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Abstract

Regional variation of the crust and uppermost mantle structure
in Japan was estimated from the analysis of P, arrivals. Travel-time
curves represented by the cubic equation were separately fitted to 83
well-observed shallow earthquakes which occurred in and around the
Kanto district by taking into account the velocity gradients with
depths. P, velocities vary from 7.4 to 8.1km/sec and velocity gra-
dients with depths have a mean of 0.007 km/sec per km.

Residuals from the fitted travel-time curves show some systematic
geographical features, i.e. early arrivals on the Pacific Ocean side of
Northeast Japan and late arrivals on Southwest Japan and on the
Japan Sea side of Northeast Japan. Such features are closely corre-
lated with the regional variation of the crustal thickness derived
from the Bouguer gravity anomaly and the surface dispersion.

Hypocenters of 4865 earthquakes occurring in and around the
Kanto district during the 16 years from 1963 to 1978 have been re-
located by correcting the mean P, residuals at each station. Focal
depths have been determined to a tenth of a kilometer instead of the
10 or 20km step employed by JMA. Relocated epicenters show a
tendency of clustering in smaller regions.

A low P, velocity of about 7.4 km/sec was observed for the Mid-
dle Gifu Prefecture earthquake of September 9, 1969. The travel-time
curve for this earthquake requires lower velocities by about 0.4 km/sec
over the entire depth down to about 100 km than those for the IcHI-
KAWA and MoOCHIZUKI (1971) model.

An exceptionally low P, velocity of 7.1 km/sec was observed for
an earthquake occurring near Sado Island, Niigata Prefecture. Its
velocity profile suggests either the absence of the normal velocity
jump around the Moho discontinuity or the existence of the unusually
thick “intermediate layer”.
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I. Introduction

Travel-time anomalies have been studied extensively in Japan, as
reviewed by UTSU (1971). Travel-time anomalies in the Japanese region
are considered to be caused mostly by the existence of a high velocity
zone of the Pacific lithospheric plate descending beneath the Asian con-
tinent. Recently, travel-time residuals for nearby-deep earthquakes were
studied by UTSU (1975) and MAKI (1978). Teleseismic residuals were also
studied by MAKI (1979b). Systematic regional variations in the fravel-
time residual were observed for both residuals. UTSU (1975) obtained
less of a velocity contrast within and around the inclined seismic zone
in the upper mantle by separating the effect of the crust and uppermost
mantle. Significant regional variations in the crust and uppermost mantle
structure have recently been derived by the refraction measurements
using explosions. Further discussions on the lateral variation of the
upper mantle structure must be made by separating the effects of the
ghallow parts or the crust and uppermost mantle.

Accurate hypocenters can be obtained by applying the station cor-
rections to the travel times (MAKI, 1979a). However, for such a region
of complicated velocity structure as the Japanese Islands, it is not easy
to estimate appropriate station corrections. Especially in the case of
locating local shallow earthquakes, only the regional variation in the
crust and uppermost mantle structure must be corrected, since the travel
times travelling only in the shallow part are free from the anomalous
structure in the upper mantle. In this paper a crustal bias directly
beneath the stations has been estimated from the P, travel times and
applied to the relocation of earthquakes in and around the Kanto district.

Refraction measurements of the crustal structure were extensively
conducted by the Research Group for Explosion Seismology. The results
summarized by ASADA and ASANO (1972) indicate that the P, velocity
varies from 7.7 to 8.0 km/sec, the crustal thickness from 20 to 40 km, and
the velocity in the lower crust from 6.0 to 7.0 km/sec. Recent studies of
the crustal structure from explosions at seas around Japan show more
distinct lateral variations in the P, velocities from 7.5 to 8.2 km/sec (Re-
search Group for Explosion Seismology 1977 ; OKADA et al., 1978a, 1978b).

Crustal structures were also studied by the use of the travel time
data from natural earthquakes (AKI, 1965 ; Research Group for the Travel
Time Curve, 1967, 1972 ; YOSHII, 1971 ; SUZUKI, 1978).

Regional variations in the crustal thickness were also studied from
the Bouguer gravity anomaly (KANAMORI, 1963a, b), and from the surface
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wave dispersion (KAMINUMA and AKI, 1963). MIKUMO (1966) proposed a
number of possible models for the crustal structure in Japan by re-
analyzing the data of seismic refraction, gravity anomaly and surface
wave dispersion.

Residuals of P, arrivals were used to detect the regional variation
in the P, velocity around the San Andreas Fault (KIND, 1972). Time
terms of the P, wave were also studied in California (HAMILTON, 1970 ;
WESSON et al., 1973). Nearly identical values of the mean residuals and
the time terms of the P, arrivals were shown by BEDNAREK and MEYER
(1966).

In the last part of this paper regional variation of the P wave velo-
city in the uppermost mantle will be estimated from the P, arrivals of
some typical shallow earthquakes in and around the Kanto district by
taking into account the velocity increase with depth. Some wvelocity
models will be constructed for the travel time curves showing a typically
low P, velocity profile.

II. Materials and method

Travel-time data were compiled from the JMA Data File. In the
early stage of the present study, the travel-time data were collected from
427 shallow earthquakes in and around the Kanto district. They occurred
in the region bounded by the latitudes of 31° and 39°N and by the longi-
tudes of 137° and 145°E (shaded area in Fig. 1) during the 16 years
from 1963 to 1978. The data from 83 well-observed shallow earthquakes
selected from the above 427 were used in this study. These earthquakes
have magnitudes of 5.5 or greater and provide more than 40 travel-time
data which were read to a tenth of a second. Tig. 2 shows the epicenter
distribution of these 83 earthquakes. TFocal depths are indicated by the
number of pairs of sticks for every 20 km, and the radii of the circles
are proportional to the earthquake magnitude. Their origin times and
hypocentral coordinates redetermined in this study are given in the
Appendix.

In determining the hypocenter coordinates, preliminary determina-
tions of the origin times using S wave travel times were not made be-
cause of their large scattering. The travel times for the different kinds
of waves are observed, or S, wave times are read instead of the S, wave
times, while the P, times are read.

Composite travel time data for same depths were used by YOSHII
(1971), and average travel time curves for same depths were used by the
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Fig. 1. Location of the JMA seismographic stations (open
circles), and earthquake region used in the present
study (shaded area). Asterisks A, B and C show the
epicenter of the earthquakes used for the study of the
velocity structure in chapter V.

Research Group for the Travel Time Curve (1967, 1972). In order to
reduce the effects of the errors of hypocentral locations and origin times,
and to detect regional variation of the crust and uppermost mantle struc-
ture, travel time data were analyzed separately for each earthquake.
YOSHII (1971) obtained the P, velocities by the time term method
applying the relation,
t=a-+bd, 1

for the distance range from 175 to 600 km. Here ¢ and .4 denote the
travel time and the epicentral distance, respectively. On the other hand,
the Research Group for the Travel Time Curve (1967, 1972) applied the
relation,

t=a-+bd+cd?, (2)

for the distance range up to 1500 km.
Taking into account the results in the early stage of this study, the
second relation is used over the distance range from 100 to 1000 km. For
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Fig. 2. Epicenter distribution of 83 earthquakes used for the study
of P, residuals. Radii of circles are proportional to their earth-
quake magnitude given by JMA, and focal depths are distin-
guished by the number of pairs of sticks for every 20km.
Epicentral coordinates adopted here are those relocated by
correcting the mean P, residuals at each station (see text).

shorter distances, say one or two hundreds kilometers, P, velocities ob-
tained by the first relation show instabilities from one earthquake to
another. For longer distances where the P, velocities were well-observed,
the velocity increase with depth attributable to the third term in the
second relation cannot be ignored. Since a majority of the 83 earth-
quakes have focal depths near and below the Moho discontinuity, P,
arrivals were observable even near 100 km.

Examples of the observed travel times are shown in Fig. 3. Epi-
central distances and travel times are given referring to the epicentral
coordinates and origin times by JMA, as in the figures. Travel time
curves are iteratively fitted to the cubic equations by the least squares
method using only the data of residuals less than 3 seconds. They are
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shown by thick lines. Rates of velocity increase with depth are obtained
from the coefficients of the fitted travel time curves by the same method
as BATE and HALL (1975).

Examples with the normal P, velocity of about 7.7 km/sec in Japan
are seen in Figs. 3a and 3b. Figs. 3¢ and 3d show low P, velocities of
7.4 to 7.5 km/sec. Crustal velocities are observed at short distances less
than 100 km for shallow earthquakes (Figs. 3e and 3f).

Residuals from the fitted travel time curves are considered to repre-
sent relative diﬁerences of the travel times through the crust beneath
the stations. Fig. 4 shows examples of the geographical distributions of
the residuals from the fitted travel time curves. Boundaries between the
positive (late) and ﬁegative (early) arrivals are shown by thick lines.
Early arrivals on the Pacific Ocean side of Northeast Japan and late
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Fig. 3. Reduced travel-times of P, arrivals, and travel-time curves fitted by the
least-squares method. Formulae denote the travel-time curves and velocity
variation with depth.

(a) NE off Fukushima Prefecture on August 15, 1963,

(b) Kashimanada (E off Ibaraki Prefecture) Earthquake on September 18, 1965,
(¢) Niigata Earthquake on June 16, 1964,

(d) Off Miyagi Prefecture Earthquake on June 12, 1978,

(e) Off Izu Peninsula Earthquake on May 9, 1974, and

(f) Near Oshima Earthquake on January 14, 1979.
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arrivals on the Japan Sea side of Northeast Japan are usually observed
as shown in Figs. 4a and 4b. Some confusing features are attributable
to the local variation of the crustal structure and to deeper penetration
of the seismic rays into the high velocity zone in the upper mantle
beneath the Japanese Islands (Figs. 4c and 44).

Table 1 summarizes the coefficients of the fitted travel time curves,
velocity variations with depth, and the mean and standard deviations of
the residuals for each of the 83 earthquakes. The last column denotes
the focal depths by JMA. The second and third colums indicate the
numbers of the travel time data compiled from the JMA Data File and
those used in determining the travel time curves. A total of 5482 out of
7183 travel time data were used. The standard deviation of the residuals
for each earthquake varies from 0.7 to 1.4 second with a mean of 1.0
second.

Fig. 5 shows the frequency distributions of the P, velocities and the
rates of velocity increase with depths. The P, velocity varies from 7.4
to 8.1 km/sec. The mean P, velocity is 7.7 km/sec, which equals the mean
velocity obfained in the refraction studies from the explosions in Japan
(ASADA and ASANO, 1972). The mean P, velocity of 7.4 km/sec given by
the Research Group for the Travel Time Curve (1967) is rarely observed

- Pn velocity Velocity gradient -
20— —20
N = -N
10— —10
o1l 1 ! L ! L] [o

70 75 8.0 85 0000 0005 0010 0015

V, km/sec k, km/sec per km

Fig. 5. Frequencies of P, velocities (V, km/sec) and velocity
gradients with depths (k, km/sec per km).



T. Mak1

318

0" 0%
007

o 0¢
0°Ccy
00

0°0naq
0°0%
0° 0y
0°0y
0° 0%

000*T~/+361°0C =S34
CIT*1-/+000°0-=S3Y
L05°0-/+4000°0 =S3Y
668°0-/+4000°0-=S53Y
GZZ*TI-/+000°0-=S3A
9T6°0=-/+000°0-=53Y
HH600=/+000° 0~=S3
T6AH0-/4000°0~=53Y
2ET°1-/+000°0 =S 34
¥G6°0-/+1€0°0Q =S3Y
L19°0=-/4000°0-=S3
%20°T=/+4000°0 =S34
£60°T-/+000° 0-=S3¥
Z91°1~/+000°0-=S34
QRZ2°T-=/+000°0-=S3Y
CIT°1-/4000°0~=S83Y
€0 T-/4000°0-=S3%
£20°T=/+4210°0 =S3¥
697 °1-/+4000°0 =53
1627 1=-/74000°0~-=S2%
RIT*T-/+000°0-=S3
Sy T~-/+000°0-=53Y
I91°1-/+000° 0~-=S3
GH1°*1-/+4000°0-=S3Y
TLO°T-/4000°0 =S3N
LOT*T=/+000°0 =S3¥
9%E*T-/+000°0-=53A
|7C*1-/4000°0~-=S3¥
LT1T1°1-/+000°0-=S3y
H04%*1-/+000°0-=5S3Y
£e0*1~-/+200°0-=S3Y
8IT°1-/+000°0 =S3Y
65€°1-/+000°0-=S34
»G6°0-/+000°0—=53Y
9TIT*T~/+020°0 =S3Y
L0 T=/+000°0 =S3M
IN60=-/+000°0 =S3¥
HHETT=/4000°0-=S3Y
NOZ°T=/+000"0-=S3>
021+ 1-/4000°0 =53
191°1=-/+000°0 =534
2T1€°1-/+000°0 =S3¥

S W

oWI}-[9A®BI} OY} JO SIdqUNU SMOYS N
pue apnjije|[ ‘wi]} uidLIo) sd93BUIPIO0D
-9p paepue}s oy} pue (09s) py urew oY} pue (wy tod d9s/wy) ¥ JuSIPRIS LI00[0A ‘(09s/wy) 4 AJD0[PA “ ‘po+pq+v=1
Ul SOAIND SWI}-[0ABI} 9} JO (;W¥/99S) 2 pur (wy/298) ( ‘(998) ® SIUSIOYS0)

PZ7XROEE00°0+092° L
LZ%0€€900°0+6€L"L
§74410900°04895*L
VZ%68€L00°0+49€G°L
$7x210L00°0+ZH% "L
2%%%2600°0+45R€E°L
bZx€£G6GL00°0+009 %L
$Z24662600°044€Y "L
£7%7H1900°0+%2G° L
$Zx2%1T00°0+8¢0°3
$74592T800°0+€8G° L
§7%LR6700°0+47L8°L
7x2LTH000+5LL" L
$7x6HZH00°0+0T8"% L
§7%HZ20900°Q+GEL" L
$7x798600°0+9G6L %)
P7%661L00°0+T€0°8
$7%9€L000°0+HGL L
LZ7xETGRO00+ET9°L
4 Z%726200°0498%° L
$7%9TFL00°0+165°L
$7x0L5900°04499° L
L7406GET0042HE L
L7xCHHBOD°0+229° L
LZ7xZ281L00°0+129° L
72008900 ° 04689 "L
72x18£0T10°0+€9¢€°L
L7xEGHH00°04006°L
L7x865G00°040L9° L
$7xGERL00*0+GRETL
7xLGELI00°0+L60"L
L74€16900°040L6%L
72744000 04T2€% L
FZ7£G660000 04689 L
£2406LLC0°C+92%° L
LZ7xT89A00°0+06% "L
7220650004699,
L7x0GOH00°040CL" L
§7%2T6E00°0+H19° L
EZ72650000°04€L9°L
$72020%00°0+€R8 "L
$7%0CE600°0+€LG°L

A OA

‘VINC £q udald (wy) yydep [e20] oy} sojousp H

- . m e . e on -

- -

—.--»....--...-.-.»....»»-..

- -

%#QxB0-3CTTQT*0-0x6821°0+6T11°% =1 19 /8L ¥

*0-UubyET*C+66%"L =L €L /16 8¢€

0+26L°L =1 26 /€9 9¢

e Gt gen e

LC+DCY v =1 &5 J00 7c

€%

ﬂ*%mewo ~36109¢€*0-0%262T1°0+02G°% =1 29 /69 1%
Canx0xR0-1T19%6¢*0-0x12e1°C+yv66°E =1 %% /98 OY%
mvuz,no -30LT€6 0-0%L2€1°0+4L58°€ =1 8% /9& 6¢
Caxd%P0~-32G650S

Eax0%xB0-3T2HRE*0-0xHGET C+1LB°E =L 65 /89 L&
Cak(xPO=-IBETHG " 0-0%FTET"*
Cxx(xRN-AG6EL6°0-UxGHTT 046066 =1 26 /1L &€
Cxenl) B0 - quMcm.c -(ixbcel* C
Cux(xA60-36G%01°0-0x%4%21°C+L€0°S =1 0L /26 ¢¢€
Cxx(0%xR0-3060C0 0-0%6TET°C+298°¢ =L 1¢ /B9 <t
CasUx60-34229L°0-0Gx0LTT°C+ETT*S =4 2L /68 1¢
Cxx0xP0~I%EHG1°0-0x9221°0+888°% =1 19 /08 O0¢

Cxx0xR0-3092L6T°0=-0x082T°C+52L Y =1 1¢ /9L 6C
Cax(%f0-3€502€°0-0%6821°0+241°L =1 09 /2L 8¢

6821°0+620°L =1 8% /0L L2
<GHZT* 0466729 =1 1y /6 92

*0+628°2L =1 696 /L8 1¢

ﬂ.e:enolmwooom.al.

Tan0 ~394%91%°0-Cx

ﬂ*sceoa -3G68€640-0%0621°G+09L*% =L LS /2L &¢
CxxQxR0-TLHHEI 0-Ouh TET0+%C6°S =1 06 /99 %
Txu(%80-3G8L609°0-(x0€ET1°0+4%22°G =L 96 /0L ¢€¢
CauQxR0-0%6606°0-0xL1€T°C+8LY*y =1 16 /99 ¢¢
Cxx0xP0-30962€"0-0%x50C1
Can(xl0-365%61°0-(1xZ9CT1°C+65%°€ =L 96 /6L 0OC
Cxx0%00-3016L9°0~-0%2T1€1°C+669°6 =L 09 /L9 61
Cax(%B0-3€960H*0-0xZTET° 0+ €62y =L 6L /L6 81
Cxx(%B0-IBHH2Z4*0-0xT0ET*0+9L6H =1 2L /96 L1

Cax(%l0-3L%211°0-0%BGET*0+20%° ¢ =L &Y /85 91
CxxQ#00-302291°N=-0%G921°C+205°G =1 8S /68 G1
Exu(xR0-3%0692°0-0x%0E1°0+4%92°%Yy =L €& /6L %1
£x%0%80-3E06€9°0-0x»GE1°04€02°L =L LS /68 €1

2 3

€4%x0%80~-3L80€9°0-0%60%1°0+9€9%2 =1 1L /26 1
€xx0x80-3%EL0Y*0-0xT2ET0+4¥0L*L =1 €L /68 11
Cax(x80-3691CH 0~Ux/LGET°C+€%0°G =1 09 /18 O1
Cxx(xB0-3€99/€°0-0UxGYET*C+120°L =L €6 /9L 6
CxxQBQ~FECLTO*0-0xLHET1°C+298%°¢ =1 06 /S01 6
Exx0%80-37%626°0-(%xGCET*0+TL6"E =L €L /001 L
Cxx(%20-360722°0-0x¥NET*C+25T*8 =L 99 /68 9
Can(1£Q0-T0HH6T1°0-0x262T1°0+929°4 =1 66 /2L &
Cxx(%80-3L9E€T°0-0x0921°C+0%T%¢ =1 99 /06 %
TaudxBC-3LEQEE 0-UxCO0ET*0+E€9°% =1 6L /01 €
CanxR0-38HLET 0-Ux6921°C+6ve"G =1 LL /%6
Cxx(¥B0-2TIGFB°0-0x02ET°C4+6TH*% =1 BL /20T 1

\ N ON

‘pasn puB pajod[[0d BIBP

‘xtpuaddy ul udAlS axe (opnjLsuo]

[890,] "POISI[ oIB SOAIND SWI}-[0ABI} PIIIY OY) JIOJ S[BOPISAOL 9y} Jo (998) G uoIjeIA

‘SAIND OWI}-[9ARI} U} JO AIBUWIWNG

‘T olqeL



319

ion

t

°ca

f Pn Residuals and Its Appli

0n o,

Regional Variat

“ 2 .

3

-

.
DODOODDDD
MEF I ran—an

.

[eRde12

0°01

H€0*T-/4000°0 =S3Y
2%6(°0=/+000°0 =S3%
LEO*T-/+000°0~-=S3n
ST6°0-/4000°0 =S3¥
116°0~/+4000°0 =S3¥
910*1-/+96£°0 =S3%
29T*1-/+000°0-=S3Y
72G66°0~-/4100°0 =53
9€6°0~/+000°0~=S3Y
€G2°*T—=/+000°0-=S3¥
2LL*0~/+000°0-=S3Y
H26°0-/+000°0 =S3Y
55T°1-/+000°0 =S3¥
BOT*T~/+000°0 =S34
LG60~/+LE0°0 =S3¥
L0T*1-/+4000°0 =S3Y
0€6°0~/+4000°0 =S3Y
076°0-/4+000°0-=S53Y
GLL*0-/+4000°0-=S3)
YE6ET0-/+000°0 =S¥
068°0~/+4+000°0 =S3¥
g§16°0-/4000°0C =Sy
250 1-/4000°0 =S3Y
LG2°T=/+200"0~-=S34
Z2R6°0-/4000°0~=S3Y
120 T1=/+4000°0 =S3¥
06T1°*T-/+000° 0-=S3¥
Q00°*T-/+000°0-=S3Y
160°* 1T=/+000°0~-=S3Y
€HT*T~/+000°0~-=S34
201°1-/+4000°0~-=S3Y
9G0°*1~/+4000°0-=S3Y
192°1-/4000* 0~=S3Y
9¥0°*T—-/+%L1°0C =S3Y
GHL*0~-/+000°0-=S3Y
$30°1-/4000°0-=S3¥
COA*C-/+/4T°0 =53
8659°0-/+900°0 =53
AAT*T-/+GHT°0 =53
Q60°1-/426T1°0 =S3¥

9L6°0~-

S

/+000°*0-=S3Y
W

$7xG6H7G00° 0+¥ 15 L
$ZxG%E900° 04159 )
§7%1€4800°0+815°L
L749T0L000+%0% "L
$Z2400€S00°0+HT13°L
PTx0€LH00°0+€0L" L
$ZxTH€900°0+16G6°L
7400690004016 L
£22991900°0+48% ",
b7%20L6500°0+42L%°L
$72%212T00°0+16L° L
$74261600°0402L%L
$7%ECHI00°0+2RL"L
£7x90L100°0+4228°L
$7x5LTTO0°0+6T8% L
LZx€9LG00°0+9T16° L
£7x290900°0+816° L
¢7%1%T900°0+99¢€*L
$Z7x0€€900° 040232
§7xT761500°04903°L
tZ7%QR72800°0+89€° L
LZ%RRLG00°0+EEG"L
LZ72GZ6%00°0+195°L
LZxRLITEOD 04259 L
72%T192900°0+182° L
{72987€00°04.00°73
£759%8G600°0+8GH" L
$7x166100°0+4829° L
LZ7%9672800°040T19%L
$25486900°0+4L19°L
$7%220900°04%2L°L
$Zx12T900°04689°L
L2x660%00°0+42€L"L
$7%21G6200°0+40.L6°%L
$72£00T600°04T1€" L
7xBEZ900°0+40E9*L
$2%292T00°0+1L6°%L
$ZxT121500°0+4216%L
$7x00€200°0+€98°L
$Z7%068200°0+T12L0°3
§7x60L900°0+09G° L

b OA

Zxx02B0-3CETELZ"®
CHx(0x80-3%T1GLE
Cax(%00-38896L
Cxx(1x80-3G91€6Y
Zaa(x80-34169¢
Cax(IxR0-3L2661
CrxdxB0~IGNERE
Cxx(QxR0-IGBLLY
Tax(%xR0-396L6%
XX 0-309/.67
Cax(l%60-3692+1
Cxxx80-388€CE
Exx(xR0-38%/C
Cak(ub60-32HECT
Cxx0%50-391021
Cax(xR0~-32601L7
Cxx0%00-32209F
2x(xBO-3E0HES
Cxx0x80~304HLLE
##x(Qx00-328BE6C
J%80- mﬂom~>
%*(1x80-3%056%
M%naluamonw
A%x60=-3862%6
0%80-30L9%¢
0%60-39€9L87
#(xP0-3H2EHE
K] xB0-JEBTHE
Cax(%R0-3L9069
Exx(x80-JCZ54%
CHx0x0-306L7¢
Exx(Ix80-3G5H%E
CanxR0-ACHTGT
Cxxlxh0-3G6EHYS
CAax(x80-39620¢
Cxax(x80-3069¢
ﬂ*%zﬁmo -340¢€2 "
xx(14Q0=-7CGTET"
.awag HO0-3CG6HRY

L

-~ . . - -
™

-

Al
v‘?

'\m i

[ T
3
* Eowo *

a‘(-

'ﬂ(ﬂ "\mmmmmm (A}
s‘* *';c-ﬂ-i‘ w3

D

-

hhhc-

Peax(xb0-309C49°
fexx(x20-JBGEEH "

2

"(penunuod) 1 o[qe],

0-0x%92T°0+965°%
*0-0%80€1°0+528°S
*0-0%xLIET 0+ERE"T
*0-Cx0%€1°CG+edy €
*0-0x€TET1°0+E99° ¢
*0-0#%8RCT1°0+4+7208" ¢
*0-0xLTET° 04964 7€
*0-(xCEET 0+426%° €
*0-0%x9EET1°0+L0E"E
f0-0%BELT0489L°E
TO-0xERZT° 04661y
*0-0x%5621°0+18L" ¢
He0-(0xG821°0+9%2°S
*0-0%8LZ1°C+8L6°6G
“0-046L21°0+86E°H
*0-0x€921°0+%92°L
*N-0%0ECT°04666° ¢
*0-(xBGET*0+E£60°E
*0-0%2TET*0+H%E" €
*0-0%1821°0+4009°%
.alc*wmmﬁ.o+¢mo-m
0-(0x2221°0+182°¢
*0-0%9621°0+416G6°6
*O0-0%BOET 0+ELH %
*0-0UxGBZ1 04669 %
*O-0%x6%Z21°0+%85°%
*O-(xTveT " 0+18H"C
"0-UxTTIET°0C+L696°€
"0-0xy 1170494676
*O-0xE0ET°0+06T°S
“0-0x5621°04006°¢€
*0-0xT0ET°0+026°€
*O0-U%E62T°0+90% %
*0-0%6G2T*0+199°%
*0-0#89€T1°0+26% €
*C-0xTTET C+0L6°E
0-0%GG2T1°0+LE9" m
0-0xv321°0+609°
.OIQ%N»NH.O+omm-N
0-0%6€2T1°0+06G6° L
0-0x€2€1°0+825°¢€

& v

98 /€01
1L /¢6
%9 /68
69 /LL
%6 /021
S /€9
39 /68
EOT/H%T
ZL /26
16 /vL
€9 /16
101/6%1
98 /911
€E0T/EHT
€6 /421
301/%21
6L /211
19 /%6
86 /2L
LL /66
L6 /521
68 /011
€6 /301
0s /89
€9 /Lt
L /48
0s /9L
99 /16
Ls /89
ZL /16
%S /SL
Zs /9L
86 /0L
L9 /18
s /L9
16 /69
2L /16
9¢ /¢l
0s /29
¥ /29
29 /08



320 T. Maxk1

in the present study. This might be caused by excessive effects of the
4* term over longer distances up to 1500 km. Smaller rates of the velo-
city increase with depth are observed, compared to the resuits within
the crust (HILL, 1971).

III. Regional variation of the P, residuals and

its geophysical implication

As stated in the previous chapter (Fig. 4), the P, residuals show the
systematic geographical variations though some different features are
observed from one earthquake to another. P, residuals are summarized
for each station. Although the azimuthal variation around the station is
observed for the teleseismic residuals (MAKI, 1979b), P, residuals do not
clearly show such azimuthal dependence. Frequencies of P, residuals at
each station show the normal distribution. In Table 2 the mean and the
standard deviation of P, residuals are listed for stations with 10 or more
observations. The P, residuals vary from —1.0 to 1.0 second, and the
standard deviations are less than 1.7 second.

In Fig. 6 the geographical distribution of the mean P, residuals is
shown by the different symbols. Averaging all stations the mean P,
residuals is —0.06 second, and the standard deviation is +0.43 second.
- Solid symbols show late arrivals and open ones show early arrivals. The
Pacific Ocean side of Northeast Japan from the Hokkaido to the Kanto
district is characterized by the early arrival. Later arrivals are observed
in Southwest Japan and on the Japan Sea side of Northeast Japan,
especially in the mountain region of the central Japan.

The geographical distribution of the mean P, residuals is compared
with the crustal thickness derived from the surface wave dispersion,
shown by broken lines (KAMINUMA and AKI, 1964 ; taken here from the
SUGIMURA and UYEDA’s (1973) paper). Common features are generally
observed between the two, but some local variations can be seen in the
P, residuals of the present study.

Since the P, residuals are considered to show the relative differences
in the travel times through the crustal part beneath the stations, dif-
ferences in the crustal thickness can be estimated by assuming the velo-
cities in the lowermost crust and uppermost mantle, Fig. 7 shows the
regional variation of the relative differences of the crustal thickness for
the assumed one-layer crust with the velocities in the crust and in the
uppermost mantle, 6.0 and 7.7 km/sec respectively. Only the boundaries
between the positive and negative residuals are shown by solid lines.
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Pn residuals
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Fig. 6. Geographical distribution of the mean P, Fig. 7. Differences of the crustal

residuals for 83 earthquakes in and around thickness (in km) derived
the Kanto distriect. P, residuals are shown from the mean P, residuals
by six symbols, and closed ones show late by assuming the velocities
arrivals and open ones show early arrivals. of the lowermost crust and
Broken lines show the contours of the erustal uppermost mantle as 6.0
thickness derived from the surface wave and 7.7 km/sec, respectively.
dispersion (KamiNuma and Ax1, 1963; Boundaries between the posi-
adopted here from SuciMurRa and UYEDA, tive and negative ones are
1973). represented.

The Pacific Ocean side of Northeast Japan is characterized by the thin
crust, and the thick crust is found in the Kyushu, Kinki and Chubu dis-
tricts and on the Japan Sea side of Northeast Japan. A region of rela-
tively thicker crust, exceeding 10 km, extends from the mountain region
of Central Japan through Niigata Prefecture. Such a feature is mot ob-
served in the study of surface wave dispersion (KAMINUMA and AKI, 1964).
An extremely thinner crust on the Pacific Ocean side of the Hokkaido
district is apparent and might be caused by a deeper penetration of the
seismic rays into the high velocity zone in the upper man:le beneath
Northeast Japan.
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324 T. Mak1

Fig. 8 shows previous geophysical studies implying regional wvariations
in the crustal structures: (a) Bounguer gravity anomaly (HAGIWARA,
1967, (b) crustal thickness derived from the Bouguer gravity anomaly
(KANAMORI, 1963a, b), and (c) heat flow (UYEDA, 1972). These geographical
features are generally consistent with the distribution of the P, residuals.
In the regions of the negative Bouguer gravity anomaly, such as the
mountain region in Central Japan, the boarder region of the Kyushu,
Shikoku and Chugoku districts, and the Kanto plain, thicker crusts by
10 km or more are observed. The early arrivals or thin crusts observed
at Aikawa (AIK) in Sado Island, at Wajima (WAJ) at the northern end
of the Noto Peninsula and at Saigo (SAI) in Oki Islands (See Fig. 1)
are consistent with the thin crust in the Sea of Japan (the Research
Group for Explosion Seismology, 1977). The coastal region on the Japan
Sea side is known as a region of high heat flow (UYEDA, 1972; UYEDA
and HORAI, 1964), and later P, arrivals are observed.

Fig. 9 shows the relation between the Bouguer gravity anomaly (Geo-
graphical Survey Institute, 1955, 1957, 1964, 1965, 1966) and the P, residuals
obtained in this study. An empirical relation shown by a straight line
in the figure is given for the California-Nevada region by PRESS and
BIEHLER (1964), but their relation is not held in Japan. Better correla-
tion with the Bouguer gravity anomaly is observed from the P, residuals

+200 T ] I
4g,=-3554t (Press &Biehler, 1364)

©
£

+100— N
>
o
IS
o
c
=]
]
2 o
g’) O - @ o
Q
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- l L
100} L x -

Pn residual, sec

Fig. 9. Relation of the mean P, residuals and the Bounguer gravity anomaly.
Thick line denotes the relation given for the California-Nevada region by
PrEss and BIEHLER (1964).
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rather than the residuals for the distant and nearby-deep earthquakes
(MAKI, 1978, 1979D).

In Fig. 10 the mean P, residuals are compared with the teleseismic
and nearby-deep earthquake residuals at each station. Stations in the
Hokkaido district are distinguished by triangles. Nearly identical values
of the means P, residuals suggest that the travel time anomalies from
the distant and nearby-deep earthquakes may be attributable mainly to
the regional variations in the crustal structure beneath the stations. In
the recent study of the travel times from the nearby-deep earthquakes
around Japan, UTSU (1975) obtained smaller velocity contrast of about 3%
over previous results in the upper mantle around the inclined seismic zone
(high velocity zone). Another part of the travel time anomaly from the
nearby-deep earthquakes might be caused by the crustal part. Such a
result supports the idea of the large effect of the regional variation in
the crustal structure.

T T T +2 T T T
Teleseismic Nearby-deep o
o o
% o
o o
- a o @ —+1 b a o4 4 N ° N
2 0 a o & o
00 0, s 2o )
a2 ° 880.) oo a o o% °° °
o o °
a g 0°A5>°%8 ° B 0 ° [ o °
I~ % o 80, 8° -0 0% ao %o —
000 5o o4 a ° o o
a A . 0 °
a ° o )
o ° -1k 0 % N
°© o
° o e
° ° Hokkaido a
I L ! -2 1 | 1
-2 -1 0 +1 +2 -2 -1 0 +1 +2

Pn residual, sec Pn residual, sec

Fig. 10. Comparison of the mean P, residuals with the teleseismic residuals
(Maki, 1979b) and with the residuals from the nearby-deep earthquakes
(Mak1, 1978). Thick lines show the agreement between them. Stations in
the Hokkaido region are distinguished by triangles, because they are
strongly affected by the high velocity zone beneath Northeast Japan.

IV. Relocation of earthquakes in and around the Kanto district
by correcting the P, residuals

Systematic differences of the hypocenters of deep earthquakes in the
vicinity of Japan, determined by various agencies, have been explained
by the lateral heterogeneity of the upper mantle (UTSU, 1967, 1971, 1975).
UTSU (1975) tried to redetermine hypocenters more accurately by taking
into account the lateral heterogeneity.
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Hypocenters of the local earthquakes are also affected by the lateral
variation in the velocity structure, especially in the crust and uppermost
mantle. MAKI (1979a) tried to relocate the local earthquakes in the Kanto
district by the Joint Hypocenter Determination method (DOUGLAS, 1967).
Maki obtained three kinds of the station corrections for the different
classes of focal depths. Station corrections at some stations show a signi-
ficant variation among the different classes of focal depths as shown by
the Research Group for the Travel Time Curve (1967).

It is expected that the application of the station correction will make
it possible to determine more accurately the hypocenter and crigin times
by reducing the standard deviation of the travel time residuals as shown
by MAKI (1979a). In this chapter the earthquakes in and around the
Kanto district are relocated by using only the P wave travel times cor-
rected for the mean P, residuals at each station (a computer program
called HYPOS30).

The JMA located 6657 earthquakes occurring during the 16 years from
1963 to 1978 in the shaded region in Fig. 1. Of these earthquakes, 1972
were excluded because of the small number of P wave travel time data
with residuals less than 8 seconds. Relocated hypocenters and origin times
of 83 earthquakes used in the analysis of the P, residuals are listed in
the Appendix. Focal depths have been determined to a tenth of a kilo-
meter instead of the 10 or 20km steps employed by JMA. Significant
differences in the focal depths are sometimes observed between those
determined by JMA and those relocated.

In Figs. 11a and 11b the geographical distribution of the JMA epi-
centers and the relocated ones in the present study are compared for
earthquakes with focal depths less than 100 km. Radii of circles are pro-
portional to their earthquake magnitude, and focal depths are denoted by
the numbers of pairs of sticks for every 20km. A tendency to cluster
within small regions and a reduction in the number of earthquakes
are observed off the Pacific coast extending from Ibaraki Prefecture
(Kashimanada) to Sagami Bay. In Fig. 12 epicentral distributions of
the relocated earthquakes are displayed for three ranges of focal depth,
(a) h=0—380km, (b) A=380—60km, (¢) h=60—90km. Shallow earthquake
activity observed in the off-coast region extending from Ibaraki and Chiba
Prefectures, and in the inland region extending from the Izu Peninsula
to the western part of Tochigi Prefecture through the eastern part of
Yamanashi Prefecture and western part of Saitama Prefecture, where
some destructive earthquakes have occurred.

It is a well-known fact that the foci of mantle earthquakes in the
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Kanto district show a strong tendency to cluster (TSUMURA, 1973 ; USAMI
and WATANABE, 1975; MAKI et al., 1978). A linear trend of the epi-
centers in the southwestern end of Ibaraki Prefecture at the depth range
from 30 km to 60 km (Fig. 12b) and a significant clustering of the foci in
a limited region in the northern and central parts of Chibe, Prefecture
at the depth range from 60 to 90 km, located just east of the 140°E line,
were observed in the present study (Fig. 12¢).

In Fig. 13 frequency distribution of focal depths by JMA and those
relocated in this study are compared. Although the focal depths by JMA
have been represented in 10 km steps in the recent years and in 20 km
steps in earlier years, significant differences have not been observed as
stated by AKI (1965) in general. Two peaks around 50 km'by JMA were
not observed in those relocated.

1000

JTMA (n=6657)

1963-1978
31-39°N
137-145°E

500~

0’— 1 [
0 50 100km 150
100~
Relocation by using
N station correction
(n=4865)
S0
0 ! il
0 50 100 150

Focal depth, km

Fig. 13. Comparison of the frequency distributions of focal
depths given by JMA (upper) and those relocated in
the present study by correcting the mean P, residuals
(lower).

In Fig. 14 the vertical distributions of hypocenters are shown for the
E-W section from 139°E to 141°E along the latitude of 36°N (a) and 35°N
(b), and for the N-S section from 84°N to 37°N along the longitude of
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Fig. 14. Depth distributions of the relocated earthquakes along the E-W
sections through the latitude of 36°N (a) and 35°N (b), and N-S sec-
tions through the longitude of 141°E (c) and 140°E (d).
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141°E (c) and 140°E (d).

Chiba Prefecture.

Other than the major seismic zone associated
with the descending Pacific Plate from the east to the west, a minor
seismic zone dipping to the east is recognized south of 36°N or beneath
A tendency of westward thickening of the major

seismic zone dipping from the east is observed (Figs. 14c and T4d).
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V. Regional variation in the velocity structure of the
lowermost crust and uppermost mantle

Travel time anomalies associated with the high velocity zone in the
descending Pacific Plate have been noticed and an attempt has been made
to explain them by constructing the velocity profiles with depths (TADA,
1972 ; NAGAMUNE, 1973; SUZUKI, 1978) or the travel time table for a
particular region (ICHIKAWA, 1978). On the other hand, lower velocities
in the lowermost crust and uppermost mantle have also been observed.
According to the geothermal study in and around Japan (UYEDA and
HORAI, 1964), lower velocities in the lowermost crust and uppermost
mantle beneath the Japanese Islands are controlled mainly by the thermal
condition in the lowermost crust and uppermost mantle.

Lower P, velocities around 7.5 km/sec were observed in the inland
regions of Japan (AOKI et al., 1972 ; YOSHII and ASANO, 1972). For the
refraction measurements along the 139°KE line the P, velocity could not be
determined because the values of the refraction veiocity were too low,
e.g. 6.82km/sec by HOTTA et al. (1964) and 6.6 to 6.8km/sec by ASADA
and SHIMA (1968). Such velocities suggest the existence of an unusually
thick “intermediate layer” (KANAMORI, 1963b, c) along the 139°E line. Re-
cently HASHIZUME and MATSUI (1979) pointed out a gradual increase
rather than a sharp contrast in the velocity variation with depths around
the Moho discontinuity beneath Southwest Japan.

ARCHAMBEAU et al. (1969) showed a strong lateral variation in the
P wave velocity in the upper mantle down to about 200 km in the tec-
tonic region of the United States. They explained it by the regional
variations in the depth, thickness and velocity contrast of the low-velocity
zone and transition zones around the discontinuities in the upper mantle.

In the present study a variety of travel time curves are observed for
the earthquakes in and around the Kanto district. In this chapter some'
velocity models of the lowermost crust and uppermost mantle will be
constructed tentatively for some typical travel time curves, comparing
with the standard ones adopted by JMA (ICHIKAWA and MOCHIZUKI, 1971 ;
ICHIKAWA, 1978).

The relation of velocity gradients with depths and P, velocities is
shown in Fig. 15. A decrease of the velocity gradients with increasing)y
P, velocity indicates the existences of a slow increase in the velocity
with depths from higher velocity and an abrupt increase from lower velo-
city to the nearly same velocity in the uppermost mantle. Such types of,
velocity variations are shown schematically in the insert of Fig. 15.
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Fig. 15. Relation of the velocity gradients with depths and P, velocities.
Schematic variation of velocity with depths is also shown in the insert.

Shown in Fig. 16 are the depth variation in P, velocity (a) and velocity
gradient (b) with focal depth. Ultimate P, velocity up to 8.l km/sec is
observed from this figure. A slow increase of the velocity (type b in
Fig. 15) suggests the existence of a gradual variation of the velocity
around the Moho discontinuity, as preferred by HASHIZUME and MATSUI
(1979).

In Fig. 17 reduced travel time are shown for three earthquakes hav-
ing the typical features of the curves. Their epicenters are shown by
asterisks, A, B, C in Fig. 1. Thick lines show the travel time curves
fitted by the least squares method, and thin and broken lines denote the
reduced travel times from the tables by ICHIKAWA and MOCHIZUKI (1971)
and ICHIKAWA (1978), respectively. The former figures represent the
average travel times for the Japanese region, and the latier figures
apply to the high velocity zone located on the Pacific Ocean side of North-
east Japan.

An example of a travel time curve with the low P, velocity of 7.44
km/sec is shown in the upper figure of Fig. 17. The epicenter of this
earthquake occurring on September 9, 1969 is located in the middle part
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Fig. 16. Depth variation of the P, velocities (upper) and velocity
gradients (lower).

of the Gifu Prefecture, Central Honshu. The iniddle figure shows an ex-

ample of an extremely low P, velocity of about 7.10 km/sec.

This earth-

quake occurred on November 27, 1964 near Sado Island. Such a low P,
velocity was also observed at epicentral distances up to 600km or to
penetration depths of the seismic rays of 60 km. The lower figure shows
an example of normal velocity for the Higashi Matsuyama earthquake
occurring on July 1, 1968, below the Moho discontinuity in the eastern
part of Saitama Prefecture, and the observed travel times are almost
identical to those by ICHIKAWA and MOCHIZUKI (1971).
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the travel-time curves fitted by the least-squares method, and their travel-
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(a) Middle Gifu Prefecture Earthquake on September 9, 1969.
(b) Near Sado Island Earthquake on November 27, 1964, and
(¢) Higashi-Matsuyama KEarthquake on July 1, 1968 (h=60km), showing the

normal P, velocity.
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Accordihg to the seismic ray theory (BULLEN, 1960; JULIAN and
ANDERSON, 1968), travel times for given focal depths are calculated for
some velocity models. In Fig. 18 the solid symbols show the calculated
travel times for the velocity models of ICHIKAWA and MOCHIZUKI (1971)
and the open symbols show those of ICHIKAWA (1978). Circles, triangles
and squares show the travel times for the three depths of 0, 20 and 40 km,
read from the above travel time tables. Ichikawa obtained the travel
times by the same method of summation of the travel times over a num-
ber of spherical shells 2 km thick as DOWLING and NUTTLI (1964).
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Fig. 18. Comparison of the travel-times for three depths read from the tables
(circles, h=0km; triangles, h=20km ; squares, h=40km), and for those
calculated for the velocities (thick, thin and broken lines) given by IcHI-
kAwA and MocHizuxt (1971) and Icuikawa (1978).

Velocity models and their travel times are shown in Fig. 19. Thick
lines denote those best fitted to the observed travel time curves, while
thin and broken lines show some typical less fitted out of many trials.
Shaded areas denote the range bounded by the those of ICHIKAWA and
MOCHIZUKI (1971) and of ICHIKAWA (1978). Circles denote the travel
times fitted to those observed.

For the travel time curve of the earthquake which occurred in the
middle part of the Gifu Prefecture, lower volocities by about 0.4 km/sec
were required over the entire depths down to about 100 km (Fig. 19a).

A lower refraction velocity of 7.1 km/sec was observed for an earth-
quake near Sado Island, Central Japan, at the depth of 27.0 km (Fig. 19b).
An apparent velocity of about 7.1 km/sec was observed up to distances of
600 km. Thus an unusually thick “intermediate layer” might be required.
Velocity variations with depth were tentatively constructed for this
travel time curve (Fig. 19b). The most distinctive feature is the absence
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Fig. 19. Construction of the velocity structure and corresponding travel-times for
the low P, velocities observed for the Middle Gifu Prefecture Earthquake on
September 9, 1969, (a), and the Near Sado Island Earthquake on MNovembér
27, 1964 (b). Best fitted velocity profiles and their travel-time curves to the
observed travel-time curves (open circles) are shown by the thick lines. Other
typical trials of the velocity profiles and their travel-times are shown by thin
or broken lines. Standard travel-times and their velocity profiles given by
IcHikawa and MocHizuk! (1971) and IcHikawa (1978) are also compared.
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of the Moho discontinuity with normal P, velocities around 7.7 km/sec.
A velocity of 7.4 km/sec was seen up to depths of about 80 km. The re-
fraction velocity of about 7.1 km/sec might correspond to the “intermedi-
ate layer” and cannot be recognized as the P, velocity.

Since this earthquakes is located in the region of the high heat flow,
such an extremely low and strange velocity profile may be explained by
geothermal anomaly as discussed by UYEDA and HORAI (1974).

VI. Discussion and conclusion

Cubic equations of the travel time curve were estimated from P,
arrivals for 83 well-observed shallow earthquakes which occurred in and
around the Kanto district by taking the velocity increase with depths in
the uppermost mantle into consideration. The P, velocity varies from
7.4 km/sec to 8.1 km/sec, and the velocity gradient with depths has a mean
of about 0.007 km/sec per km.

Critically speaking, the velocity structure in the lowermost crust and
uppermost mantle, especially for P, velocity, has not been confirmed in
Japan owing to the short distances covered by the Research Graup for
Explosion Seismology. The use of natural earthquakes can make it pos-
sible to study such a velocity structure. However, the errors in hypo-
center locations and less accurate data of the travel times limit such
studies.

Velocity gradients with depths can not be ignored for longer ranges
of the epicentral distances. The existence of a high velocity zone in the
upper mantle associated with the descending Pacific Plate also affects the
travel time data. The very early arrivals observed at some stations in
Hokkaido found in this study were caused by the deep penetration of
seismic rays into such a high velocity zone. Some different features of
the geographical distribution of the residuals were reported for the dif-
ferent ranges of the focal depths by the Research Group for the Travel
Time Curve (1967).

The relation of the velocity gradients with depths and P, velocities
suggests a variety of velocity variations with depths. HASHIZUME and
MATSUI (1979) preferred a slow increase in the P wave velocity around
the depths of the Moho discontinuity from the refraction data in the
Chugoku district, Southwest Japan. The mean value of velocity gradients
with depths obtained in the present study, i.e. 0.007 km/sec per km, is lower
than the one within the crust given by HILL (1971). The velocity gra-
dients with depths obtained in the present study vary from 0.001 to 0.010
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km/sec per km, and this range may be explained by the difference in the
thermal gradient by about 20°C/km, as discussed by HILL (1971).
Residuals from the travel time curves fitted to individual earthquakes
show geographically sytematic features. Early arrivals are observed on
the Pacific Ocean side of Northeast Japan, while late arrivals are observed
in Southwest Japan and on the Japan Sea side of Northeast Japan. Ex-
ceptionally early arrivals are observed in some parts of the Shikoku and
Chugoku districts, as observed for the teleseismic residuals (MAKI, 1979b).

The geographical features of the mean P, residuals coincide with
those of the Bouguer gravity anomaly, crustal thickness derived from the
gravity anomaly and surface wave dispersion, and heat flow in and around
the Japanese Islands. Finer local variations in the crustal thickness have
been tentatively derived from the mean P, residuals by assuming the
velocity contrast between the lowermost crust and uppermost mantle.
The northeast extent of a thicker crust region is found in the mountain
region of the central Japan. Other regions with the thick crust are also
found in the Kanto and Kinki district.

The nearly identical values of the mean P, residuals with the mean
teleseismic and nearby-deep earthquake residuals suggest that most of the
travel time anomalies observed in the distant and nearby-deep earthquakes
can possibly be explained by the regional variations of the lowermost crust
and uppermost mantle structure.

Hypocenters of the earthquakes which occurred in and around the
Kanto district were accurately determined by correcting the mean P,
residuals for the observed travel times. TFocal depths were determined to
a tenth of a kilometer instead of the 10 or 20 km steps adopted by JMA.
Relocated epicenters have a tendency of clustering in small regions. Re-
determined focal depths are sometimes very different from those of JMA,
especially in the case of some shallow earthquakes.

A typical low P, velocity of 7.4 km/sec is considered to show the lower
bound of the velocity structure in the Japanese region. Compared to the
standard adopted by JMA, or the ICHIKAWA and MOCHIZUKI’s model (1971),
lower velocities by about 0.4 km/sec are required for the entire depths
down to about 100 km. Such low velocities differ by about 1.0 km/sec from
the high velocity model by ICHIKAWA (1978) in the depth range down to
50 km. For the depth range from 50 to 150 km, less variabilities of about
0.5 to 0.2km/sec are observed.

UTSU (1971) showed a velocity difference of 6% between the high
and low V zones associated with the descending Pacific Plate beneath the
Asian continent. KANAMORI (1968) also showed a velocity contrast of 0.4
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km/sec down to 250 km in the upper mantle, and he explained it in terms
of a temperature contrast of about 500°C and a partial melting of about
2%.

An unusually thick “intermediate layer” has been suggested for the
crustal structure along the 139°E line (HOTTA et al., 1964; ASADA and
SHIMA, 1968). It should be mentioned here that the Moho discontinuity
could not be detected or well observed. The travel time data for an
earthquake which occurred near Sado Island on November 27, 1964, shows
an unusually thick “intermediate layer” with a velocity of 7.4 km/sec
down to the depth of about 80 km. This suggests the absence of the Moho
discontinuity with the normal velocity jump.

A velocity proflle which satisfies the travel time curve fitted to this
earthquake shows a velocity of 7.1km/sec at a depth of about 30 km.
Velocities greater than 7.4 km/sec are not required even to a depth of
100 km. It is not easy to interpret petrologically such a low velocity as
the Moho (P,) velocity. Other alternative ideas are the absence of the
Moho discontinuity and an unusual rise of the low velocity zone of the
upper mantle (absence of the lid). For a velocity profile with a pronounced
low-velocity zone without the lid, the existence of the extremely high
temperature in the lowermost crust and uppermost mantle or a partial
melting may be supposed. Since this earthquake is located in the region
with the high heat flow, such an extremely low and unsual velocity pro-
file may be explained by the geothermal conditions. According to UYEDA
and HORAI (1964) the difference of a unit of heat flow makes it possible
to produce a temperature difference of several hundreds degree or a
velocity reduction of several tenths of km/sec.
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16. P, ZEREEOHIKAZL

FU KRBT ie iE

Py sER R I CHER TR « i~ v b A iSO MIREY N G e, BBUR) R R4 L
FERGIIED S b, BAMEh TS S3EOMEOMBMER (KGUT) o5 —4nb, 3KRELM
2 7SRRI A R, FEMAERE L LT, Po B 7.4 225 8.1km/sec, B LI~ bAD
HE AR 0.007 km/see/km 25 ite. SERFMlERY B ORRE (Pr 7835) (XHRAT OMENE
DR ERT. —EEE L LT, HHLAROKTEM TR AD Pr 735 RMENC 5 TV,
Fib O AD ARSI OEERERTIRIED Py B (EVHE) »Habhb.

P, BEAt, FERMECKTAMELKESE LW &b, Whd D “ERFRE" O KBTI
HEOHBEEC XD EELbRA.

s bt Po B R EIER HHIE LTI & T s & » foitfE (1963551978
fF, n—4865{H) ATHRAE SR, EHOESARL P bivie. ERIGEE X )& X VIS
A EEAR LR,

W< o DRI EIC RIS T B M EE R LSRRt b {EV Py MEE 7. 1km/sec 23
IR s - e ifs (19644511 H27H, {EX 27km) i bhie. HEHLER, WHEC EHAEHBLVC
L, BRGEEECEY “RRET BELbhB. o0 Py dEE 7.4 km/see (K RAEIHEE, 1969
F9F9HE, EX 0.56km) oLy, I, WA 1971) oL X b FEE 100km ¥
0.4 km/sec {K\ .



