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Abstract: This paper lists and analyzes a few kinds of low frequency events
studied in foreign literature. By choosing broadband records at stations of Si-
chuan digital seismic network near main fault of the Wenchuan earthquake and
band filtering these datum, we detected four similar low frequency events, i.
e. » episodic tremor and slip events (ETS), low frequency events (LFE), deep
low frequency events (DLF) and very low frequency events (VLF). Located ex-

amples confirm that several low frequency events occurred near the LLongmen-
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shan fault, most of them are ETS and VLF and minority is DLF. We can not
verify whether LFE events actually exist or not, because there are distant earth-
quakes at the same time. As a supplement to traditional earthquake catalog, low
frequency events may provide us a new research line for exploring possible pre-
cursors and triggering mechanism of strong earthquakes.

Key words: Wenchuan earthquake; low frequency events; tremor; episodic

tremor and slip events; deep low frequency events; very low frequency events
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R S (L R Sy 12 b 72 S b 72 ) 1 MBE A I 48 8 LE 8 b R AT P R G e IR RN AR AR
BN, DI R A2 IR MR B 6 s Re i WA D s 2. BEE GPS AR K 8T Hhy 52 W8 I 7K
B A AR R B S U TR . H R (Matsubara er al, 2009) , S 7
B (Payero et al, 2008) UL KR4 W (Cascadia) (Brudzinski, Allen, 2007)Z&{ff #f
i b DX R T 1 53 B A e 1] 482 5 F% A0 7 2R A

A P R 845G GPS 34 2R . R 280 by T e 2 ] P2 #5230 7% 5 1Y
WM HEE & FEEE o R B, KM R B 5 % F{F (low frequency tremors and slip
events , {5 Ky ETS) 73 A R L AR 98, Horh A —2F S 7 T Al Z 8] (Wech et al,
2009). ETS {45 3 Jy 58 — FEER 70 HOLE AR ph AR He s L2 A0 A% ) A 11 A7 T 4 R AR 2D 1) 3t 7%
75 X (Rogers, Dragert, 2003). HZARE#S (Shelly ez al, 2007) ) ETS =5 {445 11 &5 1) 3 2 Lo
Cop/vs)H , FRILE N 2—5 Hz, [EBEEG 0.02—0. 05 Hz IR H = (very low fre-
quency earthquakes, %5 K VLE)F 4. HAPGERAY 19 4~ VLF 44 € A5 A5 0 ) B
0.003—3 MPa, 115 73 2| H ¥ 5 #i #F 3 & 0 5 #> L+ oK £ JL A K (Matsuzawa et al ,
2009).

{RAT S 1F I BF 58 ] LASRTSAR 2/ 1918 B (Beroza, Jordan, 1990). ETS )/ 1 & &
WA AT IR S8 A AR AE 2535 ko [ MR 58 SR o 5 SCSRT T XA B A R DRy DR LR Y T 4
ft 5 5RO (Kao ez al, 2007). 58 53 A 2R 14 0 5 KR8 Z il & 75 A8 R0 6L i 12 ) E Ay, W]
R R AT A SO T (Sacks ez al , 1978). 43 M5 S 14 6976 3, Bl 72 22 55 (6] 7 40 9%
AN 7 HE ARV P B AR AT R R R I T M 52 0 Bl Y B ) (Kanamori, 2008). ik
WIS ARR A RRATTERRAE . ZE R HLE] . DA R AR b 5R 0 AR S IE R b AR ) ) BRI I o6
FOFIE ) 5 RE B RRE (9 LU 45, A0 H R A R DE S R . R 1Y Bl ) 2 ] R
FNSL I W 5 B A H S0 SRR S S, M AR A S AT BEAE O 21 1 4 ) b 52 0 R) A i
) — A8 i (RABR, 2004).

it ] L 9 A R TE AT R U 5 i R e . B PR R IE
A A AR 4R T s A TRk, TR S8 AT BT O & 9 f 6T ) oM ik 2 5
7 (ETS) SR A 5 AR KB R IR . B0 b B iz A A ETS 54K
BRI R A BE T AR CETAI . TR IERE, 20075 ZILH4E, 2008). SCH 454 [ A SOk 3t
AEXT O | 52 T A I A3 S 7 T Je A G 10 98 25 5.
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B — AR FRAE A F A AT 73 Ry 4R LR F

1) AR B 5 0 8% 310 (ETS) M 2218 3 8% T 1F (slow slip event, 5 SSE) (Kao et
als 2007; Rocca et al , 2008; Ghosh et al, 2009). ETS Fi1 SSE {4 14 G 3951 K 43 5l & 2—
6 Hz f1 2—4 Hz. 3K 1 i, 3 76K 87K (Kao et al» 2007; Schwartz, Roko-
sky, 2007)F1 H 7 P4 [# ( Shikoku) #ic 5% (Schwartz, Rokosky, 2007). 7 [G] F ¥ 15 #Z ,
ETS e o Pl S L2 W HE L Sl 3. RN, B/ ETS Sl & 23k 10—
30 K RICFEWHUIRZ . BNk i 18 Hh 52,

2) ALK Hh Z A (deep low-frequency earthquake, faj5 & LFE) (Miyazawa, Mori,
20063 Von etal, 2008; Ide et al, 2007), 1@ & 48 012 B A ZE Bi (tremor) P it 1Y BA — I 4 =5
fF. LFE ) P F1 S BRI 2235 5001800 s. WK 1, R TE M-k 2B Bid %P IE
Y E) i 22 K 490 s(Miyazawa, Mori, 2006). SIEW HZEANFZE. LFE F469 S #IREE
WZENE . Sy BTNy, LFE S50 AT Ge S K XS iy 55 D)8 o # L 42

3) AR = B 55 {4 (deep low frequency tremor event, fij 5 & DLF) (Takeo et al,
20063 Ohmi, Obara, 2002; Miyazawa, Brodsky, 2008). DLF FiI LFE B9 3E I 45 K 15y
0.01—1 Hz, W3 1 F5)28 i KOV PEMRRIC 34 19 DLF 3 JE (Takeo ez al s 2006). DLF F{f
) P A S PRy BImE 228 5—15 s, DLF SFAF R IR EEAE 30 km, £ FWiZE ., LLE W AY N
AR REAE AR E S5 AR . HCRE I B9 ) S5 4877 A2 DLE i (Miyazawa, Brodsky, 2008).
DLF REi S ) N & HAS S (Tottori ) HU R M AT Z . & W2 89 U1 7= 4=, MR .
BRI 25 3 i K& DLF 2 —F R REREFERE . 0T 2/ EBA . FMEA R
1F 5 # (Obara, Hirose, 2006).

4) BRI M = F 4 (very low frequency earthquake, fij 5 & VLF) (Ito, Obara,
2006). AR 1R . AR A 32 BEAE HOARSE M A . L M 52 22 U A 2 AL AR AR AR AR
F/F (Bormann, 2002). HASHLEE & W0 i B9 88 KA M 7= 450 38 0 [ 2 0. 01-—0. 1 Hz, FRAE
B 2050 s. REFRE] P RN S B, BT 258 50 s 247, BIEAER 13 /i, VLF F 4]
AE A A TE W 2 8 K AT, B T W2 T 4, T B0™ AR A B i) R #9119 S5 (Shipley e
als 1994; Obara, Hirose, 2006). H: K [ W % #E 2 3 52 o 5 A JL A+ oK 2= JL A K (Mat-

suzawa et al , 2009).

2 WBERTRSRE R R A R ES 7

S TR G BT sk BRI S AR A S A, TR R )2 BT £ 3 A OB DG A = 1 U
. 3 OO W 22445 B 0 SE AR G sk 6 W R SEHBC IS Oy 60 s—120 Hz. 301 72 i i
SEW R BRI B 2008 £ 4 A 12 H—5 H 12 H . LA #EB4y 2010 4E5040. 76 A0 R A5 Bt
B S5 X e 1T L U 2R TR £ 3 AT AR S ) A R R A

TEAL PR Z 250k Ja s R T LR U AR 08, JF X Se 0 IR AR R B8, A1
BHZAGuiREHE SRR, T 1 A R 28 5] — — 5145,
2.1 EERIAEGERESH
2.1.1 ETSE#

XF T T 2400 B 3 5 R IE SR I IE L I . BEHL Schwartz Fll Rokosky (2007) 3 25
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Fig. 1 ETS waveform before Wenchuan earthquake(2008-05-12 04 :00—05:00)
(a) ETS waveform and arrival time of Pg and Sg; (b) ETS waveform of QCH station
(¢) ETS waveform of DFU; (d) ETS waveform of RTA; (e) ETS waveform of WCH
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Fig.2 ETS waveform in comparison with that of an earthquake
(a) 1020 Hz filtered waveform; (b) 2—8 Hz filtered ETS waveform;
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(¢) Wenchuan aftershock waveform

BZH

2008-04-18 01:00—02:00

-1
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
t/s t/s

‘ ‘ EW"
0 500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
t/s t/s

2000
t/s
(a)

500 1000 1500

2500

1000

1500 2000 2500 3000

0 500 3500
t/s
(b)

EMS

2008-04-18 01:00—02:00

1
500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
t/s
1F ‘ ‘ ‘ ‘ ‘ ‘ W ]
0
—1r ) ) ) ) ) ) B r ) . ) ) ) ) )
500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
t/s t/s

2000
t/s

(e)

1000 1500

2500 3000 3500

1000

1500 2000 2500 3000

0 500 3500
t/s
(d
3 BN DLF %

() YEPALFENT BZH A W% (b) BZH & 0.01—1 Hz JEWJ5 1 DLF K (o GZA &
0.01—1 Hz 3E¥ 589 DLF % ; (&) EMS & 0. 01—1 Hz 1€ 5 A9 DLF %
Fig. 3 DLF waveform before Wenchuan earthquake

(a) BZH broadcast station, DLF waveform before filtered; (b) BZH station, DLF waveform
0.01—1 Hz filtered; (¢) GZA broadcast station, DLF waveform 0. 01—1 Hz filtered;
(d) EMS broadcast station, DLF waveform 0. 01—1 Hz filtered
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Fig. 6 VLF waveform before Wenchuan earthquake
(a) VLF waveform of GZI station; (b) VLF waveform of HMS station; (¢) VLF of
HMS station; (d) VLF of HWS station
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Fig. 7 Selected stations, recorded low frequency events and nature earthquakes before

Wenchuan earthquake. Red solid circles denote small natural earthquakes before 38 hours

£ 2 PN AT ZE A . BT & 2 ME An 45 2R (2008-05-12)
Table 2 Low frequency events before Wenchuan earthquake at selected stations
and location result(2008-05-12)

Jaes HhRZ T 08 A P i 51 i S i 31 b i
ﬂ% /HZ E‘f:ﬁ:ﬂ\ H’J’:ﬁ“:ﬂ\
DFU CMG-3 26 04:21.49. 3 04,22:01.3 ETS Hf 1
QCH CMG-3 04:21:54.9 04:22:11.0 2008-05-12, 04:21.16. 3
PWU CMG-3 04:21.:48.3 04:22.07.2 31.14°N, 103. 05°E
31.9 km
PuEn B
3. 183 ms
QCH CMG-3 2—6 04:22:13.3 04:22:25.3 ETS H/f 2
RTA CMG-3 04:22:13.4 04.22.28.2 2008-05-12, 04:21:35.2
DFU CMG-3 04:22,05.5 04,22:12.4 31.42°N, 103. 22°E
29.6 km
Py | BB
1. 462 ms
RTA CMG-3 0.01—1 05:02:16. 1 05:03:22.9 DLF {4
DFU CMG-3 05:02:10.5 05:03:05.8 2008-05-12, 05:01:54.9
QCH CMG-3 05:02:46.5 05:03:48.7 30.46°N, 103. 02°E
SMI CMG-3 05:02:34.7 05:03:17.5 13.6 km
MNI BBVS-60 05:02:37.3 05:03:21.6 7S
8.1 ms
QCH CMG-3 0.01—0.1 10:38:38.6 10:41:52.1 VLF 34
PWU CMG-3 10:38:27. 1 10:41:54.5 28.4°N, 101.10°E
EMS CMG-3 10:38:58 10:42:13. 4 2008-05-12, 10:37:32. 3,
JLI CMG-3 10:38:50. 1 10:42:49.7 18.5 km
GZI CMG-3 10:38:36 10:42:28.2 I preit
34.8 ms

TE: EMER =, N EET N AFAR REMNZ B a4 RIBIRE . KRR fE (L8R 2.
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e H L B g U SO BB E 25k 2E 0.3—0. 4 s, [ 7 RUIFERTA MK ETS $H4F
A DOV BRI A BT J2 1 R A1 3B A — UE A 45 8 (DU 19 L) 72 W)= T 7

2008 4F 5 H 12 H 5 WHCR M — K DLF & L Hras . sk 2 PR, iCxH
G545 RTA 5. DFU &, QCH &, SMI 581 MNI . Z M Z5 R UEGRE S /R T
7y PRI RIRTREE 13. 6 km, J&—KERIRMUA B F 0, KB 0.8 s,

WL R MY VLEF BB MUE L0 . HA VLE S50 3¢ A9 5 45 298 Fl 2 20—
50 s, B TERTIE B i (UAHC RIOIARTEEZN. Bl GZL &, RTA 5. QCH &,
PWU &5, EMS &M JLI & . G @i fF BT % 2. @uaiRULOTMES S TH
7. ATRE TP SRR MR A 2R . E RS R BOR. WIB A REN] . VLF HFR5E
PRTRIE D 18. 5 ks W] RE N — YA 15 T 752 AR A AR A3 3 1 . I HL A G 8] BE A LB 7=
EoK. 3 SRR PR A R v O B3 A O] T )

B 10 M 72 T A R 72 5 R AR M RR B R RN 20 . R A HE L R DRI BE AR [l I 41 T 3 3.

3 O MR B R R AT B R AR MR H SR

Table 3 Earthquake catalog before Wenchuan earthquake near the fault zone

gy S W 2 CIE R ) i P _ = YRV /km
F-A-H w5y Ay /N 2% /°E
1 2008-05-11 02:46:26 28.27 101. 70 5
2 2008-05-11 03:58:04 35.35 106. 65 21
3 2008-05-11 05:52:03 29.68 107. 20 9
4 2008-05-11 05:55:52 29. 80 107. 28 1
5 2008-05-11 06:05:19 29. 80 107. 28 6
6 2008-05-11 06:14:54 29.68 107. 20 1
7 2008-05-11 07:12:13 29. 80 107. 08 12
8 2008-05-11 14:29:00 28.28 103. 90 0
9 2008-05-11 18.:02.28 29. 80 107. 00 14
10 2008-05-11 18:14:48 32.80 104. 47 6
11 2008-05-11 20:57:19 27.28 103.115 0
12 2008-05-11 21:14:30 30.12 102.117 0
13 2008-05-11 21:59:04 30.32 102. 118 5
14 2008-05-11 21:59:09 30. 32 102.115 12
15 2008-05-12 00:36:39 29.68 106. 28 16
16 2008-05-12 02:17:04 27.83 100. 63 5
17 2008-05-12 02:38:04 31.58 102. 93 12
18 2008-05-12 03:26:12 30.07 103. 03 0
19 2008-05-12 04:20:04 29.52 104. 02 5
20 2008-05-12 04:21:16.3 31.14 103. 05 32
21 2008-05-12 04:21:35.2 31.42 103. 22 29
22 2008-05-12 05:01:54.9 30. 46 103. 02 14
23 2008-05-12 06:06:07 31.10 108. 40 1
24 2008-05-12 06:59:49 27.72 100. 87 0
25 2008-05-12 09:04:01 33.22 103. 80 0
26 2008-05-12 10:37:32. 3 28.40 101. 10 19
27 2008-05-12 11:03:08 32.17 101. 48 5
28 2008-05-12 12:07:36 29. 80 107. 00 23
29 2008-05-12 14:28:00 31.00 103. 40 14
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Hr g 20, 21, 22, 26 @A 5 AR LR . HE W RAMAE ;s Ji'5 29 Il 8. 0 Gty
. B3 AL, AR R R R bR Y R AR ) ] B S AN [R5 R T[] — B[R] Y K AR b
AALE DB A SR T 7, #5608 FWE R KRR RIS HA 9 W, mim/hT ETS FHER)
RAERELCRY) 100 IRAEFD.
2.2.2 RINEHMEERE

HE— 20 G BT AR A 19 A2 UROBC S I R) Y DG 2R B BT L RE I 38 VB K AR 1 4% 2R AR
WA G W 9128 Nl 8 Firs. ETS FHAFFEAR 2 i (Al B [l i fE A VLF SR & A4
ETS 4 K254F 100 kA A DLE SRR R B HIR. DO LR Z Hi 14 /i, ETS 5
1 AR BT — R 2 RIE i, SRk i R, BAERRAT 2 /NIFIH 2. VLF SHF7EE
HIRFEE i AR, MAZAT 2 /NEE H AT VLF —Fp IR0 AR 00 . IR KRR MR, H 2K
KA.

123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
t/h

B8 B MR AT 38 /N & A IR A R 4R TR 1B (2008 4F 5 A 11 H 0 Bf—2008 4= 5 A 12 H 14 B)
Hpar )y DLE g4, Bty ETS g, ik VLF $Ff
Fig. 8 Low frequency event waveform before Wenchuan earthquake (2008-05-11 00:00—2008-05-12 14:00)

Red denotes DLE events, black means ETS events, blue represents VLF events

UeAh . ETS ST F5 4 2 15 2% KA 0 2 UAUAE B0 b R A AT & A7 b L T
2008 454 H 12 H 13— 14 i, PLJ% 2010 4E 3 H 23 H 13— 14 KA1 2010 454 A 13 H 13—
14 B (B 9) s RIEATIL A FE G — AR A K 2 WA S, Bk, ETS %5
PR IE AN 2 BRI A . AR R I L R AR = 2 1) 2 26 00 0 b S T DA R e e B
(1) 22 RN 22 55 () J, 3075 BEIR AR R,

DFU 2010-03-23 13:00—14:00 DFU 2010-04-13 13:00—14:00 YZP 2008-04-12 13:00—14:00

1 UD 1 U 1 UD,
I O SRS ([ SO W
—1 —1 —1
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Fig. 9 ETS waveform of other time periods. (a) DFU station; (b) DFU; (¢) YZP
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b
4k

3 S sl

3.1 iFig

IO b 7% Syt A o R B P 33 e R i 7R 22—, BT L Ve 2 2 o R B i B B R
Sk R A A B SR 08 . D R W R Al B 2 1) B 1) 4 B AR B A i T 4% 4 (Hubbard,
Shaw, 2009; HA/NAT, FBEEE, 2008; HA/NAIAE, 2010). KHIAMY GPS LI B, Jo 1 1L B
SO IRARK I TS A b R, HORMER b2l T B KRB LR, G GPS 4 E
WEMESE . 2008 4F 5 H 12 H N RHIE SR 7R KB, 3 1y R = A8 (E K 8RR T
T v ] M A 0B Sl O 45 I H 41, 2008). R, BT W R A 1 B S E A R 2R A
S AR B 0 T A 1 B, B 3 B S 2P g i R Wl ETS, VLF f1 DLF 88551450k
Je Tl A RIETREE 15—30 km A5 4. AU 24 BRI A 0 380 i) I A0 et R AR . KRR T
e e 22 [] AT BB 7= A K X3 18 B A T (VILE S 44 A2 8] /0N XSk %) 85 U 4 81 AR T (ETS 2
). K AW B e B o LT 2 LA KRB R 1 VLF 4 i K a7 E . 1R AT RE S H
T IR LI I BT 5% B HE R 2 I 1)

WAL AR A 09 A 5 R E 0 R R 1 AR A O, S [l X ] — AR 1 5 e
Hi DX AN e A AR ). . R R G L XORT H A ETS A 2850, B4t H A
FARAMRNEAETR K, BALH GPS W H]. H A /) R84 e 0 T W2
I X, TR 0T R M X ETS 58 v 3 4 ORI 100 km. JLA H AR @A 15 £
LFECH — (IR 4t 52) F1 ETS S/, R A 10 s A AR VLE #8052 (Tro,
Obara, 2006), FrLA H A1) ETS 4 4 1) A& A= AT LU 5 A 2 DB FIORE i 2 7 72 b e W
FH T2 BT U048 5h AU T A% 7 AR ML B OR R, (EAE R Rl M X BR T ETS S48k, 21k
KW VLF 8% LFE FF, 3f B HEE AL 1060 km, 43472, B TS A GE 52 BibL
PRAHA IS 1 iR B (Wech et al, 2009).

XF b A0 SCHR . w25 TA Dy e 1] L B 2 ] LA AR S 1 5 B AR ETS SE R A AL
Ab. ARAT ML FRAE K ETS Fo 4 B R B, 8 fEA AR VLF #2551, IF BB Rew
R, RURVRIE 1830 km £35S . G, A8 AT LA B9 V) 7% 8R4 0 8% 7 4
M PLIOR B, G 2RAT B U) I GPS WL Bk, A Ay BRI 4 77 A i AL BRE A T 5 i 5 2
R i B 01| b R T S I b 2 1 B 5 I 2 A KRR TR AR R Ty I 2 —.

3.2 #ig

TRASTAT 1R TUSSAR AT S5 78 14 J R 000 56 R 43 A RRAE . 25 G DO Ms8. 0 MR & R i) 3t
ARG LR 4518

1) O] M 52 A0 A7 AE B AR R . 32 0 5% 20 WA 4y ETS (IR A5 7% 818 #5 =R
O F VLF GEARS R F ) . 84 DLFCRAR S ). 52T 12 /NeF ETS F 48 1) & A 50
BT — R B3, i KRR R VLF —fEsk, Hd DLF R0 Pk,

2) ETS S5 g4 5 KRR AR LG . FLAFZEIE (] | 45038 30 [ A g5 R O YR 6. i g
RS A DL M7 2552 ETS Al DLF BiZS 35 F & A AE £ 002 09 A B, 50807 1
U G, I BARS R 5 R AR MR 1 kAR B AN EE G RO IR S 1) A 25 S AT LR
FEEN KR RZ H sk, Sy 2 fid 2 LSR8 BIF 5 4 448 T A AR 0
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