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Abstract

A remarkable high-density seismograph network, called MeSO-net, is under construction in the
Tokyo metropolitan region, central Japan. At the MeSO-net station, a three-component accelero-
graph is installed at the bottom of a 20-m deep borehole. To analyze horizontal component
waveforms observed at a borehole-type seismic station, we first have to know the azimuth of the
seismometer. In this study, based on cross-correlation analyses of long wavelength seismograms
with a high S/N, we estimate sensor azimuths at MeSO-net stations. As reference stations, we use
seismograms observed by NIED F-net broad-band seismographs and Hi-net tiltmeters. At more than
80% of stations, N-components of seismographs are within ==10° from magnetic north. We confirm
that the sensors at three stations are rotated more than 90°. Although our results agree well with
results estimated using P-wave first motion of a local earthquake, there are systematical azimuthal
differences between two results at stations distributed in the northern Kanto region. Because the
subducting Pacific slab lies beneath the Kanto region, this feature may indicate that the diffracted
wave passing through the high-velocity slab was observed as a first pulse at stations located in the
northeastern Kanto region.

Key words: MeSO-net, NIED F-net/Hi-net, sensor azimuth, long wavelength seismogram, cross-
correlation
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Table 1. Earthquakes used in this study.
D Origin Time (JST) Latitude Longitude Depth Mw Location
Ul 2008/05/12 15:28:01 31.00°N 103.32°E 19 km 7.9 EASTERN SICHUAN, CHINA
o2 2008/11/17 02:02:33 1.27°N 122.09°E 30 km 7.4 MINAHASA, SULAWESI, INDONESIA
u3 2009/01/04 04:43:51 0.41°s 132.88°E 17 km 7.6 NEAR THE NORTH COAST OF PAPUA, INDONESIA
U4 2009/01/16 02:49:39 46.86°N 155.15°E 36 km 7.4 EAST OF THE KURIL ISLANDS
[15] 2009/03/20 03:17:41 23.05°s 174.66°W 34 km 7.6 TONGA REGION
Uue 2009/07/15 18:22:29 45.76°8 166.56°E 12 km 7.8 OFF WEST COAST OF THE SOUTH ISLAND, N.Z.
a7 2009/09/30 02:48:11 15.51%8 172.03°wW 18 km 8.0 SAMOA ISLANDS REGION
us 2009/09/30 19:16:09 0.73°s 899.86°E 81 km 7.6 SOUTHERN SUMATRA, INDONESIA
U9 2009/10/08 07:03:15 13.05°s 166.19°E 35 km 7.6 VANUATSU
N1 2008/09/11 09:20:45 41.67°N 144.39°E 16 km 6.8 SE OFF TOKACHI

Hvpocenter Catalog: Ul-U9 ... USGS PDE N1l ... NIED
13?°E 149"E 14‘1"E

T
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Fig. 1.

Distribution of stations used in this study.

Gray and black triangles show the locations of MeSO-net stations installed in FY2007 and FY2008,

respectively. Open diamonds represent the locations of NIED Hi-net/F-net stations.

Region where

the distance from MeSO-net stations is 22 km or more is shaded.
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Table 2. Information on reference stations.
Network Code Lat. Long. it Period
NS EW
F-net N.TSKF 36.21°N 140.09°E 0.0° 90.0°
N.SGNF 35.51°N 138.94°E -5.8° 83.9°
Hi-net N.YSTH 36.26°N 140.20°E -2° 88°
N.EDSH 35.95°N 140.33°E 0° 90°
N.TYOH 36.12°N 140.56°E 5 a5°
N.ISGH 36.11°N 139.99°E -3° 87° ~2009/08/30
-49° 41° 2009/08/31~
N.KGRH 36.09°N 140.31°E a= 92°
N.TSKH 36.21°N 140.09°E 22 92°
N.HAZ2H 35.83°N 140.73°E -14° 76°
N.TBSH 35.98°N 140.11°E 138° 228°
N.IWTH 35.93°N 139.73°E -88° 2°
N.HDKH 35.90°N 139.38°E 8° 98°
N.TKRH 35.80°N 139.54°E 4° 94°
N.NGRH 35.91°N 139.15°E -7° 83°
N.TOIH 36.00°N 139.22°E -3° 87°
N . HHNH 35.86°N 139.27°E -4° 86°
N . SHMH 35.80°N 140.02°E 31° 1712
N.CHSH 35.71°N 140.85°E 2° 92°
N.CBAH 35.55°N 140.24°E 3° 93°
N.YROH 35.29°N 140.15°E 6° 96°
N.FUTH 35.34°N 139.86°E -54° 36° ~2009/07/15
-6° 84°  2009/07/16~
N.NRTH 35.83°N 140.30°E -3° 87°
N.CHZH 35.73°N 140.82°E -1° 89°
N.KT2H 35.17°N 140.34°E 4° 94°
N .HSNH 35.59°N 140.51°E 34° 124°
N.FCHH 35.65°N 139.47°E -10° 80°
N.KOTH 35.61°N 139.81°E 49° 139°
N.HOJH 35.67°N 139.27°E 1° 91°
N.HH2H 35.70°N 139.13°E 4° 94°
N.ASGH 35.32°N 139.02°E 0° 90°
N.YMKH 35.49°N 139.06°E -4° 86°
N.KRKH 35,44°N 139,12°E -5° 85°
N.HRTH 35.32°N 139.31°E -4° 86°
N.YKHH 35.50°N 139.52°E 5% a5?
N.ATGH 35.40°N 139.35°E -2° 88°
N.FJOH 35.64°N 139.13°E -3° 87°
N.YM2H 35.42°N 139.04°E -6° 84°
N.MTDH 35.37°N 139.13°E 9° 99°
N.KIYH 35.46°N 139.21°E -1° 89°
N.QOOKH 35.62°N 138.98°E -3° 87°
N.TUZ2H 35.51°N 138.97°E -6° 84°
F-net IagidEa T 0iceki3, ME SR Z 6 L 72 BRI R 3. Table LR LzHEIc> 0T, 5
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S N FRIERIE N OS2 BRER L, S/N 25-+45
TV T2 SIRA L7z, 2008 55 HIcH A L2
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BUAS TORERIE, BXLOE. YYIM BilllSTOSR
WA OBEIEE—Fl & LT Fig. 2 1IT/R7.
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Fig. 2. Examples of observed waveforms of 2008 Eastern Sichuan earthquake (Ul in Table 1).
(a) Accelerograms recorded by a tiltmeter at the N.KOTH station. At this station, N- and
E-components of the tiltmeter are oriented to N49°E, N139°E, respectively. (b) Displacement
waveforms integrated from waveforms shown in (a). Band-pass filter from 50s to 100s is applied.
(c) “NS” and “EW” component displacement waveforms. These waveforms are calculated from a
49° anticlockwise rotation of waveforms shown in (b). (d) Accelerograms recorded at the E.YYIM
station. (e) Displacement waveforms calculated using waveforms shown in (d).
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Rotation Angle, ¢ [deg.] Rotation Angle, ¢ [deg.]
—— 2008/05/12 (U1) —— 2009/01/16 (U4)
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~ — 2009/01/04 (U3) — — 2009/09/30 (U8)

Fig. 3. (a) Maximum cross-correlation coefficients C;;(¢) between displacement waveforms observed
at E. YYIM and N. TKRH.
Line colors and types are related to earthquakes listed in Table 1.
(b) Averaged cross-correlation coefficients for E. YYIM.
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Fig. 4. Estimated azimuths of the MeSO-net borehole sensors.
Each arrow indicates the direction of the N-component of a sensor. Diamonds and circles represent locations
of reference stations (NIED Hi-net/F-net) and MeSO-net stations, respectively.
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Table 3. Estimated azimuths of MeSO-net borehole sensors.

Code Az Err. N Sa* Code Az Err. N Sa Code Az Err. N Sa
E.ABHM -24° 2° 2 E.MBSM -7° 2° 7 -12° E.SR2M -3° 2° 3
E.AYHM -6° 3° 3 E.MDIM 2° 1° E.SRCM -3° 4° 3
E.BKKM -11° 2° 13 E.MDHM N/A E.SRIM -14° 3° 4
E.DAIM -3° 2° 8 E.MHKM -11° 1° 8 E.SREM -9° 2° 3
E.DGRM -13° 2° E E.MKJM -138° 29 g8 -146° E.SRSM 24° 2° 5
E.DICM -12° 1° 12 E.MKSM -6° 1° 16 -5° E.SRTM -9° 2% 3
E.DSCM -11° 1® 37 E.MNAM 0* 3° 3 E.35DM -9° g [3
E.ENZM -8° 1 16 -9° E.MNEM -16° 2° 5 E.SSHM N/A

E.FJISM -17° 3° 3 E . MNMM -5° 3° 5 E.SSMM -15° 4° 3
E.FECM -8° 1 9 E.MOEM 1% 1° ] E.S5NM -20° 32 4
E.FKOM -1° 1° 8 E.MRIM -g9° 3° 6 E.SSEM -33° 3° 5
E.FMHM -9° 2° 8 E.MRTM -7° 3° 4 E.STHM -17° 4° 3
E.FMNM -11° 2° E E.MSKEM -7° 2° 6 E.SYOM -7° 20 9
E.FTEM -a° 4° 2 E.MS0M -6° 2° 6 E.SYPM -14° 4° 3
E.FUNM -8° i 9 E.MSEM -9° 2% ] E.TACM -6° 2% 3
E.GHGM -6° 1® 21 -8° E.MYHM -2° 2° 8 E.TAKM -9° 32 2
E.GKSM -1° 2° 14 -4° E.MZMM -2° 1° 15 -6° E.TBKM -3° 1° 15
E.GNZM -4° 3 5 E.MZPM -3° ge 7 1 E.TGNM -8° 22 E}
E.GSIM -5° 1* 23 -12° E.MZUM -3° 4° 3 E.THCM -10° 1% 38
E.HGCM -6° 4° 3 E.NARM 0° 1° 25 -5° E.TK2M -4° 22 [3
E.HGSM -2° 1* 15 E.NDOM -11° 4° 3 E.TKKM 3° 1° 20 -6°
E.HKEM 7° 2° 12 0° E.NGSM 7° 1° 15 1® E.TEMM -19° 3° 5 -22°
E.HNOM -2° 2° 11 4° E.NISM -11° 2° ] E.TKNM N/A

E.HNPM -12° 1 17 E.NKGM -7° 22 8 E.TKSM -1° 2% 11 -8°
E.HRGM -5° 1° 5 E.NKMM 1 2° 3 E.TKWM -12° 12 9
E.HSDM -10° 2° 5 E.NENM -16° 2° 3 E.TKZM -186° 1° 50 -24°
E.HSUM -7° 2% 11 -2° E.NNGM -7° 3° 3 E.TNKM -5° 1® 15 -10°
E.HTTM -19° 22 9 E.NNTM -14° 4° 3 E.TOCM -10° 4°

E.HYDM -17° 1° 8 E.NOEM -13° 2° 6 E.TOKM -12° 1° 3
E.HYHM -9° 3° 4 E.NSIM -16° 4° 3 E.TSCM -8° 4° 3
E.IIDM -1° 2° 3 E.NSMM N/B E.TSRM -3° 1 41 -10°
E.IKCM -13° 3° & E.NSUM -10° ge 3 E.TTOM -13° 3° 4
E.IN3M -14° 1* 25 =z0° E.OASM -13° 3° 3 E.TWDM 19° 4°

E.INAM -15° 1° 22 E.OACM -16° 2® 6 E.TYHM -8° 1® 12
E.INOM -6° 3 & E.O0JCM -6° 3° 3 E.TYNM -11° 3° 5
E.JDIM 2° 1° 13 -3° E.OKCM -2° 2° 8 E.TYUM -17° 0 4
E.KBRM -9° 1® 18 -17° E.OKDM -11° N E.UHRM -9° 3° 8
E.KCEM -19° 1 15 =-35° E.OMKM N/B ., UNMM -12° 1° 16 =-13°
E.KDKEM -13° 1° 16 -14° E.OMNM N/B E.YGHM -21° 2¢ 9
E.KGKM -1° 1 15 -13° E.OMRM -13° 1° 16 -17° E.YKEM -19° 2° 12
E.KH2M -15° 4° 2 E.OYTM -19° ™ 15 -25° E.YKKM -7° 2® 11 -14°
E.KHDM 11° 3° 3 E.RKGM -6° 20 5 E.YKSM -10° 2° 7 -15°
E.KKHM -2° 3° 5 E.RMSM -g° 0° 56 -16° E.YMKM -11° 1° 9
E.KKSM -11° 4° 3 E.RYGM -25° 3° 4 -23° E.YMMM -29° 3° 3
E.KMHM -8° 2® 9 E.RYNM -10° 1° 12 -18° E.YNCM -4° a0 ap
E.KMEM -13° 1 16 -18° E.SBAM -2° 3e 5 E.YNMM -14° 6° 1
E.KMRM -18° 28 a E.SBCM -7° 4° 3 E.YSOM -12° 3° 4
E.KOHM -11° 2% i1 E.SDMM -5° 4° 2 E.YSEM -6° 2° 8
E.KRCM -23° 2° 3 E.SECM -8° 3° 3 E.YSSM -18° 1° 12
E.KRPM N/A E.SFHM -13° 4° z E.¥YT2M -8° 1° 2
E.KSCM N/A E.SGWM -22° 3° 6 E.YTEM 166° 1° 41 1e0°
E.KSGM N/A E.SIBM -18° 3 2 E.YYIM -2° 2° 14 -8°
E.KSOM -12° 3° 3 E.SICM -3° 3° 4 OK.AOCM  -17° 1° 28
E.KSRM -19° 1° 12 E.SKHM -5° 4° 3 OK.AONM  -13° 1° 40
E.KUDM -17° 4° 3 E.SEMM 155° 1° 5 153° OK.HRDM  -13° 1° 19 -8°
E.KUYM -6° 1* 23 -11° E.SKPM N/R OK.NHMM  -11° 1% 29
E.KWHM -12° 1® 15 =-19° E.SMGM -19° 2® ] OK.NKYM  -19° 1° 18
E.KYDM 3 i e & E.SNHM -7° 1° 18 -6° OK.TKCM  -13° 1° 24
E.KZMM -14° 2° & E.SNJM -10° 7° 1 *Sa: Sasaki ef al. (2009)
B.KZTM -6° 3° 3 E.SNSM -16° 1° 9
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Fig. 5. N-component sensor azimuths of the MeSO-net.
Solid and open arrows represent azimuths estimated
by this study and by Sasaki et al. (2009), respectively.
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Fig. 7. Relative sensor azimuths differences {£(i, k)—{ (i, k)} between MeSO-net stations within a 10-km interval.
Relative sensor azimuths £(i, k) are estimated by a cross-correlation analysis between MeSO-net stations i and
k. {(i, k) are derived using absolute sensor azimuth at stations i and & estimated in this study (Table 3). Circles
on the map show the locations of stations we evaluated.
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Fig. 8. Schematic illustration of seismic wave diffraction
effect on sensor azimuth estimation.
(a) Star, dotted arrow, and thin arrows indicate epi-
center, seismic ray pass, and sensor azimuths, respec-
tively. Parameters «, B refer to back azimuth and
azimuth of principal axis of P-wave first motion,
respectively. Gray ellipse denotes particle motion of
P-wave. (b) After rotating the sensor with (B-a)
anticlockwise (thin arrows) to put the azimuth of the
principal axis of P-wave on the backazimuth (thick
arrow).
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