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Compilation of Seismometrical Data of Recent Earthquakes for the Purpose of Investigating
Semi-Historical Earthquakes in the Kanto District, Japan, and Preliminary Application to the 1922
Uraga-Channel Earthquake

Takeo ISHIBE, Kenji SATAKE, Jun MURAGISHI, Hiroshi TSURUOKA,
Shigeki NAKAGAWA, Shin’ichi SAKAI and Naoshi HIRATA

Earthquake Research Institute, the University of Tokyo, Site 1-1-1, Bunkyo, Tokyo 113-0032, Japan

Modern seismological analyses are difficult for earthquakes which occurred in the early period of
instrumental observation (between 1870’s to 1920’s) because of sparse station distributions and low quality of
data particularly in clock errors. Source parameters of such old earthquakes can be estimated through
comparisons with recent seismological data of known hypocenters and focal mechanism solutions. We
compiled S-P times and first-motion polarities of earthquakes in the Kanto district observed between 1923 and
2011 by the Japan Meteorological Agency (JMA), and those between 2008 and 2014 by the Metropolitan
Seismic Observation Network (MeSO-net) and other networks. The number of target stations, where these data
can be compared with 26 stations in early stage of instrumental observations, is 69 for JMA, and 19 for
MeSO-net and other networks, respectively.

We then constructed a new method to determine hypocenters and focal mechanism solutions for
semi-historical earthquakes using template matching technique. To quantify the similarity in hypocentral
locations between recent and semi-historical earthquakes, we use the root mean squares of S-P time differences.
For focal mechanism solutions, we calculated weighted (by the normalized P-wave amplitudes) misfit rate
between observed first-motion polarities of semi-historical earthquakes and expected polarities from recent
focal mechanism solutions. We confirmed the effectiveness of this method by applying it to recent earthquakes
and comparing the distribution of root mean squares of S-P time differences and weighted misfit rates with
hypocenters and focal mechanism solutions determined by an ordinary method. Root mean squares of S-P time
differences show small values around the true hypocenter and weighted misfit rates become small for focal
mechanism solutions which are similar to the true one.

As an example of application to semi-historical earthquake, we preliminary applied this method to the 1922
Uraga-Channel earthquake (M6.8). The six S-P times are similar to those reported from recent
intermediate-depth earthquakes in the southern part of Chiba Prefecture. The thirteen first-motion polarities are
consistent with those expected from recent strike-slip or normal-faulting types earthquakes at depth 60 -70 km
within subducting Philippine Sea slab in this region. Such earthquakes are active along the western edge of
slab-slab contact zone between Philippine Sea and Pacific Plates. These results suggest that the 1922
Uraga-Channel earthquake was an intra-slab earthquake within the Philippine Sea Plate.

Keywords: S-P Time, First-Motion Polarity, Kanto District, the 1922 Uraga-Channel Earthquake, Template
Matching Technique
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Fig. 1. (a) Tectonic setting in the Kanto region. Plate boundary data is from Bird (2003). In a lower magnified figure, iso-depth

contours of the PAC and PHS slab upper surfaces from Kasahara (1985) are indicated by broken and chain lines, respectively.
Bold broken lines indicate the western and eastern edges of the area where the upper surface of the PAC is in contact with the
lower surface of the PHS (slab-slab contact zone; Nakajima et al., 2009). Fk, Tc, Gm, Ib, Sm, Cb, Kn, Sz, Yn, and Tk indicate
Fukushima, Tochigi, Gunma, Ibaraki, Chiba, Kanagawa, Shizuoka, and Yamanashi prefectures, and Tokyo Metropolis,
respectively. Solid squares indicate the observation stations of the Metropolitan Seismic Observation network (MeSO-net) and
other networks. A filled star indicates the hypocenter of the 1923 Kanto earthquake by Japan Meteorological Agency (JMA). (b)
Distribution of observation stations where the S-P times and first-motion polarities are compiled from JMA pick data. (c)
Distribution of observation stations where the S-P times and first-motion polarities are compiled from pick data by the MeSO-net

or other networks.
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Fig. 2. (a) For each of four stations, Utsunomiya, Tokyo, Choshi, and Maebashi, observed S-P times (left) and first-motion polarities
(right) are plotted at epicenters of the JMA catalog from January 14th, 1923 to December 31th, 2011. White star indicates the
location of each observation station. (b) For each of four stations, Kashiwa (E.KW8H), Hongo (E.YYIM; Yayoi), Yokosuka
(E.KH2M), and Kamakura (E.SYOM), observed S-P times (left) and first-motion polarities (right) are plotted at epicenters
determined by using pick data from MeSO-net and other networks from April 1st, 2008 to July 10th, 2014. White star indicates the
location of each observation station. See Frontispiece 1 for the color version.
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Fig. 4. (a) Distribution of earthquakes for which focal mechanism solutions were compiled from five catalogs. The colors indicate
hypocentral depths. (b) Annual frequency of earthquakes with compiled focal mechanisms (green bars; left axis) and cumulative
frequency curve (black line; right axis). (c) Magnitude-frequency distribution of earthquakes that the focal mechanism solutions

were compiled. See Frontispiece 2 for the color version.
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Fig. 5. (a) Distribution of root mean squares of S-P time differences between recent earthquakes and the earthquake of March 16th,
2011. East-west cross sections for 35.9°-36.1°N, 35.7°-35.9°N, and 35.5°-35.7°N are also shown. Green star indicates the
hypocenter of earthquake on March 16th, 2011 by JMA. (b) Distribution of weighted misfit rates of the first-motion polarities
reported for the earthquake of March 16th, 2011 for focal mechanism solutions for recent earthquakes. Only focal mechanism
solutions with weighted misfit rates < 20 % are shown in the lower hemispheres. East-west cross sections for 35.9°-36.1°N,
35.7°-35.9°N, and 35.5°-35.7°N are also shown. See Frontispiece 3 for the color version.
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Fig. 6. (a) Distribution of root mean squares of S-P time differences between recent earthquakes and the earthquake of May 18th,
2012. Green star indicates the hypocenter of earthquake on May 18th, 2012 by JMA. East-west cross sections for 36.2°-36.4°N,
36.0°-36.2°N, and 35.8°-36.0°N are also shown. (b) Distribution of weighted misfit rates of the first-motion polarities reported
for the earthquake of May 18th, 2012 for focal mechanism solutions for recent earthquakes. Only focal mechanism solutions with
weighted misfit rates < 20 % are shown in the lower hemispheres. East-west cross sections for 36.2°-36.4°N, 36.0°-36.2°N, and
35.8°-36.0°N are also shown. See Frontispiece 4 for the color version.
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Fig. 7. (a) Distribution of root mean squares of S-P time differences between recent earthquakes and the earthquake of February 16th,
2012. East-west cross sections for 35.1°-35.3°N, 34.9°-35.1°N, and 34.7°-34.9°N are also shown. Green star indicates the
hypocenter of earthquake on February 16th, 2012 by JMA. (b) Distribution of weighted misfit rates of the first-motion polarities

reported for the earthquake of February 16th, 2012 for focal mechanism solutions of recent earthquakes. Only focal mechanism

solutions with weighted misfit rates < 20 % are shown in the lower hemispheres. East-west cross sections for 35.1°-35.3°N,
34.9°-35.1°N, and 34.7°-34.9°N are also shown. See Frontispiece 5 for the color version.
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Fig. 8. (a) Distribution of root mean squares of S-P time differences between recent earthquakes and the earthquake of July 23th,
2005. East-west cross sections for 35.7°-35.9°N, 35.5°-35.7°N, and 35.3°-35.5°N are also shown. Green star indicates the
hypocenter of earthquake on July 23th, 2005 by JMA. (b) Distribution of weighted misfit rates of the first-motion polarities
reported for the earthquake of July 23th, 2005 for focal mechanism solutions for recent earthquakes. Only focal mechanism
solutions with weighted misfit rates < 20 % are shown in the lower hemispheres. East-west cross sections for 35.7°-35.9°N,
35.5°-35.7°N, and 35.3°-35.5°N are also shown. See Frontispiece 6 for the color version.

- 119 -



FIFOTFEWEIICZ A5, T WA W%
) < IE W7 R AR (— AR T U A H R SRR FnAg ©
3%(! 5b). 72%3, 2011 A3 A 16 H DMK

FE AR CITE AT EIRT 4o MR
Jm 34,416 HUEE DI RS AR 6T DB A&
AT 4 NROYE 92 F BIT/NSVMETHD. F-Zi
FOEAAEIRT 4 NRIVNSOHUEIZIE, $k7-1f
DOIEWT BRI E N ZE FN N5,

201245 H 18 H OHUERIE, & A HIERTEE) )
TEFE R P T D AR/ T A% — TR R
L7= PHS EHOHETHS. S-P K O Tl IX
REGUTIZL DRI E RO 72 2K 45 U7 v P T _iob\f
IN&<7eD (K 6a). FTo, EAFFEIRT 4o hRITK
BRI B\ T3S 7e PHS i oo 5= |2 Ry
70 T 7 — itﬁiﬁm@@[ﬁ)ﬂﬂ‘”@%ﬁ SRS R (kT
L T/h&L725 (X 6b). ZOMIEICKHT D EALFEI
AT 4y RRIT 16%E720, 34,416 HIEDHH 933 % H
INSWVETHD. ZHEVEAFEIAT fy hRR
INSUWIE R AR D2 <1, FJE% ZIRE IR VE SIS
BWTEIE72 PHS LR OHEICKT LD THS.

2012452 A 16 HOMIEEE, THER R FE OGRS
65 km B CRALZ PHS A7 7 WHETHD, S-P
IRF AT OO e 8 1 R G T R IR E R Fn il 72 T 3E L g vl
HIZ B W TBE I NSWMEZRL (B 7a), ZOREK
[ZBWT T fil23eE v — ALz <A T BRI
KU TN B EIRT 4y bEERT (X Tb) .
D HIEE DI B IR KT D EHAAHEIRXT 1y R
X 1% THY, 34,416 MR 2R EHEMROOD
—FHNSVMELZD.

2005 4F 7 H 23 HOMERITTRERILAEHL OGS
70 km B2 E TR AL PAC 7'V —b_EmE T (F721%
PHS A7 7 NHEL DA HD) DHIE THD. S-P
IRF [T OO TR P 13 T 28 WAL PR ORE 70 km F2EE I
BWTHEIT NS (K 8a), HALFEIAT 4vb
FX PAC i O HUEE | B 175 B b A 0] D 3 i g
FUHRIZ XL CTha<722 (4 8b) . ZOMIRDFRE
BEREAR X 2 A EIAT 4 MEIT 1% THY,
34,416 HIEEDHE 762 F B I/INSUWMEERD.

§5. 1922 FEJHEAE L DO HB~DOFERHE A
1922 (KIE+—)4 4 A 26 HIZHAELHE
(M6.8; 5, 1979 12&D) 1%, Fik, =, BROK
HIBINEHICE R LM OMIE, KiEE O
RDT ANV E O EE 52, B KERHEO#IE

6%&E720),

(@)

B/ -

L

Ny -

nr I T T T T T T T 1
194" 705" 105" T THS 15" T4T WOT" 140, 18" Has

9. (a) 1922 FEJHEACE AT DO MR 6 2008 (B 15

Fig.

-120 -

B, B FHE). (b) 1922 AFHEKERNITOMEEDR
JR(C:HRKRE (1922), N:H A (1922a) , Nakamura
(1922b), O:0mori (1922d), K: X (1975a, b), Li: 4 1E
(1975a), L: fa#& (1975¢, d) Utsu:F#H(1979), Usa: 5
P - fih (2013) 12K 5) L3 BAARAR (1 (1975b) 12K
). FEIPIEEIROTES (km) Z278F. (s 1E000R  HE
=, NIARAZET).

9. (a) Distribution of first-motion polarities for the 1922
Uraga-Channel earthquake. (b) Hypocenter [C: Central
Meteorological Observatory (1922), N: Nakamura (1922a,
b), O: Omori (1922d), K: Katsumata (1975a, b), Ii:
Ishibashi (1975a), Lx: Ishibashi (1975c, d), Utsu: Utsu
(1979), Usa: Usami et al. (2013)] and focal mechanism
[Ishibashi (1975b)] of the 1922 Uraga-Channel earthquake.
Parenthetic number or character (s: intermediate-depth; ?:

unknown) indicates hypocentral depth (in km).



EFFITICET. BURER IR T 14T, 2405
HINELT-.

PSS H (1922), FAF (1922a) , Nakamura
(1922b), K#%(1922a, b, ¢), Omori (1922d), X
(1975a, 1975b), A4 (1975a, ¢, d), FH(1979), F
a2 fth (2013) 2 E I k> TEBIRIEN RSN TWD
2, HEESN T EBIRITHE/KENICE EL T, JAH
(2725 (1% 9b) . B2, 746 (1975a) 1%, HZEE,
B (RHE) , 8k, Bk, B (—V48), W, A8
7, K, BifGD S-P RefilZ W CE @ EE T L

DOHLETEIFRIRTEEITV, ER%E 139°55'E, 35°06'N,

TRE 50 km OFEMFHEICHEELZ. A1 (1975¢, d)
1%, 7 —ZOEEMEZ FRFL T8k, Bk, RifG
ZRAL, B (R T S-P B[] 10.4 £, B
(—H8) D 10.8 B, BZHEBE D 6.3 ), BED 11.1 B,
READ 140 BEOKFTD 160 b, EiF%
139°41'E, 35°10'N, J#&& 7121 km EHEE L=, 7272
L2 Z B LT, BRIX B el o e
KB Z R THRB B TBICEDL —HOEINT, I
S1F40~70 km FREEE L7z, 725446 (1975b) 1%, A
6 (1975a) OFEPITKI LT, TRIZHE BERR0H
DO THEANTR U2, PENIHE0E D20 2
L7 ORISR A PRl L7z (X 9b) .

£+ (2012) 1%, FREN T RE SR Bt A B
STz, FRFFE RSN S-P I SX, =k
T Uy R —F 4 T TR A O3S 53
km FEEEICEPEARE L (X 10). £, BEAEMZ
ICEDEROMEL BB L CHHEE SN0 B 38 &
BEAEME DR T U E X ERT R IC s hva 2 L
D, R B E D AKIEICED —H TR
£ L7- PHS WHIE Th o L fEmmfT 7.

ARFFECIE, A6 (1975¢, d)ickd 6 BLHIAICE
(125 S-P IREf] (HURL (AR9) @ 10.4 70, FRL (—V48)
? 10.8 7, BEZHE D 6.3 7, WHHD 11.1 7, RERD
140 B725NTKF D 16.0 ) 25002, 411
(1922) *ié%ﬂ%ﬁrﬁe%@ J}zéntm&uaﬁb HFF

FRIEIL7= 13 BB 50)8 (X 9a) &2 VT
BERE 2SR LTz,
[X] 10a {2 S-P B[ oD AR AL 72 5 ONT 2 0O 3 P4 W i

P47, B 10b (25 EHE AR I T DA EIRT ¢
Y NRO AL O R PE W X ZENZE RS . S-P
IR AT ek 32 AR TE FE 1 =3 = 55 S0 i 2 DI & K
EE R TR M ICEATRS 40~70 km  [F16
(1975¢, d) 1 OfEIKIZIB W T/IEL725— T, B
DR PAC WHIEIZ R L CHEE IC KR &S, ZDZ

<‘:75>% 1922 SO HFEIT PAC N HIEE TlEZh - 7= 7]
REMEDVRIEE NG, Fo, ZOMFEIKIZIITHPHS L
@%Eﬁi 20 km LUERICHEES L TERY [Hl21E, &
J5(1985), Ishida(1992)], HiFkNHIEEH DS NE PHS
LHEOHIFE THD REMED S-P RT3 2 e
FIEFEHEND.

1922 FE- DO HRIZ XU T SV gIEhi S, AT
EIRT 4y RGP — ALHIC T $iaFr o3 1
DU NIIEWT R O 5 R L F T CTh D
(4 10c 72, o). EAAFEIRT 0y RRAV NS UNIE
RIS IR 2L O HIERIX, A0l (2012) (2L > THE
TESHUVTCIRE 53 km JO A TRV (RS 60~70 km 2
FE) fEIIC < A5 (X 11). —F T, 1922 0D

BACKTL ClE SN IENS, PAC Ll CTHAT
7 — METHUER (SR B 72, e AL G ) o0 3 g 7R
DHENSAFFES N LW E 040 LITH DT R D
(X 10c ). ZNHOBLEDD, 1922 FEHEKE R
ITOHIERIL PHS WNECHRALIZHIE Tho7- Al
PERRIBIND. RBARRERIT, AT A
(1975¢, d), B+ {th (2010), Nakajima et al. (2010),
£ (2012) DS A FF3 5.

TR oy B T DI KB I B DR8I, PHS
& PAC DAT 7 Hefilll o Va5 5 |2 A7 & L[] 2
Nakajima et al. (2009); X 1a], 1922 E@ﬂﬁ%&:iﬂ“
LAV O 5] E 5340 LI T R H DN T
IEWT BRI OHFER Z<FEAELTD. 2011 R
FRSEFE R 12, ORI IV TR 72 B
I EETL BN 2338 42 L [Nakajima et al. (2013), Ishlbe
etal. (2015)], 2011 4511 H 14 HIZiZ M4.1 OHE
&/ L7-. Nakajima et al. (2013)} J:o“(ﬂ%ﬂiéﬂf_
ZIHDOHUERIZR T R B O LA, T i)
P P — AL B A <BE T VB DV VT IEWRT BT THY,
1922 FEDOHEIZK T W EH S LT FH ThH 5.
1922 FEOMBIXZDOXAT ThHTZRIREMER B XD
na.

§6. FLHLEBRDERE

AWEFETIE, Fhas@i R 9] (1870 R~
1920 4E4%) ICRHH A B ONTF D JE I I BV TR SR
HE(RERFEate) Tl TRESH, BUINT
DIV 21 B, 725 ONCH AR ERFICLD
5 B & e FTREZR IR OB R A x5 L LT,
KB TRINME 25 ONZ MeSO-net #HIfE25 S-P FHF
MEPIEN A BB LT, FonnlnbignG, 77
U— by T U VRIS SRR - RS A HEE

- 121 -



N 7 e L i 0l
na" e € SO L
IS SRR S S 5 < 55 o8
s OB et b B
i s 5 v L . €
'.g BA ‘|= et {A b F [ & - B knf_ﬂr?é "T:- ? (> }
% m.-l;r' E’:’_.-f, RS PR P F
- s ::"' LR ? @ o
] P 1% oo !
j e [ a < 2
sl o ol e
e | ; ﬁ:-=- [ | 1* aqd-_‘ c(;‘_
E =1 - i 3 [
E a2 T e ] :
& :- L = I': '!- L
01 as2w-anaw [ ] . [
Tm T T r T T T T T T T — T T T T T T
10 ] r
E 2] g BN ; ) [
§ 2] = 3 W :
m | 350N-352 ] : - [
Tw__l H H H H H H H H HE H H H H H H H H
10 4 L] = B
- n | ’ [
s 8] Ay 3 |
§ & ] ] AN ~peg |
m L £ 3 L
2 | 24.8°W-350 ] . i
o0

17590 1352 T35 TI50 1398 T400 T4I2 1404 100 1403 T41D 13521754 1350 1338 TA0H T40:2 T4G4 T408 HO0S 140

LongRuda deg) Longftud {dag)
<l a8 O0XE-O60y =Nk & <5% & T%-TIN =10%
RS af 5P tie cfffereres Wesghted] misfit ral= (3
AR =M BN CMI &N g M

19077 11/30 23008 (D 190895 1:31 3G

{c) wma

©
)

i

7

10. (a) 1922 FHE K E AT O MR LITFEO MR L DM D S-P KEH 7K 7D — L VIR D 5347725 N2 DO VG Wi .
PN - 1 (2012) 1282 1922 FEOHIROTEIE. (b) ITFEOHIFRD SRS T D2 EHAF EIAT 4 bRO AR
SNZZORPEWE K. EANEIAT Y hRDI10%LL T OFEEMEMEM O H 2 RIFERERL T, (o) HEKIEFINDT
HEWLF 7 RIS DRI W THAE LT 3 BRI DR R AR 1922 FIHEACE T O MR 3 DI85 1. 5
A BRIFZNENYE DL - 51 E 2K FHIMNOBEFHIEMTEIZAT VMR (%) 23T KRODT7—[iT Ak 7 &

NN

Fig. 10. (a) Distribution of root mean squares of S-P time differences between recent earthquakes and the 1922 earthquake. East-west
cross sections for 35.2°-35.4°N, 35.0°-35.2°N, and 34.8°-35.0°N are also shown. Green star indicates the hypocenter of the 1922
earthquake estimated by Ishibe et al. (2012). (b) Distribution of weighted misfit rates of the 1922 first-motion polarities for focal
mechanism solutions for recent earthquakes. Only focal mechanism solutions with weighted misfit rates < 10 % are shown in the

lower hemispheres. (c) The distribution of first-motion polarities (solid circles, push upward; open circles, pull downward)

reported for the 1922 earthquake for three focal mechanism solutions of earthquakes. The colors in the expansion of the lower

hemisphere indicate the weighted misfit rates as shown in the parenthetic numbers. See Frontispiece 7 for the color version.
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