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Analysis of high-frequency signal recorded by gravimeter
and broadband seismometer and its application
to anomaly identification
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Abstract: Taking the Tohoku, Japan, Ms9. 0 earthquake on March 11, 2011,
and three typical earthquakes (near earthquake, teleseism, distant deep-focus
earthquake) on 23 November 2013, for examples, the coseismic responses of
JCZ-1 broadband digital seismometer and LaCoste-PET gravimeter were
analyzed by means of frequency spectrum. Since the response range of design
frequency for the two types of instruments are different, their signal acquisition
capabilities and the signal spectral distribution are different. The predominant

periods of seismometer are smaller than that of gravimeter. However, they still
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show well corresponding and comparability in response to the high-frequency
crustal deformation signals. They response synchronously to those high-
frequency seismic waves with period more than 1 s, and they have good consis-
tence for teleseism wave recording. The characteristics of synchronous response
to high-frequency crustal deformation signals recorded by gravimeter and broad-
band seismometer provide physics index for those high-frequency anomalies
occurred in gravity observation, which is significant to identification of earth-

quake precursors probably appeared in deformation observation.

Key words: gravimeter; broadband seismometer; seismic wave; frequency spec-

trum analysis; anomaly identification
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Fig.1 Seismic waves of Tohoku, Japan, Ms9. 0 earthquake on March 11, 2011 recorded by

gravimeter (a) and seismometer (b) at Tai’an seismic station
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Table 1 Catalogue of earthquakes on 23 November 2013
( )
Ms /km /km
6:04.:23 44, 60°N 124. 10°E 5.8 1100 9
13:44:10 37.10°N 120. 02°E 4.6 280 6
13:24:.22 37.09°N 120.01°E 3.5 280 7
15:48:32 17.10°S 176. 60°W 6.7 9100 370
2.2.1 M;4. 6
Pn. Pg., Sn. Sg, ,
( , , 1991). Mg4. 6 280 km, .
JCZ-1 Pn., Pg. Sn, Sg, , S P
30. 06 s, 4.5 .
( b 1979) b ’
, t=30s . A,=2x/t,
0.21 Hz ( 4,78 s ) ) ,
100 Hz ,
M4. 6 30 s (P 0.30—1.05 s
4 (P+S ) ,
8 2.64—11. 34 s,
2.75—6.24 s, 2.
s Ms4. 6 20 , M;3.5 ,
( 1 )

0.20—0.58 s,
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Mg4. 6 9
13 s, ( Ms4. 6)
Table 2 Sequences of power spectrum peak value of
2.2.2 . Mi5. 8 gravimeter and seismometer at Tai’an seismic
station (Laizhou Ms4. 6 earthquake)
b
N N 4 4 30 s
s , 1 4.57 4.41 1.05
2 5.57 2.75 0. 30
110 s, 3 3 3.16 4.66 0.93
20 s, 8—60 s( , 4 11. 34 6. 24 0. 34
. 1991). M5, 8 5 9.85 4.27 0.33
6 2.91 3.28 0.32
1100 km, .
) 7 3.46 5.45 0. 34
JCZ-1 8 2. 64 5.12 0. 40
P, PP, S, SS,
, S P 100. 85 s, 30 . Ms5. 8
100 s  (P+PP > ,
, 2.42—7.11 s, 2.29—8.53 s.
4 ) .
2.15—36.57 s s 10 s . 3.41—9. 85 s,
s 3
13 So
3 ( M;s5. 8 )
Table 3 Sequences of power spectrum peak value of gravimeter and seismometer
at Tai’an seismic station (Songyuan Ms5. 8 earthquake)
P 9 S 4 P 9 S 4
1 7.11 7.76 8.53 7.76
2 2.51 23.27 2.67 8.53
3 5.82 19. 69 2.29 5.82
4 2.61 3.01 3. 46 9.85
5 4.27 36.57 3.28 6.92
6 2.42 2.15 5.33 6.40
7 2.84 5.95 4. 41 5.30
8 4.92 4. 06 4.13 3.41
2.2.4 : M6.7
M6, 7 ’ 9100 km, , , JCZ-1
P, pP. sP, PP, S, SS s 370 km,
s .S P 586.6 s (9 46.6 ),
1 . 9 ,
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37

37.93—78.77s,

b

4,05—11.91 s.

37.93—78.77 s,

4

6.65—21.79 s,

« .
Ms6. 7 13 s.
3 s 13 s.
4 ( M;6. 7
Table 4 Sequences of power spectrum peak value of gravimeter and seismometer
at Tai’an seismic station (Fiji Islands Ms6. 7 earthquake)
P 9 S 4 P S 4
1 78.77 78.77 9.48 21.79
2 68. 27 68. 67 5.33 12. 96
3 60. 24 60. 24 5. 20 20.48
4 53. 89 53. 89 8.68 7.82
5 48.76 48.76 4.05 5.52
6 44,52 44,52 11.91 6.65
7 40. 96 40. 96 7.06 8. 00
8 37.93 37.93 5.92 12.05
0.30—6. 24 s, 2.29—8.53 s (P ), 3.41—9.85
(S+P ) 4,05—11.91s (P ), 6.65—21.79 s (S+P ),
2.64—11.34 s, 2.42—7.11 s (P ), 2.15—36.57 s
(S+P ) 37.93—78.77 s (P S+P ).
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Fig. 2 Curves of typical spectrum of the seismic waves recorded by gravimeter (a) and seismometer (b)
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