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Campaign seismic observation for estimation of crustal stress regime in
northeastern Yamanashi prefecture, Japan
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Takahiko Uchide', Kazutoshi Imanishi', and Reiken Matsushita'

Abstract: For the improvement of focal mechanism estimations for evaluating crustal stress field, we
deployed the campaign seismic observation composed of six stations in the northeastern Yamanashi
prefecture. We obtained nice seismic records with differences in noise level among stations. We evaluate
how the campaign observation contributes the improvement of focal mechanism investigation by
comparing the focal mechanism solutions inferred only from nearby permanent stations and those from
both permanent and campaign stations. The number of solutions with high reliability becomes twice by
adding the campaign data. The stations above the earthquakes constrain the fault dip angle well. The
estimated focal mechanism solutions have P axes with an N-S trend in northern part of the study area
and those with a WNW-SES trend in western part of it. The improvement of method to estimate focal
mechanisms will help us to better estimate the crustal stress in this area.
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Table 1. Names and locations of the campaign seismic stations.

B A Station Name Station Code Latitude Longitude Altitude [m]
PEIR Nishizawa NSZ 35.8625 138.7548 1122
JUR Kawaura KAW 35.8029 138.7504 822
pAlign| Somaguchi SGC 35.7723 138.7111 851

PRI Tabayama TBY 35.7798 138.9175 709
FA T Matsuhime MTH 35.7241 138.9490 1049
B} Kuwasai KWS 35.6524 138.8715 977

2k EREI O TR EE AL

Table 2. Dates of the works related to this campaign seismic observation.

TERENE EER)

MR E ST F R Preliminary inspection 2013429 H 3 H~5 H
R TR E A Installation of seismometers | 2013 4% 12 A 17 H~19 A
%1 EfRTEZE 1st maintenance 201444 H9H -10H
5 2 I fRSFAFESE 2nd maintenance 201448 A 19 H <20 H
55 3 [EIPRSTAREZE 3rd maintenance 20144F 12 H9 H - 10H
55 4 IPRATAEZE 4th maintenance 201544 H22H -23H

B3R, RRIEIRE M O B A OHEE OB L72 1 TR R R 1

Table 3. One-dimensional velocity structure for the estimation of hypocenter locations and focal mechanisms.

RS (km) P A (kmy/s) S WA (kmy/s)

Depth (km) P-wave velocity (km/s) S-wave velocity (km/s)
0.0-1.0 2.0 1.16
1.0-3.0 3.0 1.73
3.0-5.0 5.5 3.18
5.0-14.6 6.1 3.53
14.6-31.5 6.7 3.87
31.5- 8.0 4.62
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%4 %%, HASH 7'vt 77 LA CTHEMT LM 4E  (Hardebeck and Shearer, 2002; 2008 % 2 ) .
Table 4. List of solution qualities rated by HASH code (see Hardebeck and Shearer, 2002, 2008).

Al | IR74v MEY WEEOIES ST B MET feR™

Quality Misfit rate” RMS fault plane Station distribution Mechanism
uncertainty” ratio™ probability™

A <0.15 <25° >0.5 >0.8

B <0.20 <35° >0.4 >0.6

C <0.30 <45° >03 >0.5

D | BUR DG ARRED 90 FELLT KO B BLI R~ 5 A OIS 60 FEELLT

B BLNS O F AN 90 EA B2 2000385,

F BB AA~OHHADRIR 60 KB bONH D
F o [ RPEfE#as 8 OA

TIRT 4y MRITFGERED D TR SN B BIESBIICADRWE D T — 4 OEIA &R

CWEEORLSXIE, T4 EtoRBTE MAREMOE D ICLEOREIZLONTN D A MO S FEHF LR T
EFENZHLDTHD.

PR AT, T — & BSE TP B RIEER RIS L BWIES DN TN D 2RISR TS Th D (Reasenberg
and Oppenheimer, 1985). ZAUAMEWGGIEHIEEILICRET — X BEF L TND E NI EBRTH Y, ZOLAIEFELN
TR DA HENEITAR .

YT TR ORERRESNMEM D 45 ELUNIC B DR AR T

“'The misfit rate is ratio of number of polarities not matching with the prediction by preferred model to the total number of polarities.

*The RMS fault plane uncertainty is root-mean-square of differential angles of acceptable solutions from preferred mechanism.

“The station distribution ratio (STDR) indicates how the observations are distributed on the focal sphere, relative to the nodal planes
(Reasenberg and Oppenheimer, 1985). Low STDR indicates that the polarity data is obtained mostly around the nodal planes and then
the obtained focal mechanism solution is less robust.

“Mechanism probability denotes the probability that the actual focal mechanism is within 45 degrees from the preferred solution.
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(a) Station map of the permanent and campaign seismic stations. The red squares denote the
locations of the campaign seismic stations installed by this study. The blue squares show the
locations of Hi-net stations maintained by National Research Institute for Earth Science and
Disaster Prevention (NIED). The beach balls indicate the focal mechanisms obtained by Japan
Meteorological Agency (JMA) and the gray dots denote earthquake locations. The red lines
indicate surface traces of active faults (Nakata and Imaizumi, 2002). The black rectangular
shows the study area. (b) Map of the study area. The first-motion focal mechanism solutions
between July 1, 1985 and December 31, 1998 by Japan University Network Earthquake
Catalog of First-Motion Focal Mechanisms (JUNEC FM?) and between October 1, 1997 and
June 30, 2015 by JMA are plotted in green and black, respectively, by the lower hemisphere
projection. No focal mechanism solutions are obtained in the overlapped period.
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Fig. 2. Perlod of data acquisition. The black bars show the time that the data is acquired
and the pink vertical lines indicate time of the maintenances.
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Fig. 3. Noise record just after the installation of the seismometers. For each station, the record
time is showed at left bottom of the panel. The maximum velocity is displayed at right top
of each waveform.

221



WHE2Z - SPEfE - I F LA 7

(a) NSZ fooe , WWNW . 8.12e-06 m/s

W)\/\MW“W‘ 8.04e-06 m/s

9.40e-06 m/s

; | ; ; ; ;
(bj I(AW f f f T f f “IL T M‘; “m\ f , f f f T f f f T2 520106 m/s
Y -.'JWJWW A

1.75e-05 m/s
] 1.69e-05 m/s
W,Nww
—
(c) SGC L ' ' ' " 6.01e-06 m/s
| ,,.,WWW\MWW v
| 9.97e-06 m/s
Iy 1.51e-05 m/s
“,‘“,“,WW
—t 1
d Y ' ' ' ' "5 75e~06 m/s
7.65e-06 m/s
v L " e " ol (I AAAN ettt d " P N M

) " 9.42e-07 m/s

. . | . . . | . . . | . . . | . . . |

P e
(f) KWS ' o ' st s | 2.78e-06mis
AN e bt el 4
N v 3.31e-06 m/s
Al v n VW"MWWW«,M
Ny 'WVW\”‘\ 3.67e-06 m/s
e y AU AAA Aot , N
T T T T T T
8 10 12 14 16 18 20

Time [s] since 01:19, Jan. 3, 2014 (JST)

B4, 201441 H 3 A 1K 19 5 UAIRAEE TRAE L7 M 0.9 OMEDIIE. KEIEO
H LR E O R KA R L7z,

Fig. 4. Seismic record of an M 0.9 earthquake that occurred at 1:19 on January 3, 2014 (Japan
Standard Time, JST). The maximum velocity is displayed at right top of each waveform.
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Fig. 5. Seismic record of an M 1.6 earthquake that occurred at 0:29 on June 21, 2014 (JST).
The maximum velocity is displayed at right top of each waveform.
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Fig. 6. Seismic record of the 2014 northern Nagano prefecture earthquake. The maximum velocity is
displayed at right top of each waveform.
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5571, VERBLNA (NSZ). 2014 4F 4 H 9 AR,
Fig. 7. Nishizawa station (NSZ). Photo taken on April 9, 2014.

’r w: L

58 K. JITHBLIAL (KAW). 2015454 A 22 B,
Fig. 8. Kawaura station (KAW). Photo taken on April 22, 2015.
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oK. ARBA (SGC). 201444 A 9 HRE.
Fig. 9. Somaguchi station (SGC). Photo taken on April 9, 2014.

5510 . FHE LB (TBY). 2013 4F 12 A 18 ARk,
Fig. 10. Tabayama station (TBY). Photo taken on December 18, 2013.
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8511 B RMEBLRGS (MTH). 2014 454 A 10 AR,
Fig. 11. Matsuhime station (MTH). Photo taken on April 10, 2014.

012 K. SRS (KWS). 2015424 H 23 HERE.
Fig. 12. Kuwasai station (KWS). Photo taken on April 23, 2015.
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Fig. 13. Differences in (a) latitudes, (b) longitudes, and (c) depths of earthquake locations inferred from seismic data
with and without the campaign observation data. The horizontal and vertical axes are for the results with and
without the campaign data, respectively. The diagonal gray lines indicate the case that the both results are
identical.
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Fig. 14. The number and quality of estimated focal mechanism solutions. (a) The number of earthquakes with solutions with A, B, or C
rank given by the HASH code (Hardebeck and Shearer, 2002) inferred from data from permanent stations only (top in black)
and data from both permanent and campaign stations (bottom in red). (b) shows those results in the magnitude bins. Two
numbers separated by slash indicate the number of earthquakes with focal mechanism solutions of C rank or better and total
number of earthquakes analyzed.

228



2014/07/07 19:47 M 2.1
B — B (Diff: 1.88°)

ks

2014/02/17 18:29 M 1.1
C — B (Diff: 7.66°)

@

2014/07/10 10:47 M 2.0
CeBmmen

@

2014/01/13 20:53 M 1.4
C — A (Diff: 9.58°)

LK

2014/01/03 18:59 M 1.2
B — B (Diff: 21.67°)

S Dy

2014/01/03 18:56 M 1.8
B — B (Diff: 8.58°)

2014/04/27 2:52 M 1.7
B — A (Diff: 26.33°)

®> @
2014/11/15 16:56 M 2.6
C — B (Diff: 8.26°)

Y

L=
%ﬁ‘é%ﬁ% &)
LV B s

MEER itte

2014/110/17 1:44 M 1.4
B — A (Diff: 12.42°)

2014/03/31 15:16 M 2.8
A — A (Diff: 5.69°)

@@

2014/06/02 8:28 M 1.7
C — C (Diff: 25.98°)

2014/06/24 7:11 M 2.0
B — B (Diff: 1759)

£

2014/01/03 19:09 M 1.0
C — B (Diff: 30.37°)

2014/01/04 0:13 M 1.8
B — B (Diff: 11.39°)

DD+

2014/12/3117:24 M 1.3
B — A (Diff: 2.39°)

%%

2014/02/13 23:34 M 2.0
B — B (Diff: 7.83°)

1

2014/06/18 15:45 M 2.2
C — D (Diff: 61.18°)

2013/12/24 2:10 M 1.1
B—>B (Diff: 17. 25)

2014/01/23 4:47 M 1.1
C — B (Diff: 3.28°)

2014/01/05 11:20 M 1.3
B — B (Diff: 28.47°)

P+

2014/01/04 1:25 M 2.3
B — B (Diff: 6.78°)

DDy

2014/04/29 2:30 M 2.4
C — B (Diff: 33.23°)

-

15 K. BB T — 2 2N A D 2 & TR AR O R A3 [R5 A1 b L 7 HR.

R DR OE % Kagan i (Kagan, 1991) TE/RLIZHDOTHD.

B IR I o T T b R T,

BT D MRS I HEE 0D 7= 6D O G R EE L

2014/02/17 17:22 M 1.6
B — A (Diff: 21.94°)

2014/07/06 15:50 M 1.8
B — B (Diff: 4.08°)

2014/07/26 10:12 M 1.5
B — B (Diff: 17.74°)

2014/12/09 15:53 M 1.6
C — B (Diff: 37.09°)

D

2014/01/05 6:20 M 1.4
C — B (Diff: 42.68°)

2014/04/27 0:38 M 1.7
B — B (Diff: 14.77°)

> P

2014/10/28 17:59 M 1.0
C — C (Diff: 14.95°)

s

EHBNT — & DhafE M

B OREHNER (FHEOLEM) 2N A~CRHMEZHTWT, BWRENT —2 2MAlhe
DFHMANE T Aara) b L7 iR A Ak b

DFE

NEIZE R LT 5. l:“—‘ﬁﬂ*‘~/ld:0)iﬂk
BULML LG comEEZn LR, FALL Ak E OFRFUITERRHBLIHAIC
Téﬁbk%l%@@ﬁ%%ﬂ%ﬂﬂ‘ﬂ“ X HNT AL Diff (T %8 5 1%%

Fig. 15. Earthquakes whose focal mechanism estimations are improved or equivalent in quality by adding the campaign

observation data. The earthquakes with focal mechanism solutions with A-C rank from permanent stations only
(left of each earthquake) and equivalent or better solutions from both permanent and campaign stations (right) are
displayed from north to south. The black open and closed symbols show extensive and compressional polarities,
respectively, at the permanent stations, and the red symbols indicate the polarities at the campaign stations. The

crosses indicate unclear polarities.
angle (Kagan, 1991).
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“Diff” denotes the difference between focal mechanism solutions in Kagan’s
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Fig. 16. Earthquakes with focal mechanism solutions degraded by adding the campaign seismic data.
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Fig. 17. Earthquakes with focal mechanism solutions improved from D rank to A-C ranks by adding the campaign data.

230



WIS AL TR (2 35 1 2 M 1 B e AE D 72 3D D g it FR AL

e o e b b b b

NSZ Polarities Measured

KAW
SGC

TBY Not Measured

MTH
KWS

0 5 10 15 20 25 30 35
Number of Events

518 M. FREFHURBLN O T — 2 2 N2 % Z & TREMMEM S D §Hfi2 5 A~C i H L3 2 35 o
HFRIZDOWT, A ERIFBLH AT PR S W O FERF IR0 Pz O MR A3 FE A B 7o R 2 f ~ 7
HDOTH L. BEITHERIERA S PR S FAI O TV D RO A2 "3, AL,
MR ENERZNIFE E TV D b DD P EMRIEIZFEZ B 7227 > To IR O EE 2 7R~

Fig. 18. Counts of P- and/or S-wave arrivals picks and P wave polarity measurements at the campaign stations for 35
earthquakes with focal mechanism solutions improved from D rank to A-C ranks by adding the campaign
observation data. The black bars show the number of earthquakes whose arrival times and polarities are
measured. The white bars indicate the number of earthquakes whose arrival times are picked but whose
polarities are not measured.
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Fig. 19. Spatial distribution of the estimated focal mechanisms. The focal mechanism solutions inferred from data only from
permanent stations and those estimated using data from both permanent and campaign stations are displayed by beach

balls, P-, and T-axes in (a) and (b), (c) and (d), and (e) and (f), respectively. Color indicate plunge. Black lines in the
maps show the surface trace of active faults (Nakata and Imaizumi, 2002).
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Fig. 20. Comparison between the focal mechanism solutions obtained by this study and the crustal stress field
estimated by a previous research. The open bars show the azimuths of the horizontal compressional axes of
crustal stress estimated by Townend and Zoback (2006). The closed bars indicate the P axes of the focal
mechanism solutions. Color corresponds to the faulting type, which of the focal mechanisms are classified
using Shearer ef al. (2006) based on the rake angle.
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