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Abstract: Orientation accuracy of three components of station seismometers is very important for
modern seismology research. Many aspects of modern seismic studies require rotating the BHN,
BHE, and BHU as three-dimensional orthogonal coordinate components of particle motion; that
is, radial (horizontal direction of incidence), horizontal (in the horizontal plane perpendicular to
the incident direction), and vertical. If the station seismometer's BHN component direction and
the true north direction N are really larger than the azimuth deviation, then the radial and trans-
verse components will have a greater system deviation, which is based on the back azimuth value.
This will affect the authenticity and reliability of modern seismic studies, such as shear-wave
splitting SKS results, and also confuse seismic interpretation. For many years, seismic workers
at home and abroad have attached great importance to the seismometer azimuth’s accuracy and
correction testing for basic research. If P-waves are compressed through horizontal layered aniso-
tropic media to seismic stations, then the particle trajectories will be in the large in-plane circle
composed of the seismic focus, the seismostation, and the geocentre. Seismic P-waves in the

plane incident to station direction (radial or station azimuth direction) were also determined to
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have radial (plane incident) P-waves with the greatest polarization energies in the plane perpen-
dicular to the incident direction of landscape orientation with the lowest vibrational energy. If
BHN coincides with the north direction N (BHE direction coincides with the East direction E),
the rotation angle from BHN to the P-wave plane incident direction (energy maximum polariza-
tion direction) will be the seismostation to seismic focus’s back azimuth. If the seismometer sta-
tion BHN direction and the North direction N slightly deviate, the rotation angle from BHN to P-
wave plane incident direction (polarization energy maximum) will not equal the seismostation to
seismic focus's back azimuth. From the seismostation-seismic focus back azimuth angle and the
rotation angle determined from the BHN/BHE components to the maximum polarization energy's
direction, the seismometer BHN component’s azimuth deviation could be obtained. Using an
SNR-weighted multievent method and teleseismic P-wave particle motions, Niu (2011) found that
about one-third of the CEArray stations have some sort of problems, including misorientation of
the two components, mislabeling of BHN and BHE components, as well as polarity reversal in
one or more components, all of which were brought to the attention of the China Earthquake Ad-
ministration and seismic data users. In this study, we rechecked the component azimuths of the
circum-Ordos block of CEArrays from P-wave particle motions of 73 M > 7 teleseismic events
from August 2007 through March 2011. Considering possible seismometer re-installation, we es-
timated the north-component azimuth for each station by analyzing the time series of the calculat-
ed azimuths of each individual event. Our calculated azimuths are very consistent with the results
of Niu (2011), which implies that the CEArray does have a problem with misorientation. The
teleseismic P-wave particle motion method can be used to effectively check the seismometer sta-
tions” horizontal azimuth deviations. Therefore, in modern seismology research such as SKS split-
ting with CEArray data, users should pay particular attention to component misorientation, po-
larity reversal, and mislabeling problems.
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The seismometer azimuth inversion results.
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Table 1 Parameters of the stations used in this study
/o /e Counts/[pm » s71]
Z E H
1 SX DAX 113.05 39. 05 CMG—3ESPC 623. 66 622.4 619. 26
2 SX DOS 112.74 37.92 KS—2000(120s) 1 371.41 1 248. 96 1241.11
3 SX HSH 113.72 39. 66 BBVS—60 1 264. 85 1 250.4 1270.78
4 SX KEL 111.71 38.77 CMG—3ESPC 638. 77 640. 03 633.73
5 SX LIS 111. 24 37.52 CMG—3ESPC 623.03 623.03 621. 96
6 SX NIW 112. 33 38. 68 CMG—3ESPC 629. 33 638.77 615.48
7 SX S77 113.71 40. 08 BBVS—120 1227.45 1241.92 1217.73
8 SX YMG 112. 80 39.22 BBVS—60 1 254. 44 1402.77 1317.43
9 SX 70Q 113. 35 37.09 CMG—3ESPC 620. 52 617. 37 621.15
10 NM HLG 111. 84 40. 37 BBVS—60 1 249.56 1 240. 48 1 261. 86
11 NM JIN 113.15 40. 99 BBVS—120 1274.68 1 263. 86 1231.17
12 NM XSz 108. 73 40.73 BBVS—60 1475. 39 1 458. 67 1523.15
13 SN  HZHG 107. 43 33.25 CTS—1 1070.79 1 058. 21 1 055. 06
14 SN SUDE 110. 23 37.49 KS—2000(60) 1 300. 82 1 281.31 1 262.43
15 SN YULG 110. 50 38. 85 CTS—1EF 1259 1267 1259
16 NX YU 106. 33 35.48 FBS—3H/VBB 550. 6 550. 6 550. 6
17 NX LWU 106. 33 38. 10 JDF—2 571.4 571.4 571.4
18 NX YCI 107. 43 37.77 KS—2000(120s) 1222 1221 1218
19 NX XSH 105. 20 37.24 CMG—3ESPC 570. 8 576 566. 2
20 QH LED 102. 39 36. 55 BBVS—60 1267 1 254 1273
21 GS LZH 103. 84 36.08 CTS—1 1 068. 88 1 069.5 1015. 28
22 NX YCH 105.93 38. 60 CTS—1 1 258 1 258 1 258
23 SN MIAX 106. 80 33.22 KS—2000(60s) 1271.87 1 285.08 1277.53
24 NM BYT 105. 71 38. 84 BBVS—120 1 300.47 1271.77 1 300. 01
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Table 2 Misoriented stations seismometer azimuth deviation results
1
[,oj Lo /° SKS
/ /
1 DAX.SX —15 —22.07 13 10. 98 s ., SKS o
2 DOS.SX  —9 —9.26 24 4.61 s ., SKS o
3 HSH.SX —15 —16.13 33 5.98 ,  SKS o
4 KEL.SX —16 —28.07 15 5.45 s ., SKS o
5 LIS. SX —7.13 20 14. 66 s ., SKS o
6 NIW.SX —15 20. 06 20 13. 64 s , SKS o
7 SZ7. SX —7.00 27 4. 10 s ., SKS o
8 YMG. SX —2.72 28 5.34 s . SKS o
9 70Q. SX 28 23.82 9 9.71 , ., SKS .
10. 59 6 7.76
10 HLG.NM 2007 , SKS o
—9.47 26 5.11
11 JIN.NM —8 —8.05 36 10. 50 ., SKS N
12 XSZ. NM 18 17. 26 42 7.45 (N—->—N,E—>—E), SKS
13 HZHG.SN —9 —10. 83 3.95 ,  SKS
14 SUDE.SN —12 —12.15 25 6.22 s . SKS o
15 YULG. SN —1.77 31 8. 66 (N—E,E—>N), ., SKS
16 JYU. NX 1.69 14 4.12 s ,  SKS o
17 LWU.NX 23 12.06 12 7.48 s ., SKS o
18 YCI. NX —5.4 34 2.69 s ., SKS o
19 XSH.NX —27 —33 9 6. 81 , ., SKS o
25.7 19 5. 80 (N—-—N,E—=—E).2009 7 s SKS
20 LED. QH 27
—2.75 14 1. 82
21 LZH. GS —3.61 29 1. 55 s ., SKS o
22 YCH. NX —3.65 23 4.26 . SKS o
23 MIAX. SN —2.89 32 3.07 s ., SKS o
24 BYT.NM —2.29 27 6.51 s ., SKS o
40 . ) ( )
301 % . . SKS
20¢
0 . :
o 10} (3) (LZH) .
| (YIO), (MIAX),
=710 (BYT), , ,
=
k2 =20¢ 3 SKS
=30 . !
I o (4) (DOS) . (SZ72) .
-40 . . . < < -
—40 -20 0 20 40 (YMG) ayu, (YCD 5 ,
HuE TH 5 A £/°
% -5 R 2/ X . SKS
A4 WEFFEBRETALERTE M SKS
b
by A AR W A Lk [1]
HHEER)
Fig.4 A comparison of the seismometer azimuth
b
deviation results.
(1) 20 12 . \ s SKS
N ) o
\ ), SKS R . ,  SKS



333

Angle Anomalies[ ]J]. Journal of Geophysical Research, 2002,

35 2 P
4 107, doi:10.1029/2000JB000048.
[6] Yoshizawa K, K Yomogida, S Tsuboi. Resolving Power of
@Y p 7 Surface Wave Polarization Data for Higher-order Heterogenei-
. ties[ J]. Geophysical Journal International, 1999, 138: 205~
220.
(2) ’ p [7] Schulte-Pelkum, V G Masters, P M Shearer. Upper Mantle
Anisotropy from Long-period P Polarization[]]. Journal of
» Niu " ’ Geophysical Research,2001,106:21,917-21,934.
[8] Goran Ekstrom, Robert W Busby. Measurements of Seismom-
N o eter Orientation at Usarray Transportable Array and Backbone
(3) SKS , Stations[ ] ]. Seismological Research Letters,2008,79(4) ;554-
561.
I - - e 9] C
Bl AP B E BRI EGR TR R o 012.31(1) 8592,

%‘:%l E é ® Z"}i%}%é‘/ﬁ]\ ‘:P A $Eﬁ%;}%ﬁ%i&g’ﬁi%&}i LiZ T, Pan Y L, Tian X F, et al. Preliminary Study on the

I ’ )5}1%):45 JJ—H: LN 'fjé ’g]r_’f/b\ e T ﬁ\ﬁi{b}}ﬁ‘ﬁ‘}‘ ,:?_z, f?“ Eric Minimum Distance between Strong Motion Station and Inter-

Sandvol Z ¥4 & 35 7 151k £ 1—‘— ﬁ_ R A2 )fjé. , )éx Ht ference Source[ J]. Northwestern Seismological Journal,2012,

B R S EaE S R L h

10 ,

A 9 [Il. ,2011,33(4) :408-412.

Fan L B, Ren Z. Adjust Deformdtion Observation Way to
[ :l Explore New Path of Earthquake Forecasting[J]. North-

[1] NIU Feng-lin, JUAN Li. Component Azimuths of the CEAr- western Seismological Journal, 2011,33(4) :408-412.
ray Station Estimated from P-wave Particle Motion [ ] J. [11] . . s
Earthq. Sci. » 2011,24; 3-13. [J]. ,2008,30(5) :533-539.

[2] Laske G. Global Observation of Off-great-circle Propagation of Liu RF, GaoJ C, Chen Y T, et al. Construction and Devel-
Long-period Surface Waves[J]. Geophysical Journal Interna- opment of Digital Seismograph Networks in China[ J]. Acta
tional,1995,123:245-259. Seismologica Sinica, 2008,30(5) :533-539.

[3] Laske G, G Masters. Constraints on Global Phase Velocity [12] R . R
Maps from Long-period Polarization Data[ J]. Journal of Geo- [Jl. ,2011,54(6): 1549~
physical Research,1996,101:16059-16075. 1558.

[4] Larson EW F. Measuring Refraction and Modeling Velocities Hu Y X, Cui DX, Ji L Y,et al. Seismic Anisotropy of Upper
of Surface Waves[D]. Cambridge, Massachusetts; Harvard U- Mantle in Ordos Block and Adjacent Regions, Chinese[]].
niversity,2000. Geophys. ,2011,54(6) :1549-1558.

[5] Larson EW F, G Ekstrom. Determining Surface Wave Arrival



