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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 -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

of stations, -components of seismographs are within from magnetic north. We confirm

that the sensors at three stations are rotated more than . Although our results agree well with

results estimated using -wave first motion of a local earthquake, there are systematical azimuthal

di erences 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 di racted

wave passing through the high-velocity slab was observed as a first pulse at stations located in the

northeastern Kanto region.

: MeSO-net, NIED F-net/Hi-net, sensor azimuth, long wavelength seismogram, cross-

correlation
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Table . Earthquakes used in this study.

Fig. . Distribution of stations used in this study.

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

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

the distance from MeSO-net stations is km or more is shaded.
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Table . Information on reference stations.
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Fig. . Examples of observed waveforms of Eastern Sichuan earthquake (U in Table ).

(a) Accelerograms recorded by a tiltmeter at the N.KOTH station. At this station, - and

-components of the tiltmeter are oriented to N E, N E, respectively. (b) Displacement

waveforms integrated from waveforms shown in (a). Band-pass filter from s to s is applied.

(c) “NS” and “EW” component displacement waveforms. These waveforms are calculated from a

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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Fig. . (a) Maximum cross-correlation coe cients ( ) between displacement waveforms observed

at E. YYIM and N. TKRH.

Line colors and types are related to earthquakes listed in Table .

(b) Averaged cross-correlation coe cients for E. YYIM.

Fig. . Estimated azimuths of the MeSO-net borehole sensors.

Each arrow indicates the direction of the -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 . Estimated azimuths of MeSO-net borehole sensors.-
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Fig. . Distribution of -component sensor azimuthal

di erences estimated by this study and Sasaki

( ).

Fig. . -component sensor azimuths of the MeSO-net.

Solid and open arrows represent azimuths estimated

by this study and by Sasaki ( ), respectively.
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Fig. . Relative sensor azimuths di erences ( ) ( ) between MeSO-net stations within a -km interval.

Relative sensor azimuths ( ) are estimated by a cross-correlation analysis between MeSO-net stations and

( ) are derived using absolute sensor azimuth at stations and estimated in this study (Table ). Circles

on the map show the locations of stations we evaluated.
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Fig. . Schematic illustration of seismic wave di raction

center, seismic ray pass, and sensor azimuths, respec-

e ect on sensor azimuth estimation.

(a) Star, dotted arrow, and thin arrows indicate epi-

tively. Parameters , refer to back azimuth and

azimuth of principal axis of P-wave first motion,

respectively. Gray ellipse denotes particle motion of

-wave. (b) After rotating the sensor with ( )

anticlockwise (thin arrows) to put the azimuth of the

principal axis of -wave on the backazimuth (thick

arrow).
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