 0 | 1.00
80 0| 1 3 |- .50 15 | 18 |— .09 12 | 16 |- .14 1 0 | 1.00
80 90 | 2 6 |— .50, 13 | 20 — .21 8 | 17 |- .36 2 3 = .20
8 | 180 | 2 3 |- .20 14 | 13 04 6| 19 — .52 0 0 /

80 | 2701 1 2 |- .33 18 | 16 06 13 | 18 |- .16 1 0 | 1.00

(to be continued)
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Area 9 10 11 12

0 [ N, | N_ k N+ | N_ | Ny | N_ | &k N. | N_ |

0 0 8 1 718 6 17 — .48 12 10 .09 5 14 |— .47
0 20| 15 2 .76/ 6 19 — .520 11 8 .16| 11 21 {— .31
0 40| 15 5 .50 5 20 |— .60/ 14 9 .22 19 24 |- .12
0 60 | 11 7 .22l 9 19 |— .36 16 6 05| 24 17 a7
0 30 4 6 |— .20, 13 10 130 17 5 .05 28 10 .47
0 100 1 6 |— .71 18 5 b7 22 5 .63l 27 2 .86
0 120 0 5 [—1.00, 20 6 .54 21 4 .68/ 23 3 7
0 140 1 3 |- .50] 18 6 .50; 16 3 .68 14 7 .33
0 160 2 1 .33 14 8 27 11 9 100 9 11 |- .10
20 0| 21 9 .40 8 16 |— .33 12 8 .20 10 16 |— .23
20 20| 25 5 .67 5 20 (— .60, 9 9 0 14 19 |— .15
20 40| 28 5 .70 5 21 |— .62| 12 5 .41 23 19 .10
20 60 | 28 6 .65 b 18 |- .67, 12 2 71 24 10 .41
20 80| 21 5 .62 10 11 |— .05/ 8 1 18 24 4 .71
20 100 8 4 .33| 15 4 .58 8 1 .78 21 1 .91
20 120 5 0 1.00] 15 3 67 9 1 .80 18 1 .89
20 140 5 0 1.00) 14 5 AT 9 3 .50 12 3 .60
20 160 2 0 1.00] 10 7 18] 7 6 .08 b5 8 |— .28
20 180 1 0 1.000 8 11 |- .16/ 13 9 .18 3 13 |— .62
20 200 3 0 1.000 5 19 |— .58 14 10 A7 6 22 |— .57
20 220 3 2 200 5 19 |— .58 16 9 .28 11 20 |— .29
20 240 1 5 |— .67 9 14 |— .22 21 8 45! 19 17 .06
20 260 1 9 |— .80 15 11 |— .15] 26 8 .53| 30 16 .30
20 280 1 13 |— .86 21 8 .45 27 7 .59 29 9 .53
20 300 1 15 [(— .88 22 3 76| 27 7 .59, 23 4 .70
20 320 0 13 |—1.00] 20 7 .48 24 7 .65 21 9 .40
20 340 6 10 {— .25 14 10 .17 18 10 .29, 15 15
40 0| 28 16 .27 8 12 |— .20 14 6 .40, 16 16
40 201 29 13 .38 4 11 |(— .47 9 5 290 16 14 .07
40 40| 31 9 .55 4 10 |— .43 4 4 f 21 13 .24
40 60 | 33 5 .74 4 12 |— .50, 2 0 1.00 23 8 .48
40 80 | 28 5 .70, 6 8 |— .14/ 2 0 1.00, 22 5 .63
40 100 | 17 4 .62 7 4 27 2 1 .33 19 0 1.00
40 120 9 0 1.000 9 3 .50 3 1 .50, 10 0 1.00
40 140 6 0 1.000 6 4 .20 1 3 |- .50, 4 0 1.00
40 160 6 0 1.000 6 3 .33 1 4 |— 600 2 3 |- .20
40 180 4 0 1.000 5 7 |— .17 5 7 |— .17 0 8 [—1.00
40 200 2 1 .33 4 10 |— .43 7 9 |- .13, b 14 |— .47
40 220 2 7 |— .56 5 10 |— .33] 13 9 .18 9 15 |— .25
40 240 2 13 |- .73 8 12 |— .20] 21 8 .45 16 16
40 260 2 16 (— .78 14 8 27 26 8 .63, 19 15 .12
40 280 2 21 [— .83 16 3 .68 29 7 .61 23 11 .35
40 300 1 21 |— .91 16 5 .52 23 6 .59, 24 9 .45
40 320 5 19 |— .58 14 5 A7 25 5 .67 20 9 .38
40 340 | 15 18 |— .09, 10 8 11 21 6 .66 17 14 .10
60 0] 28 21 A4 07 7 9 5 290 14 6 .40
60 30 32 18 .28 4 7 |— .27 2 2 0 13 7 .30
60 60 | 32 11 .49 1 4 |— .60, O 0 / 15 7 .36
60 90 | 26 7 .58 2 3 |— .20, O 0 / 16 2 .78
60 120 | 16 3 .68 2 1 .33 0 0 / 8 0 .00
60 150 | 10 2 .67, 3 1 500 0 1 —1.00‘: 3 1 .50
60 180 6 4 .20 3 2 200 2 3 |— .20, 2 9 |— .64
60 210 3 10 |— .54 5 2 43 7 5 707 12 — .26
60 240 2 17 |— .79 5 3 .25 19 7 .46, 15 13 .07
60 270 2 21 |— .83 10 3 .54 18 7 440 15 12 11
60 300 8 22 |— .47 9 4 .39] 18 7 .44 15 11 .15
60 330 | 18 20 (— .05/ 8 6 .14| 16 6 .45; 14 6 .40
80 0| 22 18 100 6 5 .09 8 3 .45 10 6 .25
80 90 | 21 14 200 1 3 |— .50, O 0 / 12 2 .71
80 180 | 13 13 0 2 1 .33 2 1 .33 2 7 |— .56
80 270 | 14 18 I— .13 8 3 451 18 6 .50 15 12 J11




Earthquake Generating Stress in Japan

459

(continued)

Area 13 14 15 16

5 ] ¢ | Nt IN-1 & | N+ I N-T k& | Ns TN-[ k | N: I N_1 %k
0 0] 4 ) 19 |— .65 14 | 14 | © 6 | 14 |— .40 2 | 12 |= .71
02| 8| 10 11 13 | 17 |- .13 11 | 13 |- .08/ 0 | 16 |—1.00
0 | 401 21 | 10 35l 12 | 20 |— .25 11 | 12 |— .04 1 | 10 |- .82
0 | 60| 27 | 12 38 10 | 16 |— .23 12 | 12 | © 1] 10 |— .8
0 | 8| 32 7 .64/ 10 9 05 14 | 10 17 1 8 |-~ .18
0 |100,] 22 6 570010 | 12 |— .09 6 9 |— 20/ 1 1] 0

0 [120] 13 | 13 | © 10 | 12 |- .09 4 | 14 |— .56 1 5 |— .67
0 {140 8 | 16 |— .33 10 | 11 |— .05 3 | 15 |— .67 1 6 |— .71
0 |160| 3 | 16 |— .68 14 | 14 | 0 2 | 13 |- .73 2 7 |— .56
20 0| 4| 17 |— .62 13 | 14 |— .04l 3 | 13 |— 63 4 | 15 |— .58
20 | 20| 11 | 12 |- .04 13 | 14 04 9 | 11 |- .10 4 | 17 |- .62
20 | 40| 17 | 11 21 16 | 15 03 11 | 12 |~ .04 2 | 18 |- .78
20 | 60| 20 | 10 83 11 | 16 |— .19 12 | 10 09 1| 11 |- .83
20 | 80| 22 4 69 8 | 10 |~ .11 10 9 050 1 8 |- .78
20 |100 | 18 5 57 11 8 160 3 | 10 |— .54 1 3 |— .50
20 120 | 13 | 12 04 10 1 10 | 0 4 | 14 |— .56 0 2 [—1.00
20 (140 8 | 13 |— .24/ 9 | 10 |- .05 3 | 13 |— .63 © 5 |—1.00
20 |160| 4 | 13 |— .53 8 | 10 |— .11 2 | 15 |— .76 © 6 |—1.00
20 1180 | 1 | 17 |~ .89 8 | 14 |— .27 5 | 16 |— .52 0 6 |—1.00
20 200 12 | 11 04l 10 | 17 |— .26 11 | 12 |- .04 0 7 |—1.00
20 | 2201 19 | 10 81 9 | 19 (— .36 11 | 11 | 0 0 9 |-1.00
20 240 23 | 10 30l 10 | 15 |— .20, 12 | 10 09 1 7 |- .75
20 | 260 | 27 5 69 9 | 13 |— .18 13 9 18] 2 3 |— .20
20 | 280 | 2 7 580 9 | 11 |- .10 5 6 |~ .09 3 2 .20
20 1300| 15 | 14 03 8§ | 10 |— .11 4 | 10 |— .43 4 7 |- .21
20 1320 9 | 14 |— .22/ 13 8 240 3 | 11 |— 57 5 g |— .23
20 {340 6 | 13 |— .370 13 | 14 |— .04 1 | 11 |— .83 6 | 11 |— .29
40 0| 6 | 10 |— .25/ 11 | 11 | © 0 6 |—1.00 7 | 13 |— .30
40 | 20| 8 | 10 |— .11] 11 | 13 |— .08 1 4 |- .60 6 | 18 |— .50
40 | 20| 12 9 14 14 | 13 .04 3 6 |— .33 5 | 15 |— .50
40 | 60| 18 3 a7 9 [~ 13 2 6 |— .50 3 | 14 |— .65
40 | 80 15 3 67 6 71— 07 1 5 |— .67 1 | 11 |- .83
40 100 14 5 a7 7 5 17) 3 7 |— .40 1 4 |— .60
40 (120 11 8 16/ 6 6 | 0 3 8 |— .45 0 2 1-1.00
40 (1400 7 | 10 |— .18 7 4 270 8 | 11 |— 57| 0 4 |—1.00
40 |160| 2 8 |- .60 4 6 |— .20, 1 | 10 |— .82 0 5 |—1.00
40 |180| 3 7 |— .40 3 7 |— .40 1 | 11 |- .83 0 4 |—1.00
40 2001 11 | 11 | 0 6 | 10 |— .25 9 | 10 |— .05 0 4 |-1.00
40 1220 17 8 36 4 | 10 |— .43) 11 9 100 0 4 |—1.00
40 | 240! 21 5 62 5 7 |- .17 10 8 a1 1 3 |~ .50
40 | 260 | 23 5 64 6 110 |— .25 9 5 29 2 210
40 |280 | 20 5 60 6 | 11 |— .29 2 4 |- 33 3 310
40 1300 16 | 11 190 8 9 {— .06 2 6 |— .50 6 61 0
40 [ 320 6 | 12 |- .33 9 8 60 1 9 |— .8 7 | 10 |~ .18
40 1340 4 | 11 |- .47 10 9 05 1 7T |- T 7| 12 |- .26
60 0| 6 4 20 7 3 40, 0 2 |—1.00, 7 9 (- .13
60 | 30| 10 & 4 4309 | 2 64 0 | 2 |—1.000 5 | 12 |- .41
60 | 60| 10 2 67 4 3 4o 3 |-1.00, 4 | 13 |- .53
60 | 90| 9 3 500 5 51 0 0 6 |—1.00 3 7 |— .40
60 |120] 7 5 17 3 4 |- .14 0 5 |—1.00 0 6 |—1.00
60 | 150 | 4 3 14 3 5 |— .25 0 5 |—1.00 0 5 1-1.00
60 |180 | 5 3 250 2 3 |- .20 0 5 |—1.000 0 5 1—1.00
60 | 210 | 11 4 4703 4 |- .14 0 3 {-1.00 0 5 |—1.00
60 | 240 | 15 4 58 2 6 |— .50 0 1 |-1.00 3 6 |— .33
60 |270 | 14 4 ) 5 1-1.000 0 1 1-1.000 3 5 |— .25
60 300 11 6 29 4 5 |— .11 0 1 |-1.00 7 4 .27
60 1330 5 510 6 5 09 0 1 |-1.000 7 | 10 |- .18
80 0| 3 1 500 B 2 420 1 |-1.000 6 8 |- .14
80 | 9| 6 3 33l 4 0 | 1.00 0 6 |—1.00 3 7 |- .40
80 1180 O 2 |-1.00, 2 31— .200 0 4 |—1.00, 3 6 |— .33
80 !2700 11 . 21 69 0! 32100 01 01| /| 5| 6 |— .09
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Fig. 3. An example of plotted & values Fig. 4. Equal lines of the k values for
and lines of equal . (The values in the Area 1 (Urakawa-Oki).
bracket are obtained from data with the
size smaller than 10.) The upper hemi-focal
sphere is projected in such a way that the
radial distance is proportional to the angle
from the vertiecal.

Fig. 5. Equal lines of the k values for Fig. 6. Equal lines of the & values for
Area 2 (Miyagi-Oki). Area 3 (intermediate earthquakes in To-
hoku).
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Fig. 9. Equal lines of the k values for

Area 6 (south-west of Ibaragi).
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Area 9 (deep earthquakes in Chubu).

Fig. 12. Equall

Equal lines of the % values for

Area 8 (western Kanagawa).

Fig. 11.
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Equal lines of the k values for

Area 11 (Hakusan mountains).

Fig. 14.

of the k values for

ines
Area 10 (Hida-Akaishi mountains).

Equal 1

Fig. 13.
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Fig. 15. Equal lines of the k values for Fig. 16. Equal lines of the &k values for
Area 13 (western Hyogo).

Area 12 (Echizen-Misaki-Oki).

Fig. 17. Equal lines of the k& values for Fig. 18. Equal lines of the k values for
Area 14 (Kii-Suido). Area 15 (Miyazaki-Oki).
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Fig. 19. Equal lines of the % values for Area 16 (inter-
mediate earthquakes in southern Kyushu).

§5. Types of the smoothed radiation patterns

The maximum of the parameter & on a foeal sphere corresponding
to an area indicates the direction in which the seismic sources in the
area radiate dilatations most frequently. Using the nomenclature in
the fault plane seismology,” we shall eall it the direction of axis of
maximum pressure. The minimum of the parameter & corresponds to
the awis of maeximum tension.

The actual patterns of equal £ lines as shown in Fig. 4 through
Fig. 19 suggest that we may classify the patterns into the following
three types according to the directions of the above two axes.

Type @: Both axes lie nearly horizontally. This type corresponds
to a strike-slip movement on a vertical fault. The pattern of first mo-
tions plotted on a map of stations will show the familiar quadrant
pattern, this being classified as Q-type by some Japanese seismologists.

Type P: The axis of maximum pressure lies nearly horizontally,
but the axis of maximum tension is directed nearly vertically. This
type corresponds to a reverse dip-slip movement along an inclined fault.
The naming of this type follows Ritsema.®

Type I: Both axes are tnclined. This type roughly corresponds

13) H. Honpa, loc. cit., 1).
14) A. R. RITSEMA, Geophys. Jour. Roy. Astro. Soc., 3 (1960), 307-313.
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to either a horizontal movement along a horizontal fault or a vertieal
movement along a vertical fault.

Schematic pictures of the patterns of equal k for these types are
shown in Fig. 20. As will be described later, type @ prevails in the

schematic axis axis
Type | lines of max. max. fault model area
equal k pressure tension
' strike - slip intand
Q horizontal | horizontal along
. crust
vertical fault
reverse dip-slip off coast
. . crust
P horizontal vertical along
L uppermost
inclined fault mantle
vertical slip deep
I inclined inclined along v.erhcul fault | intermediate
or horizontal slip earthquake
along horizontal fault | zone

Fig. 20. Three types of k value pattern and their prevailing areas.

crust of inland areas, type P in the areas off the Pacific coast, and
type I in between the above two regions as well as in the deep-inter-
mediate earthquake zone.

According to our classification based on the orientation of pressure
and tension axes, one other type is possible, that has a horizontal ten-
sion and a vertical pressure axis corresponding to a normal dip-slip
along an inclined fault (an extreme case of type T of Ritsema). We
find, however, no such type in Japan, except for Area 14 where the
pressure axis seems to incline a little steeper than the tension axis.

8 6. Discussion of the result

There is a remarkable similarity in the pattern of equal % lines
between areas of a similar geographical situation. The pattern shows
type Q for the inland crust in central and western Japan (Area 10,11,
12 and 13). We find type P in the crust and uppermost mantle in the
ocean off the Pacific coast (Area 1,2,4,5 and 15). On the other hand,
type 1 prevails in the crust and uppermost mantle inland near the
Pacific coast (Area 6, 8) as well as in the intermediate-deep earthquake
zone (Area 3,7,9 and 16).
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In other words, the pressure axis lies nearly horizontally in the
crust inland as well as in the ocean off the Pacific coast. On the other

AXES OF MAX. PRESSURE AND MAX.
TENSION BASED ON THE JMA DATA
FOR 1961 TO 1963

4 .

Fig. 21. The average azimuths of the axes of maximum pressure and ‘maximum
tension are shown by arrows roughly at the centre of epicentres (dots) of earth-
quakes over which the average is taken. The pressure axis shows more systematic
geographic distribution than the tension axis. The pressure axis lies roughly in the
NWW-SEE direction in eastern and central Japan (perpendicular to the trend of
Honshu), while it lies in the NEE-SWW direction in western Japan (parallel to the
trend).
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hand, the tension axis lies nearly horizontally in the crust inland, but
tends to be directed vertically in the ocean off the Pacific coast. Both
axes are inclined in between the above two regions and in the regions
in the intermediate-deep earthquake zone.

The azimuths of the maximum pressure and tension axes are read

HOKKAIDO

AXIS OF MAX. PRESSURE ON VERTICAL
CROSS-SECTIONS BASED ON THE JMA
DATA FOR 1961 TO 1963

—
_——500KM

Fig. 22. The average orientation of the maximum pressure axis is shown, by
arrows roughly at the centre of hypocentres (dots) of earthquakes over which the
average is taken, in vertical cross-sections cut roughly parallel to the azimuth of
the axis. The axis lies nearly horizontally in the inland crust as well as in the
crust and uppermost mantle under the ocean off the Pacific coast. It is inclined in
between the above two regions as well as in the intermediate-deep earthquake
zone.
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from the pattern of equal & values, and are shown on a map in Fig. 21.
The azimuth of pressure axis shows more systematic geographical dis-
tribution than that of tension axis. The pressure axis tends to lie
perpendicular to the trend of the Honshu island in north-eastern Japan,
and parallel to that in south-western Japan.

Fig. 22 shows the orientation of the pressure axis in vertical eross-
sections cut roughly parallel to the azimuth of the axis. As mentioned
before, the axis lies nearly horizontally in the inland crust as well as
in the erust and uppermost mantle under the ocean off the Pacific coast.
It is inclined one way or the other in between the above two regions
as well as in the intermediate-deep earthquake zone.

All the results mentioned above are in surprisingly good agreement
with the results obtained by Honda'® and his colleagues and Ichikawa'®
from the data on major earthquakes which have occurred in Japan during
the last 40 years. This agreement between the result from a short-
term small earthquake data and those from a long-term large earthquake
data suggests an existence of persistent regional stress field throughout
the crust and upper-mantle in Japan. As demonstrated in Figs. 21 and
22, such a regional stress field may be generated by a compressive force
exerted roughly in the NWW-SEE direction in eastern and central Japan,
and in the NEE-SWW direction in western Japan. The fact that the
pressure axis lies nearly horizontal in the inland crust and under the
ocean off the Pacific coast, but is inclined in between the above two
regions may imply that the above-mentioned compressive force is not
produced by a distant agent outside of Japan, but by an agent inside
of Japan, perhaps in the area of inclined pressure axis. This area is
where the largest earthquakes in Japan, such as the Kanto earthquake
of 1923 and the Nankaido earthquake of 1946, take place. Matsuzawa'”
postulated growth of a magma pocket located at the uppermost mantle
beneath the epicentral area as the cause of these largest of earthquakes.
Such an expanding nucleus may account for the orientation of the pres-
sure axis in the entire area of Japan such as shown in Fig. 22 including
the deep earthquake zone. We may further speculate on the supply of
material and energy for the growth of the magma pocket by taking
into account recent findings on the upper-mantle structure.

Accumulating evidences from surface wave data support a signifi-

15) H. Hownpa, loc. cit., 1).
16) M. ICHIKAWA, Geophys. Mag., (in press).
17) T. MATUZAWA, Study of FEarthquakes (Tokyo, 1964), p. 196.
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cant difference in the nature of the asthenosphere low velocity channel
between oceans, shields and orogenic area.” The shear velocity in the
channel seems lower in the ocean than in the shield area. In other
words, the evidence of the channel is more pronounced in the ocean.
Further, the top of the channel seems shallower in the ocean than in
the shield. In an orogenic area like Japan, the shear velocity in the
uppermost mantle is as low as that in the channel in the ocean, and it
seems as if the channel reaches the M disecontinuity in the orogenic area.'?

Japan is located at the boundary of the Pacific ocean and Eurasian
continent. If the above-mentioned difference in low velocity channel is
real, the low velocity channel of the ocean must be blocked by the high
velocity mantle of the continent at this boundary. If the channel in-
cludes patches of magma, it seems likely that the magma is squeezed
out of the channel at this boundary and forms an expanding magma
pocket responsible for earthquake generating stress. The magma pocket
may be formed at the crossing of the upper boundary of the low velo-
city channel (depth of about 80km) and the deep-intermediate earth-
quake zone which is often regarded as the boundary of oceanic mantle
and continental mantle. This location of the expanding nucleus seems
most adequate for explaining the orientation of the maximum pressure
axis in the entire area of Japan.

Appendix: A test of significance

If all the earthquakes in a group occur with an identical orientation
of nodal planes, the k& value will take 41 somewhere on the focal
sphere. The variability of the orientation of the planes among earth-
quakes as well as the presence of noises on seismograms, however, will
reduce this maximum value. We shall consider an extreme case, where
the orientation is purely random, and compressions and dilatations occur
with the same probability 1/2 in any area of the focal sphere.

The probability that the %k value exceeds k, is equal to the pro-
bability that the number N, of dilations exceeds the largest integer N,
less than (1+k,)n/2, where n is the sum of N, and N_.. For the ran-
dom case, the above probability is given by a binomial series,

Pr(k>k)=Pr(N.>N,)
Ng ,n! l n
=1- agll)(’n*— ¢)jr!<§) :

18) J. BRUNE and J. DORMAN, Bull. Seis. Soc. Am., 53 (1963), 167-210.
19) K. AKI, Trans. Amer. Geophys. Union, 44 (1963), 807-811,
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In finding the direction of the axis of maximum pressure, we look for
the maximum of % value on the focal sphere. If there are m independ-
ent measurements of % for one focal sphere, the probability that the
maximum of k exceeds k, will be '

Pr(max. k>k°):1“(§;>(n_}%—!}7(%>n )’” .

The number m of independent measurements of k© may be taken as
the ratio of the total area of sphere to the area occupied by a single
measurement of %, that is, the area within an angular. distance of 45°
from a point and its antipode on the surface of sphere. The ratio is
1/(1—1/v/2)=3.414. Permitting a small overlapping of the independent

areas, we shall take m =4 as the number of in-

('J-: ] T] dependent measurements of k.
0.1 Taking m=4, we determined the value of
22.; \\\ k,, for which
Sos S - Pr(max. k>k)=0.05,
0.4 \\
0.3 A and plotted the value against the sum n of the
g‘? numbers of compressions and those of dilations

J’mﬁ? 3gur:ger 100 a5 shown in Fig. 23. For example, if 7=20, the

Fig. 23. The limit of probability that the maximum of % exceeds

the maximum of the k about 0.55 is 595. If the observed maximum

value on the significance value of %k exceeds this limit, we may state

level of 5%, as plotted  that the randomness of the radiation pattern is
against the sample size. rejected on the significance level of 5.

The same criterion applies to the maximum of negative k value
which corresponds to the axis of maximum tension.

The positions on the focal sphere where the absolute values of %
exceed the above limit are indicated in Figs. 4 to 19 by closed ecircles
for positive k& and by open circles for negative k. Except for Area 2
and 14, the significantly large |% | values are observed at some points

on the focal sphere.
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25. [AT 36~38 LEITH 1T A AFREH D FIHHIFERRE
WERRR " E W —

B BRI EHMEEN Y, TE A RETRBNCRDBRRE LTRD L 5 Iehtkv %L
fo. BT, BEOBMTL oL L LWL EBbh 2Risr e, SETHEARD ip 07— 2
G, BEOEIXEDEL, ARCEAENE~OHEALRD S, KCER T 2HUEH DM
Boffhy 1 DOMBO X SICAHLT, ZOWROEFIRECHOIMLEEHTi% Wullf D net
CIoTEYTS, CORMEEERECHSE Q L% antipode @ & H, ZhLOEMND
fapENE 45 BELNOM LOK LB X e, ZhbORDEEMOLE EELFS, kXL L
FRTE|LAED —1, +_TB[&Hkb +1, LI EAALHEAD 0 winsd, @ KEHELEH-H 0
BB L - T kb OfixRD, Fhidintss Q ok oA plot L, Fkfesi< s,
FokERITL o1 normalize X smoothing Xhi- P WESMEE2 5.

=5 LTEBRLSE b HEOBEEOE N LWISIERRT. Whd s 4 RRE, % HIFE
B 2 U CREE AN R 5 KTEHE D) & 7e HBixrkifi g s XL OTE B AR DHERPIEERIC
Bohs, LT, BvRECn > BT Oz DRt 5 BB « Jta ko
KR ESRS, Lrd chbILERERTchS, Zhb 2 00Kkt EEDOMMIKFES
FIZIE Y, — OO T EEN L RO L ERERERCE G T 5 X3RS,

bhbh ORI, 55 30 ¥ BOoF— 212E5 LD TH B, BE 40 F0EHL DHE AR
SRS, HINSDERLIZEA LRSI —K LTS, DT &1, EENOEMOHT AT
KRR R LT Ao L L0 E L 5L, HBED pattern d stress REZ AR TIC
BEEELTWAL ERRT L5 lbha, ZDX )7 stress HAEUB L ARRERLLDL D
ZoWTHEL TR,



