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                                 ABSTRACT

        Instead of the usual time-distance Åëurve, the P-S diagram rnethod is effectively
     employed to detect any area of anomalous value of Poisson's ratio, if existent, in the
     earth's crust. In the present article, the anomalous Poisson's ratio in the crust of
     Kyushu District is discussed in sorne detail, and it hints at the possibility of existence

     of local magmatic reserveir in the crust,

1. Introductien

    It was found by the seismometric investigation that within the earth's crust,

there exist two or more distinct layers which are characterized mainly by the seismic

wave velocities. In the various regions of the world the seismlc wave velocities

transmitted through these layers, the thickness of each individual layer and the depth

of the Mohorovi6i6 discontinuity have been investigated. From the numerous results

hitherto obtaiRed, the earth's crust may be considered to have distinct local character.

    I)heoretical!y, the velocity of !ongitudiRal wave V, and the velecity of transverse

wave V, transmitted through the infinite homogeneous isotropic medium are related

to the density and the elastic constants of the medium in the following forms:

                      yp ==Vle"t4t" and vs -- Vtb'•

,o being the density, and fe ancl pt being the incompressibility and the rigidity ef the

medium respectively. The ratio of V,, to V, is the function of the elastic constants

only. Namely,
                  -/--{•,)-=VkLt/-'pt-vf/+,,ww---vl';•ii

and
                            o• == -ii-(i ve (rr-.tti, i2 um i) '

a being Poisson's ratio. At relatively shallow depths a is s}ightly less than O.25 and
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in the lower iayers of the crust it is about O.25, and in the deeper parts of the mantle

about O.30. Inside the core, o seems to be close to O.50 (1,2). For example, various

values of PoissoR's ratio were found in seme regions (3,4, 5, 6). Some recent results

are tabulated below (7).

    The velocities of P- and S-waves, velocity ratio and Poisson's ratio in some regions.

Region

Quincy
g. ranite

 Rockport
 granite

 Sudbury
nvp.orlte

Author
Don Leet ana
.Mau.rice Ewing

Southern
California

Europe

Southern
California

Don Leet

B. Gutenberg

H. Jeffreys

B. Gutenberg

Yp km/sec

4.96 + O.02

s.os -i- o.el
5.14 Nl• O.05

6.22 + O.O03

5.55

6.05

6.83

7.6

7.9,

Pg=:5.57Å}O.02

P*=:6.50+O.03
P.= :7.76 !I O.03

P==5.58+O.Ol
Py ==6.05

Ptn == 6•95rivaO•18

P,=:8.06Å}O.11

Ys kmlsec Vp1Vs

2.4s --g-• o.o3 l2.oo

2.70 -F O.02

3.49 -F O.O06

3.23

3.39

3.66

4.24

4.45

1.90,,

!.78,

k.7o
k.7g
I i.s,

lf.80

i 1.7s

if

O.33

O.31

027

O.24

O.27

O.30

O.27

O.27

sg = 3.36tit o.ol

S*= 3.74-Fe.03

S. = 4.36Å}O.02

z
   5E,glllx3-:i

1.65s [ O.215

    E
     O,2521.73s

     O.2691.78o

1.712

1.65,

1.69s

1.81i

O.241

O.2!5

O,233

e.2so

Depth
 km
Very
shallow

Shallow

 O-14

14-26

26-30

30-39

>39

Remarks

Using the
waves
generated
bydynamite
exp}osion.

Natural
earthquakes

Natural
earthquakes

Natural
earthquakes

    The values of Poisson's ratio in the weatheying or sedimentary layers are determin-

ed to be very much complex from the observation of artificial exp!osions. This shou!d

be investigated in the near future, but in the present state, it is rather a diMcult

problem as the generation and identification of S-waves in the artificial explosion are

comparatively dithcult (8). Setting aside the problem of sedimentarylayer, Poisson's

ratio of the earth's crust as a whole is considered to have a nearly constant value

from O.23 to O.27 as seen in the annexed tables.

    On the other hand, numerous experiments have been made for the comparison of

elastic properties of rocl< with those obtained from the seismometric observations.

Elastic constants obtained by the laboratory experiments have the diverse values (see,

e.g. 9, 10,11), but it is recently ascertained by the experiment of high pressure and

temperture that the standard errors of these diverslties become smaller with the increase

of pressure and temperature. The average values of pressure and temperature within

the crust can be reproducedi in the laboratory and the variation of elastic properties

under high pressure and temperature are discussed.
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    Taking account of the constancy of Poisson's ratio in a certain iimited regioR,

the P-vS dttrations may linearly increase with the arrival times of P--wave (12). This

method is emo!oyed to research the oyigin timie of deep earthquakes (13). In recent

years, Yoshiyama (14) investigated the value ef V,,/V, and found that at the Mohoro-

vi6i6 discontinuity it increases abruptly from i.67 to i.78.

    In the present case, Poisson's ratio in the earth's crust is investigated using the

seismic wave velocities of natural earthquakes, especially in relation to the local

character of the earth's crust.

2. The metkoG of ?-S diagram
    In order to find the vtalues of V,,/V,, especially their local anomaly, the P-hS

diagrarn method is effectively employed. In this case, the iellowing must be reasonably

assumed. Namely, each eart'hquake has only one origin time at the hypocenter, being

common for P- and S-waves, and the hypocenter at which P- and S-waves are emitted

has anegligibly small domain compared with those of the earth's crust to be in-

vestigated. In the P-Sdiagram, the arrival time of P-wave, T2), is taken as abscissa

and that of S-wave, T,g, as ordinate. Observed value obtained at one statlon corres-

ponds to one point in this diagram. The velocity ra#lo of P-wave to S-wave is

represented by the fellowing formula:

                                  .X..2.{ nv Tsma T"e
                                  Ys Tp-To'

where Te is the erigin time at the hypocenter. The gradient of the straight line

connecting the origin to each point directly represents the mean vcalue of Vp/Ys along

the seismic wave path between the hypocenter ancl each station. If some points show

any particular or systematic deviations, those points represent immediately their local

anomaly of Vp/V,. Comparing this method witk the time-distance curve method, the

former has some merits as mentioned below.

    1) In order to construct the time-distance curves, the position ftcnd depth of tlie

hypocenter must'be determined accurately and in this case some assumptions about•

the subterranean structure mttst necess.ftri!y be made. Moreover, the velocities must

be estimated from these curves by the troublesome treatments. On the coRtrary, the

P-S diagram method need not any assumption and treatment. The one time To only

should be computed, being easily determined by the graphical method. Spealdng in

detail, Te is given at the intersection of the mean straight line tentatively drawR

threugh the observed points with the straight line of 450 gradient. The error which

will be produced in the process of constructing the time-distance curves xvill be exi

cluded and any local anomaly of Poisson's ratio in the earth's interior will be easily

found out and checked immediately.
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    2) The absolute values of P- and S-wave velocities and the thickness of the

earth's crust and others have no infiuence upon the results obtained by the P-S method,

and so the P-S diagram method is more effectively and accurately applied c+ompared

with that of time-distance curves for the study of local character of the elastic pro-

perties of the earth's interior.

    The value of V,,/Y, estimated by the present methecl is the mean one, being

estiinated along the seismic wave path from the hypocenter to each station and so

it is necessary to determine through which layer the waves are transmittecl. The P-S

diagram method is more useful in such a case as many earthquakes of various feca}

depths are observed with high time accuracy. It should be remarked that the origin

time at the hypocenter is assumed to be enly one, as stated previously. Yashima (S5)

estimated the magnitude of the hypocentral region of an earthquake from the difference

between two tirnes, one being the origin ti.me oi P-vLrave in time-distance curve analysis,

the other the time at which P-vS duration is zero. Thougn' this isavery interesting

preblem, its discussion will be postponed to another opportunity.

3. Applieatien of Ske P-S diagram meehod

    As will be mentioned in the next section, seme definite deviations in the P-S

diagram were found in the Kyttshu district. Refiecting upon this effect, the accuracy

of arrival tirnes of P- cand S-waves must be carefully discussed. Recently the time

correction in sei'smograms has become very accurate by using the J.J.Y.-time signal.

In the case of P-wave, the identification of phase is ea$y ancl the measurement oÅí

cnrrival time is accurate if they are those of direct P-wave. Accorcling to this reason,

most oÅí the earthquakes investigated in the treatment are rather deep ones, foci of
which are situated below the Mohorovi6i6 discentinuity, and the few that are shallow are

investigate(l in the distances raRglng within abou`L iOOI<m. In the case of S-wave,

the identification and measttrement must careful!y be considered. Theoretically, the

wave transformed frorn S--type to P-type at the Mohorovi6ie discontinuity may appear

before the arrival of direct S-waves. But these transformed SP-wave are correctly

and safely discrimiiiated from the direct S-wave considering the time-distance and

amplitude relatien. The S-waves have generally larger amplitudes and periods than
P-waves, and it may be probable that the arrival times of S-wave have errors of one

or more seconds.

    In the present case, the original seismograms at the observatories of Aso, Abuyama

and Kamigamo were investigated and the copied ones at twenty-five stations of the

Japan Meteorological Agency were examined concur't'ently.

4. A"omaly oÅí Poissen's raSie in tke Kyushu distr2cS

    The twelve earthquakes which occurred in or near the Kyushu district were selected.

The epicenters ai d observation stations are shown in Fig. 1, and tabulated in Table 1,
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Table
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1. The earthquakes used in section 4.

No. Origin time

 ahms23 11 47 59

 5 19 34 21

16 21 48

24 3 28 17

15 5 32 3
27 4 25 55

 7 7 45 28
26 3 30
28 18 12 20

17 10 13 32

19 22 49 48

 2 20 34 22

Epicenter

Location

i
ii

53 Jan.

56 OÅët.

se sept.

54 Feb.

58 May

53 Nov.

56 Sept.

51 Apr.

55 Mar.

55 Apr.

58 June

56 Nov.

Latitude

iii'l:;.ii;.fi2att://a','s,'Åí,f'vK,,iy,sh"'I

 SE part of Miyazaki Pref., t

 Kyushu.
 Off E coast ef Kyushu.
                      I
 Off E coast of Kyushu. I'
I8ffsSEataCm'i8a'k?',fk<aYgUoSshh"iinal

    ,Kyushu• II Pref.

 Off Scoast of Kyushu. I
 Saga Pref. Kyushu. I
 Wcoast of Kyushu. i

 W part o! Setonaikai.

L-o.nnvg..1!s/t....-Pepth

33.3eN

33.1

32.7

31.8

32.7.r     i
32D

31.0

30.8

29.4

33.3

32.9

33.8

      I- krn
132.2eE i 40
      l
131.6 l 100ca.
231.s l 11o
      i

13e.9 30
132.2 30
131.9 30
132.0 40
130.7 130
130.1 60 ca.
130.1 O--10

130.4 O•--10

132.3 <30

 .34

    o
 (];3eiiZ;

32"

    a

.

s
o3

,,l,,.,,x,.,,,.YX     ,,.,,,,ltt"V"twegeut""2iF'swe"vrw'eSx3iive.3kt.k/

-'<  nyx,,.,,i'

/l'il

   9
lao' X

y
,;•i;J?v,..,O' e'

g'13

 -t

11,

  13•  ---

9
  o134.

e Statiorv
x EpiceitteT

L,  13

 .138

            Fig. 1. The location of stations and epicenters.
Stations are as follows:
   A:Kamigamo B:Abuyama C:Hikone D:Gifu E:Nagoya F:Kameyama
   G:Owashi H:Shionomisaki I:Sumoto J:Takamatsu K: Kochi
   L:Shimizu M:Uwazima N:Matsuyama O:Hiroshima P:Shimonoseki
   Q:Fukuoka R:Oita S:Aso-san T:Aso-obs, U:Kumamoto V:Unzendake
   W:Nagasaki X:Miyazaki Y:Kagoshima
Epicenters are listed in Tables 1 and 2.
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          Table of earthquake No. 1.
     53 jan. 23d 21h 47m 59S Bungo Channel.
         (33.30N, 132.20E H=:40km)

CRUST

Station rw
esahP

P-wave

   *     *ll Oita

Shimizu

Matsuyama
Aso-obs.

I<ochi

Shimonoseki

Kumamoto
Fukuoka
Miyazaki

Takamatsu
Nagasaki

Kagoshima

'ii

ii

t

Time

 ms48 10.3
   13.7
   14.6
   16.3
   18.2
   18.3
   !9.5
   23.5
   24.1
   29.6
   30.8
   35.9

S-wave

Phase

i,i   ii  i i

Time

 ms48 17.6
   24.1
   25.7
   30.3
   31.2
   33.9
   36.6
   43.2
   44.0
   50.9
   57.4
49 8.3

d

 53.7

107.5

 81.5

!22.3

127.9

137.1

148.3

172.4

166.8

205.7

226.1

246.5

km

(Y.et,e,:,.I,",,t,he,.`.a,bi?fi,,O.,f,e.agl.h,q,gSge,S..N,o,•,2."`-'Yoa,g,;h.e..stationsmarked

                                        '                  Table of earthquake No. 2.
       56 Oct. 5d 19h 34m lls E part of Oita Pref., Kyushu.
               (33.10N, 131.60E H==100km ca.)

with )

Station
P-wave

Phase

R*     Oita
T*     Aso-obs.

M*     Uwajima
U* Kumamoto
 * Saga
L*     Shimizu
Q*     Fukuoka
X*     Miyazaki

N     Matsuyama

K     Kochi
     Murotomisaki
J     Takamatsu
     Tokttshima

 * Yaku-shima
     SumeteI

I

i li/

ll'

e

N Time

E

 ms34 26.9
   29.5
   31.1
   31.7
   34.2
   34.3
   35.1
   36.2
   38.6
   41.2
   47.8
   50.1
   53.9
   55.4
   59.5

S-wave

Phase

illit

Time

E
I

I

E

I

34

35

m
il

iiiii

d

I

 i4.8

 61.2

 90.8

 87.1

122.3

i35.3

124.2

111.2

I05.6

187.2

242.8

265.0

296.5

309.5

337.3

km

169
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5e Sept.
     Table
16ct 2ih 48in
    (32.70N,

of earthquake No. 3.
  N part of Miyazaki Pref., Kyushu,
l31.5eE H=110km)

Station

esahP

P-wave
l

S-wave

Time
l phase I

Time

iii

s
il'

m94

i

}  ms49 17.5
   22.8
   20.9
   23.8
   22.4
   27.4
   28.5
   32.8
   360
   38.7

   458
   45.7
   46.9
   48.2
50 14.1
   19.4
   20.8
   26.3
   439
   47.9

d

 •U

ig',

g/

H

g

 Kumamoto
 Saga
 Miyaza!{i

 Fukuoka
 Kagoshima
 Shimizu
 Shimonoseki

 Matsuyama
i
i Hiroshima
I
i I<ochi
i

kzg.h2.ga

i Yoku-shima

 Murotomisaki

 Kimeji
 Shionomisaki

 Kobe
l Osal<a

l' Kameyama

I Hil<one
i

l

l

il  11/

l

I

l

l

'i

i'

l
I

l

l
l

l• kml 74.1
i i27.9
i

i 85.2
l 127.9
l 153.8
I

I 14o.s
E z4s.3
l, 176.1
i 203.8I

l 211.31

l 263,2
1

l 2ss.s
I 26s.o
I 257.6
I 37g.g
i 405.9
l

i 4e5.9
i

i 431.8
      518.8
      522.5

54 Feb.
       Table
24d 3h 28m 17s
     (31.80N,

of earthquake No. 4.
  SE part of Miyazaki Pref.,
130.90E H==30km ca.)

Kytishu.

uavatlnvmo
Station E

i

P-wave

Phase

ii.

i.QI

Miyazaki

Kagoshima
Kumamoto
Aso-obs.

Oita

Yaku-shima
Ful<uoka

Shimonoseki

Shimizu

Tomie
Matsuyama
Izuhara

Kiroshima
I<ochi

i'iii'i

Tirne

28

29

rn  s
28.0

29.3

35.8

36.4

44.5

46.6

49.2

49.7

53.2

56.5

59.9

 4.7

 6.-
 9.0

   muS-wave

Phase

is

s
S

iS

eS

s
s

s
SN"J

s

is

s

eS

eS

Time

28

29

m s
33.5

39.0

50.8

52.2

 6.9

 5.4

11.8

18.3

16.3

25.2

32.9

43.8

44.-
41.4

ri

   km
 59.3

 40B
1149
12e.5

174.2

152.0

2e3.8

239.1

224.3

220.5

289.i

305.8

318.8

315.0
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58 May 15d 5h 32rn
    Table of earthquake No.
3s Off E coast of I<yushu.

5.

(32.7gON, 132.20E H== 30 km)

Station
I

l P-wave I
?hase l Time

S-wave
l Phase l Time

E
d

ii

f

Sukumo
Shimizu
Oita

Miyazaki

Aso-san

Aso-obs.

Matsuyama
Kumamoto
I<ochi

Shimonoseki

Murotomisaki

Takamatsu

i.

          zillL

 m s i       '32 17.0 l
       '   19.2 1
   2o.i I

   23.9 i•
       l       1   25.3 I
       I   25.8 i
       I   26.6 l.
       I
   31.4 i•
       i'
   34.4 I•
       1   34.4 I
       1   41.9 [i•
       I   46.5 Il

s
s

eSEg
s

SN
is

eSE

s
is

eSN
is

eS

 ms32 23.0
   28.0
   30.0
   37.2
   40.4
   41.4
   41.4
   49.1
   55.3
   56.7
33 8.4
   16.8

i

i

  km
 se.o

72.3

76.0

le3.8

105.6

113.0

133.4

139.0

152.0

177.9

194.6

244.6

53 Nov. 27d 4h 25m
    Table of earthqualce No.
55$ Off E coast of Kyushu.

6.

(32.00N, 131.90E H =30 km)

Station P-wave '

l'lii'

Q*

Miyazaki

Ase-san

Shimizu

Aso-obs.

Kagoshima
Kumamoto
Oita

Unzendake
Yaku-shima
Fukuoka

phase l Tirne

iP

iP

iPNn
iP

iP
iPz

eP
P

eP
iP

26
m s

3.3

16.4

16.6

17.1

17.9

18.5

29.4

20,9

25.7

28.7

S-wave
phase 1 Time

I d

il   i

'

26m s
8.3

3e.9

32.1

33.2

35.2

35.9

39.1

42.3

42.8

56.3

   km
 50.0

127.9

137.1

133.4

l29.7

148.3

144.6

177.9

225.0

229.8

56 Sept. 7d 7h 4sm
     Table of earthquake No.
283 Off SE coast of Kyushu. EOo321

7
N,Oo31( H=:4e km)

Station P-wave j S-wave
phase I Time l' Phase i Time

:i

i"

lk

Miyazaki

1<agoshima

Yaku-shima

Shimizu

Kumamoto
Aso-san
Aso-obs.

Nagasaki

Fukuoka
)vS[atsuyama

I

I

I
l

Px
P
P

ePma
eP
ePJil

iP

ePN
ePs
ePE

45

46

m s
47.5

5.9..6

53.4

 1.8

2.7

3.8

4.7

7.2

14.4

17.8

s
eS

s

eS

s
SE
sz

eSN
Sm

eSN

46m s
 O.9

ll.4

9.6

22.9

32.3

31.6

33.1

34.0

49.6

50.8

d

   km
133.4

152.0

155.7

220.5

235.4

226.1

229.8

278.0

324.3

326.2
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51 Apr. 26d
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    Table of earthquake No. 8.
3h 30m Off Satamisaki, Kagoshima Pref., Kyttshu.
   (30.8eN, 130.70E EI==130km)

Station

*

i

B

Yaku-shima
Kagoshima
Miyazaki

Unzendake
Nagasaki

I<umamoto
Oita

Fukueka
Shimonoseki

Matsuyama
Kochi

Murotomisaki
Harr}ada

Takamatsu
Sumoto
Osaka

Toyooka

Abuyama

P-wave
Phase l Time

/I

l'

31

32

m
il

iili

S-wave
Phase l Time

'l ll/

'

I

31

32

33

m
li/

iiii

'l

d

   km
 53.7

 87.1

144.6

218.7

228.0

224.2

283.6

311.3

350.3

387.3

405.9

426.2

472.5

500.3

555.9

622.6

650.4

64!.1

55 Mar.
  Table of earthquake No. 9.
28d 18h l2m 20s Off S coast of Kyushu.
(29.40N, 130.10E H==60km ca.)

Station

{x
li/

1

Yaku-shima

Kagoshima
Miyazaki

Tomie
Nagasaki

Unzendake

Kumamoto
Aso-san

Oita

Fukuoka
Shimizu

Shimonoseki

Matsuyama
Kochi

Hiroshima

Hamada
Takamatsu

P-wave
Phase j Time

'iil• ::m
'ii

il
'ii

S-wave
Phase l Time

I

i

il

I

l

zl m

14

ill

iii

d

   km
124.2

246.5

326.2

379.9

370.7

370.7

385.5

398.5

450.3

465.1

465.1

511.4

555.9

565.2

594.8

639.3

796.8
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          Table of earthquake No. 10.
    55 Apr. 17d !Oh i3M 32s Saga Pref., I<yushu.
        (33.30N, 130.leE H =O--10km)

CRUST

Station

:
I P-wave S-wave

S Fukuoka
Unzendake
Saga
Nagasaki
Kumamoto
Shimoneseki
Aso-san
Izuhara
Tomie
Oita
Miyazaki
Kagoshima

Phase Time I phase i Time

l
d

i'

'il 13m

14

 s40.5
43.9
44.1
44.4
47.2
50.9
52.5
55.1
59.5
 O.1
 7.9
12.7

is
eS
iSN
iSz
is
s
s
SN
s

eS fi]

 Sz
SN

23
m

ii
  km
 40.8
 64.9
 18.5
 66.7
 77.8
105.6
103.8
124.2
146.4
140.8
281.6
194.6

58 June
 Table
19d 22h

(32.90N,

of earthquake No. 11.
49ni 48s W coast of Kyushu.

 130.40E H==O--10km)

P-wave S-wave
Station

Phase Time Phase ti'imeI
d

Unzendake
Kurnamoto
Saga
Nagasaki
Aso-san
Fukuoka
Shimonoseki
Oita
Miyazaki
Kagoshima
Tomie
Izuhara

iP
iP
iP
il)

iP
iPz
iP
iPz
 Pz
P

 Pz
ePxvJa

49

50

m s
56.7
57.9
58.1
59.9
 2.5
 2.8
11.4
11.4
15.7
16.3
16.3
16.7

s
s

is
is
s
s"

iSN
eSN"i
s

eS
Srvz

iS2V

ggm li'

il

  krn
 24.1
 31.5
 38.9
 51.9
 64.9
 76.0
126.0
120.5
129.7
146.4
157.5
176.1

56 Nov.
 Table of earthquake No. 12.
2d 20h 34m 22s ;rpr part of Setonaikai,
(33.8eAI, 132.30E H<30km)

Station

ll
i

E
Matsuyama
UwaYma
Hiroshima
Oita
Sukumo
Kochi
Shknizu
Aso-obs.

P-wave E S-wave

Phase

 iP i,1

 iPp

SP..

sÅí

{ ilp

Time

34
rn

(

 s
32.1
34.1
35.8
38.2
38.3
40.9
41.0
48.3
49.0

Phase

is iil

is
s

eS ")

s
is
eS

is

Time

I

34

35

m s
39.1
42.0
44.8
47.9
45.3
52.8
57.4

 4.9

A

  km
 44.5
 66.7
 64.9
 88.9
103.8
116.8
127.9

157.5

(g",%`Se: gi2) t Aso the refracted
direct wave.

wave i$ observed O.7 sec )

173



174 A. KAMITSUKI
Most of these earthquakes have the foci

situated below the Mohorovi6i6 discontinuity. s
                                              sThree earthqucakes Nos. 10, 11 and 12 are e
shallow ones.

No. I) In the P-S diagram, the points are

separated into two groups. Tke Iewer group
                                           4g
points are of the stations situated eastward

from the epicenter (Shikoku aRd Chugoku

districts) and upper group points are all of "
the stations situated xvest- and southwest- 2C

ward (Kyushu district). The lower group

poitns are arrayed nearly on a straight line,

the gradient of which is calculated as 1.70, B

being the normal value oÅí Yi)/V, for the focal

depth 40 km. The upper group poiifts deviate

upward from this straight line, thus re-

presenting the anomalously large value of Vv/V,

and S-waves are tabulated ln Table (No. 1) and
iP and iS.

    Furthermore, the amplitudes and periods of P-

            The amp!itude ratio of S-wave to P-wave

//
7

e

oo

L85

lfx
.

N.!X'

/7
l.'lg

tp
o4

7
e/

   /

    e 2s 4c   Figure for erathquake No. 1.

of nearly l.85. The phases
it is favourable that all are

  and S-waves are

and their half periods.

-whP

        of P-

        sharp

measured. As

     Station

R      Oita

L
Amplitude ratio S

tiL

N

Shimizu

Matsuyama

1.2 (Y)

50.0 (U)

3.7 (V)

Half period

P-wave S-wave

T Aso-obs.

K
i

l Kochi

l

P Shimonoseki

U Kumamoto

Q
l

Fukuoka

X Miyazaki

J

Y

Takamatsu

Kagoshima

       io.4 (Y) l

o.s (v) l

       i       i

e.3 (v)

O.5 (V)

l
O.6 (N)
O.7 (E)

O.4 (Y)
O.7 (N)
O.7 (E)

3.o (v) I        io.4 (V) I O.6 (V)

10.0 (V)

2.2 (V)

12.5 (V)

20.0 (Y)

6.2 (V)

O.6 (V)
O.7 (N)
O.7 (E.)um

3yEg8
f

'tttt'l

O.5 (V)
O.7 (IV)
O.7 (E)
O,2 ('N" >-
O.3 (E)

o.ff (N)
O.8 (E)
O.4
O.3 (E)

( v; ;"'i""'

O.8 (N)
O.8 (E)
1.0 (V)
O.4 (E)

       lO.2 (Y) l
       I•

O.4 (V)

O.9 (N)

O.9 (Y)       l

1.0 (N)

O.9 (V)
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the general tendency, the amplitude ratio of S-wave to Prwave and the period of S-

pliase seem to be slightly larger concerning to the upper group points than to the

Iower group ones. As this problem is very essenticft1 in nature, a detailed study will

                                    be made after collection of exact data con-

                                    cerning suitable earthquakes.
3g

                                        The seismograrns recorded at Matsuyama

                                    and Kumamoto are skown in Figs. 2 and 3.

                                    No. 2) The epicenter is situated on land
IO

                                    in Kyttshu. The value of V?,/V, is cal-
  '                                    culated as i.82 by drawing a straight line

                                    through the six stations in Kyushu and of
50

                                    Uwajima, Shimizu and Yaku-shima. The

 ', points of other stations deviate downward
                                    from this straight line.
30

                                    No. 3) The epicenter of this earthquake is
                                                tv'
                                    situated also on !and. Excluding the points

                                    of stations in and near Kyushu, remaiBing

           3g so io points are arrayed on a straight line, the
     Figure for earthquake No. 2. gradient of which is l.76, being normal vaiue

                                    for the focal depth of ilOkm.

     $e

                                      sa

     ee

     ia 3e
     ,"c
                                      lg

     ag

                                      50
     le

            te ea se le 4e a '2e
         Figure for earthquake No. 3. Figure for earthquake No. 4.
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176 A. KAMITSUKI
No. 4) The epicenter is situated more southward and the focal depth is shallower

than that of No. 3. A straight line whose gradient is 1.70 is tentatively drawn.

The points of statioris in the Kyushu distgict deviate largely upward and the other

points deviate downward.

No. 5) The epicenter is situated off the E coast of Kyushu. The mean straight line

is drawn through the points ef stations in and near Kyushu. The gradient of 1.83

is anoma}ously large for the foca} depth of 30km. The points of stations in Shikol<u

deviate downward.

No. 6) The epicenter is situated also off the E coast of Kyushu and more southward

than that of No. 5. The meaR straight line is d:awn througk the points of stations

in Kyushu. The gradient of 1.86 is anomalously large for the focal depth of 30krn.

    Because of the scantiness of nearer stations, drawing of time-distance curve is

dificult. In the cases of earthquakes Nos. 4, 5 and 6, the apparent velocity is appyoxi-

mately 7km/sec up to the distances of about 200km, indicating that the focus is

situated in the lower layer of the crust. At further distances the time-distance curve

is largely diversed.

                                      Te    20

                                       se
    a

    4o 3D
                                    k

    2g le
               2e 4C a 10 3D 50
         Figure for earthquake No. 5. Figure for earthquake No. 6.

No. 7) The epicenter is situated more southward than that oi No. 6 and below the

Mohorovi6ie discontinuity. The points of stations in Kyushu deviate upward from

the mean straight line whose gradient is 1.70.
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No. 8) The epicenter of this earthquake is situated near off the S coast of Kyushu

and the focal depth is 130krn. ExcludiRg the po!nts of stations in and near Kyushu,

a stra2ght line is drawn through the remaining points, its gradient being 1•76.

    'e 3e
                                        le

    4S

                                        5I

    20 30
                                        10

     c

                                        50

               50 10 30
         igure for earthquake No. 7. Figure for earthqua!<e No. 8.

No. 9) The epicenter is situated far off the S coast of Kyushu and the focal depth

2s 60 km ca. The points deviate upward at first and then gradual!y return to the mean

straight line, its gradient being l.75.

   20

    o

   40

   2e

    o

   #o

   2C

    a

         4c o 2g 4s g 2g 4o g 2e         Figure for earthquake Ne. 9. Figure for earthquake No. IO.
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178 A. KAMITSUKI
Nos. 10, 11 and 12) These earthquakes are shallow ones. Through the points of stations

at the distances within about 100km the rnean straight lines are drawn. Their gra-

dients are l.55, 1.68 and 1.55 respectively. These values are normal for the shallow

earthquakes whose foci are situated in the upper layer of the earth's crust.

    G                                          40s es
e

'

E e

e

e

e

x 'xe
tt

eX
H

tu x'x

1.6 8

bl

i?
/

e1
di

ut r)

r

                a 2o 4e 4a o 2o
         Figure ior earthquake No. 11. Figure Åíor earthquake No. I2.

    The values of Y,/V, estimated in such a manRer as mentioned above are com-

pared with those of earthquakes discussed in the followlng sections and it is found

that the points of the stations in and near the Kyushu district must be excluded owing

to their deviation from the mean straight line and the correlation of the value of

YplV, to the focal depth is va}id.

    Putting together the results obtaineci above, the anomaly of the value of Yp/V,,

namely Poisson's ratio ln the Kyushu district including the sea parts off the E and SE

coast of Kyushu, is clarified. The horizontal eontour of anomalous regioll is roughly

represnted by the chain line showR in Fig. 1. The shaliow earthqual{es do Rot show

any anomalotts effect. The earthqualces whose foci are situated in the lower iayer

of the crust and immediately below the Mohorovi6i6 discontinuity sbow the anomalously

large values of Vp/V, and rather deeper ones a little larger value. After all, the

upper and lower boundaries of the domain in which Poisson's ratio is anomalously

large are roughly estimated to be situated at depths from about 20 l<m and 40km.
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5. Peissoza's ratio ebtained in the Skikoku, Chugeku and Kinki districts.

   The investigations by the same method are carried out in the adjacent region and

the anomaly of Poisson's ratio found in the Kyushu district will be more clarified.

The earthquakes used are tabulated in Table 2 and shown in Fig. 2.

                   Table 2. The earthquakes used in section 5.

Ne.
l

Origin time

I Epicenter

Lecation
l
Latitude

'lil Nov. 14
Dec. 18
Nov. 27
July 18
June 27
Dec. 21

cl h
 22
 15
 14
  o
 26
 19

 III
29

27

za

42

20

31

ii' l
E part of Shikoku.

Kii Channel, W Honshu.
NW part of Mie Pref., WKonshu.
S part ef Tokushima Pref., Shikoku,

Awaji-shima, rv Honshu.

Near Kyoto, ;V Honshu.

 oN
34.0

33.7s

34.7

33 314

34.5

35.1

Longitude

i

  oE
134.2

135.1

136.2

134 114

134.9

!35.7

Depth

 km
 40
40-50
 70
O•-10
Oe--10

<2e

x

                3igNee

Aee
        g

,-ge g•Q",iejÅ~.'9,

  .t e/1
132

Z<

134

tw

tkl'

,liX

l
      .op

ltx,za

il mp

13b

/G

             36
  B
  eg tw [

re

/b

eStatton
><EpicenteT

138

-" r•sK.

34

                  Fig. 2. The IQcation of stations and epicenters:
      Stations are as follows:
         A: I<amigamo B:Abuyama C:Hikone D:Gifu E:Nagoya F:Kameyama
         G: Owashi K: Shionomisaki I: Sumoto J: Takamatsu I<: Kochi
         L:Shimizu M:Uwazima N:Matsuyama O:Hiroshi
      Epicenters are listed in Table 2.

   In these regiolts, no conspicuous anomaiy c,an be found. All points in the P-S
diagrams are arrayed on a straiglit line within the time accuracy. The obtained values

of V2)/ V, are 1.74, 1.76 and 1.75 in the cases of earthquakes Nos. 13, 14 and 15 respective.

Iy, whose foci are situcated immediately below the Mohorovi6i6 discontinuity. And
in the cases of sha!low earthquakes Nos. 16, 17 and 18, the values o'f Vi)/V, are 1.70,

1.68 and 1.70 respectively.
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Figure

       en e
for earthquake No. 13.
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Figure O 20for earthquake No. 14.

4e

      Table of earthquake No. I3.
57 Nov. !4d 22h 29m 9s E part of Shi!<oku.
     <34.eON, i34.2eE H=40km)

Station
I
i+-"'
[ Phase

P-wave
l Time

'i Takamatsu
Sumoto
Matsuyama
Shionomisaki
Abuyama
Hiroshima
Kamigamo
Owashi
IIikone
Gifu
Nagoya

li'l 29m sl9.1
22.1
30.5
31.9
32.5
359
36.4
35.7
43.3
48.0
49.6

S--wave
Phase i Time

'ilii' 29

30

m s25.9
30.3
45B
48.0
48.4
54.6
55.5
56.2
 7.1
15.5
18.5

d

  1<m
 37.1
 76.0
131.6
157.5
157.5
166.8
187.2
185.3
235.4
283.6
285.4

       Table of earthquake Ne. M.
55 Dec. 18d 15h 27m 42S Kii Channel, W Monshu.
    (33.7,OIV, 135.10E H==40--50km)

Station

'lk

l

Sumoto
Shionomisaki
Owashi
Takamatsu
Kamigamo
Kochi
I<ameyama
Hikone
Matsuyama
Nagoya
Hiroshima
Fukui

P-wave
Phase E 'Time

l

l

E

iP
ip
iP
iP
iPNs
iP
iP
iP
iP
eP
iP
iP

t

27

28

m iil 1ij1

S-wave
Phase 1 Tirne

is
is
is
iS
iSNS
is
is
is
is
eS
is
s

 ms28 2.6
    7.7
   13.7
   14.1
   l9.8
   21.3
   28.6
   33.4
   33.8
   42.3
   44.2
   48.6

d

  km
 66.7
 70.4
107.5
114.9
159.4
146.4
176.1
200.1
215.0
233.5
255.8
276.1
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30

         Table ef earthquake No. 15.
57 Nov. 27d 14h 24m 47s Aive part Mie Pref.,
         (34.70N, 136.20E H==70km)

W Honshu.

P-wave S-wave
Station Phase[Time PhaselTirne d

'S

tts

Kameyama
Kamigamo
Abuyama
Hikone
Nagoya
Gifu
Sumoto
Shionomisaki
Fukui
Takamatsu
Kochi
Matsuyama
Hiroshima

       i            elli gzm s59.3
1.2
1.5
2.4
5.0
5.4
8.7

11.7
22.5
18.7
27.9
34.0
36.7

I

I

'liil 25

26

m s
6.3
9.4

10.0
11.5
15.4
16.1
22.8
28.1
29.4
39.6
55.9

6.5
!2.0

  km
29.6
57.4
61.2
64.9
87.1
94.5

i24.2
144.6
15e.1
202.0
278.0
328.0
348.4

          Table ef earthquake No. 16.
56 July 18d Oh 42m 37S S part of Tokushima Pref., Shikoku.
       (33 3140N, 1341/40E H=:O-20km)

Station

J.,

N

E

Tokushima
Murotomisaki
Takamatsu
Kochi
Sumoto
Okayama
Wakayama
Matsuyama

P-wave
Phase l Tirne

  pti',.  ms42 48.2
   50.2
   5i.6
   51.8
   54.5
   58.8
   59.7
43 1.9

S-wave
Phase i Time

il'l 42

43

m ii"

d

  km
46.3
55.6
48.2
70.4
88.9

107.5
100.1
135.3
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se

58 June

  Table ef earthquake Ne. 17.

17d 16h 20m 12s Awaji-shima, va Honshu.
 (34.50N, 134.9eE ,EfntO--lekm)

Station

l
I

J Sumoto
Kobe
Wakayama
ftimeji

Tokushima
Osaka

Takamatsu
Okayama
Nara

Kyoto

Kamigamo
Toyooka
Maizuru

Owashi
ShiQnomisalsci

P-wave

Phase Time

J

A

s

l

iPNi•J

ePNnz
     i
iP
iP.w•J

iP

iP

iP

iP

eP
eP
i•Px

I)ivJ•iz

iP

P,wi

ePx

l 82
ii'

ili3

S-wave

     iphase l Time

iSaynX

iSN Iptt

is

iSN J•1

is

is

iS

eS

is

s
iSi'

iSNJ•iZ

is

SxVIJ

eSx

g2
  s
l8.3

26.0

26.2

28.0

302
34.5

36.5

41.1

41.8

43.3

45.7'

48.6

49.4

51.4

54.4

,d

  krn
 18.5

 33.4

 38.9

 40.8

 57.4

 59.3

 81.5

 92.6

 94.5

 96.4

100.1

105.6

116.8

127.9

142.7
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54 Dec.

  Table of earthqual<e No. 18.

21d 19h 31m 58S Near Kyoto, ur Honshu.
 (35.leN, 135.7eE ,}ll=20km)

Station

c

F

s

l
l Kyoto
i

I Hikone

l Osaka
I Nara

l Maizuru
l i<obe

i
 Ibukiyarna

 Tsuruga
l Kameyama
I

 Tsu
 Himeji

 Wakayama
 Toyooka
 Sumoto
 Gifu

P-wave

Phase

      Nlil2' e

ii'

Time

s3
'il

llii

iii

S-wave

Phase

      :lliii

ll'

  i ii

Time

lliillli

liii

d

  km
  9.6

 54.5

 52.2

 47.9

 50.0

 65.9

 69.7

 69.6

 75.1

 86.6

 95.6

107.7

 93.8

111.0

102.7

6. ?eissoll's ratio obtained in ether distriets

    The estimations of Poisson's ratio are carried out in

qual<es tabulated below are examined. The data of the

observed by S. Omote (16). The epicenter of the third

Yakedake Volcano in central Honshu.

other districts. Some earth-

second earthqttake are those

 earthquake is located near

Origin Time

57 Dec. 31d 22h 30m 27s

48 July 29 16 1

Location of Epicenter

Fukui Pref., Central ffonshu.

:,6 June 24 4 51
'i

One of the Aftershocks
Fukui Earthquake
Local Earthquake near
dake, C/g/ntral H.onshu.

of the

Yake-

Mar. 2 7 17 16 E part of Yamanashi Pref.,
Central Konshu.

Focal Depth

    -km20 ca

Shallow

Very shallow

20 ca

Vp/ Ys

!.65

1.68

1.58

1.76

    The va}ues of Va)/V, are normal in the cases of the first three earthquakes, but

that of the fourth is considered to be anomalously }arge, being similar to the case of

the Kyushu district. Namely, in the Yamanashi Prefecture, the value of Vp/V, is

larger than in the neighbouring region. It should be pursuited by a more detailed

test using more abundant seismic data,
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Z Somae considerations en the Iow-velocity layer

    Recently, Gutenberg stated that there are so-calied low-velocity layers in the earth's

crust and the upper mantle. In these layers, the P-velocity variation with depth is

considerably different from the S-velocity variation and the rate of decrease in S-

velocity 2s larger than in P-velocity (7).

    In some regions, the depth of discontinuity estimated from the S-velocity is found

to be greater than that estimated from the P-velocity. Katz represented the alternative

explaRation that the existence of layer with an increase of Poisson's ratio results in

the different depths of discontinuity as mentioned above (17).

    By the present investigation, it is ascertained that the layer with an anomalously

large Poisson's ratio exists in the particular regions such as the Kyushu district.

But the correlation between such anomaiy o{ Poisson's ratio and the velocity variation

with depth should be more investigated in future.

8. Summary
    Poisson's ratio in the earth's crust is investigated, especially in relation to

their local character. The P-S diagram method is effectively employed. CoRsidering

the correlation of the value of V./V, with the focal depth of each earthquake, the

mean straight lines in this diagram are drawn respectively and the anomalously large

value of Vp/Y, whlch is calcuiated as from about 1.80 to 1.85 was found in the Kyushu

district. The an6malous domain is considered to be situated at depths from about

20km to 40km in the earth's crust. The amp!itude and period of seismic waves
transmitted through this anomalous domain, the velocity variation with depth in this

domain and others should be investigated ln near future.

    Moreover, the secular variation of seismic wave velocities are reported by some

investigators. The value of Vv/V, may probably vary with time. From those

stand-points of view, further research of Vp/V., is considered to be one of the effective

and important methods to increase our knowledge on the nature of the earth's crttst.
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Fig. 3. The horizontal seismograms of earthquake No. 1 recorded at Matsuyama (A==81.5km,
       in Shikoku). The constants of Wiechert seismograph are as follows (Magnification=
       70, Period=5.0s Damping ratio==5).

               (By the courtesy of the Matsuyama Meteorological Observatory)

    " .. ,1•fiiil

  't es --       N ., ss

     rrsn ;
  ..va.-pmpm. rw-he-v-w-inWW

                if ee

         tw":-. $.
Fig. 4. The horizontal seismograms
       in Kyushu). The constants
       80, Period=4.8s, Damping

                (By the courtesy

ii   5 i,'  ,,,,,, 3"" itil"liS'ect"'.'t31•ileg{•e'

.t
.,.f:x

S xL•lj pt ., es,g'-\x,

                                eelx

                    sP LS-, ec

 I•,nt......L,L.., .., t, ,,., , ,..--"T X

     No. 1 recorded at Kurnamoto (A=148.3 km
   seismograph are as follows (Magnification=

       Meteorological Observatory)
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