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On monitoring precursors of major earthquakes
with dense network of borehole strainmeters

Qiu Zehua'

(Institute o f Crustal Dynamics , China Earthquake Administration, Beijing 100085, China)

Abstract; This paper argues that the earthquake precursor research is the basis
for earthquake prediction. Objects of the precursor research are individual ca-
ses. The major limitation on the earthquake precursor study comes from insuffi-
cient observation cases. Since high potential of major earthquake occurrence still
exists along the southwestern Longmenshan fault zone, now it is due time to es-
tablish a dense network with four-gauge borehole strainmeters (FGBS) over the
area. FGBS is a Chinese invention and has already been compared to seismome-
ters. In the earthquake precursor research, FGBS has advantage both in theory
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and in practice. We think that an FGBS site should be built in the site with
stress concentration. Successful establishment of an observation site depends on
good condition of the borehole location and right installation of the instrument.
The key point of observation with an FGBS is self-consistency of the data from
the four gauges. It is unnecessary to pursue the deep borehole strain observa-

tion and to conduct absolute stress measurements in order to build a site of FG-

BS.

Key words: earthquake prediction; earthquake precursor; borehole strainmeter;

dense network; case study
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Geller et al, 1997; Jordan ezal, 2011). WP XA F 2 B, 204 E, HE B
F14) 55 A4 JEL it 2 T b 2 T ok 00 Ml 7R L [ b R R A ST b R T IR B R R AR T X A R
B O R MR O AR P R M AR IR, R S IRATTAR B A A A5 e Bl
0l 52 205U M AR BT IR AR T A CT W45 . 19815 IREAE . 2010a). A MR AT, = M
MR TIZ K, TAZAK.

KA . 5= R IR Ty a9 B S8 AR e (T Bk 1, X O I E AL T A — A HAs, B
FR B il 2 VU I R U A e R R MR R IR . (HOCHE R R R R R B T R
T BRJE XS GE T 0 SR R AORE. R R S b TE M R AT IR T U, R Hh R 4 AR A
RVEFN L E Y B R A AT BB T St R BR PR, FRATT T Y O 0 R Y
BIJR”, AT BE I Al S 17 B T AR SRR R b AR A ] L b R RO SR S, CJH B
IS, AR R S TR, b R A AT EAEA, &8
TS 1Y B R

75 52 BT IR ST U, S A B 7 12 2 S o0 A U0 R R RR A T R k. MR
HIIEWF TSR RJe — DRG], MR RTIE MM & . S B2 A2 WL, H A b 5= mi Jk
WFIE 2 BN S R PR ] R WIS J2 . S b D30 XS SR UL P AN . PRt FRATT
A JE B o R N NS SR AL AL AR SR R A 580 R A UL 2 Z5UAT 1
O s B TR A R K b 7R K AR b Y HE

2008 4 5 H 12 HII Ms8. 0 B A& A Wan 1 e 1T il W 28405 i 2 AR5 s v, sl
MR . PRIZ 24 (2013) M X b AR A 3 . ARG S Ve . HbRR AR BRI 7 & IX LA M AR R T
SRR AT, SR T ORIl W RO VY B B R %N AR TE R A My 6. T—T7. 3 HER G



740 i = 2 Bl 36 &

B PERI AT, 2013 4F 4 A 20 Hy 1l Ms7. 0 MR A A A IR TS5 THAg IE k. R
MR FTINHRR G . BRIZ 2855 (201 AR P Bk — AP 9 70 A 25 SRR W] ™ 1l M 72 9 4 A2 OF B0
B MG R 1) 1L W B PG R B R SR, b BRI AR TE R A My 7. 2—T7.3 M
TR AESE IR TE I 5 00 25 T 5 of 3 F AT 195 7 R A I P DX 3 M .

e [ R 147 1) b 72 T AR 52 B, X M R Rh 2 A — S SE R R DR AR TR
T LRI B A IF HAC 3 — 2 RGEHTIE . R T — LT IR RS RCR. B
WO R+ TR SR AR b S A AR B AL A LI R B e, B SR AR S I MO, M R
SO FRATE A XA BOBAR ML TH RSB BRiz 48 55 (2013) X5 2 I R RO BFFE 45 2R . B i
AR T — A BAREY B bR FRATT %A S I AL A e 1) L DB 2R 7Y e B A S A Y
FL A2 L ).

AR SORF 5 A B AL AR WL X — 6 B A A G )R T e

1 FEX kR F R EETTE

Bl FL I A2 AN 455 4k 2l L I A8 SO 4l L AR B A% X (Sacks, Evertson, 1971; B FHAH
BB, 19775 JRMEZ, 1982 b R 4, 2009). & [E M AR B FOULI (plate boundary observa-
tory, fAii'5 y PBOYILH , @K T 80 443 2UAGFL I AS WM 25, DAk . 43 it 2UAh LI
ARSI . A AT DL S M R AR GPS A IR i 5T s sh i Bt SEBR b, GPS Fi
b 7 ASCUL Iy 2 R — A A B BT ] % A5 ko T P 4 5 B L R AR {SOURIN £ 2 i — s A 1 28
V) 3 50 Bt I 0 20 Ak s ECAR L A £ IS 53 A0 1 00 ) T B TG T AR L AL ety L A O S A B
(] 22 46 F 43 e, b GPS WL 2= 88 1—2 AN g, HOWLIN A 7 76 4 J8 I — i bbb 52
NE S £

W b 7% T I 5 A0, L R AR O8I B 4 E 18 M 7E (Sacks ez al, 1978; Linde et al,
1996) . [al 52 1 J1 il % (ERFEAE, AWEEE. 2004) . ZBi(Johnston ez al, 2006) . HuEK [ i #E
P (IR S, 2007 A5, 2007) R AR I (BREAE . MR, 2013) 45 22 Jy 1 (9 F 55
AR BRMER, B OB D AR 1 iR

ZEDU SRR BT b, 3R E LA RHIE A 51 8 & BRI 58 32 43 dik 248 L I g - Iz A8 08 I 4%
£ T ARG 53 1 (BRFAARL S, 1977 W SL 7. 19775 JRfE 2, 1977 RKBHAH R, 5K 550,
1988; LM HESE, 1989; PRUCR . M 1IEM(5 . 1990; EREE4ESE, 2005a, by Wil B 45, 2009).
4k T [ T U BIF 2% o R LR A8 I B AR 22 f5 s RS R H AR 2R A7 T 2 A0 00 R
% (Gladwin, 1984 ; Ishii, 2001). DL YRY-4 % PU4r i G LI A8 AR A0 32 . 6 A 0 42
AR H T A% A 0 S B PR AT T A T U, TR S b — EAL TS 6 (b I R 4E L 2009).
Qiu 45 (2013a) R G5 [ A v [ DY 43 5 FL N A8 UL B 38 19 SCFEAE Jowrnal of Geophysical

DU 3 At FLSE AR AR BE IR B DY 43 e B P . X R — AN AR H I A BT,
A RL. BT AR B 05, AR T 6000 5 8 A o] Sk 14T ARG 0 T RE. LN AR
M T BG5S AR A R R A BB T (H o H A BRI AL, bR B IRATME LIS
.G g3 L AR AR T AR ALY B R D RE . AR AT b A T3 M

R 5 B L ROz A5 L ) BEGR ASE TR L YA A3 R OUIE S S Sos Sy ZIAEAE B TA TR



44 ERPEAE . 56T T AR B ALV 22 5 0 W 00 54 52 T IR 4 T ) 741

(482, 1977; Qiu et al, 2013a), B
Sl+53:SZ+S4. (1)

WL KA A 6 2 B Ty R RO AT S . R AR AT SR, 2 i LA YRY-4 B Py 4y Bl £L R A2 X
BURE T S WP R TR st PR D 32 A5 19 SO 00 6 9 44 22 i A 9 T

[l JB Ly Sz AT AR H s Rk B E ORI A0 A A 5 L 5 AR 114 T 3 A . L 2 X
MEAR BT AT [FIRRRE AT T e S Bk R 2 i S . H AT BRI i 2, L 2
g B LR AR LI A5 77 2 e o R A UL B R 2 RO RHUE N B Tk R R
Kol . BUR 2 1 QB PRI BCR

2 BRI ERNFR

1] 11 Al L 728 LI e ) e DAt 7 T Sy A ) (R 4R, 2010b). [H O e Bk 2 T
VEE 3 Ay b2 2 7 v (N g ONE 72 ) A2 b 3 1T J2 52 3 BT S B0, i LAOWLI .
V728 ) A2 A o FT 0 3t 7 14 A 2 A ol T . T 30t 7 BE AN RE 0N 19 M) AL . (02 88 b o i
e B AR A )L X LSO 2 BEAE [ 7 A 2T S L I A 2R £ ) AL 20T R T
TENLIN b Pl 8 A AR AR . 02 —Se A SR Mo AR U I S A SR L A A, SRR, Bk
Tk S8 UL F) b 7 R IR AN S A AT 5

RS ARl FLRE 0 AR B AL EAE WL o DR O A7 E — BEHOR b BB . ISR R R AR (B
20— HRC0O FBA 5 BOOLi . B L7 i i %080 XE LU T B2 20 B . AR 22 B i 1 M = ik
S A DR T L T8 1 A B B TR, R M R S L S 1R - S 1) A A IR
AR AR AR 28 A 0 S T Y A A YRY -4 80 Y o3 B L B8 ACFE IR Sk FOR B
F18 5 T P A 7 I 1 Al L 8 UL 7 -
132053 T, R R P i 70

0(3 (@) BMg8. 0
- 451
W, KA AT SR ORI, R T 2 %
= - —

AT BRI A . 4l 0 5 A2 SO B 7 ~15

L R A LI 3 T R AT A R R R 204 6 8 10 iz 11 16

t/10° min

SEH AR AR QU I KL 25, 2009, 20135 B4R
&5, 20105 Qiu et al, 2013b).

B 1 2h 2008 4E )1l Ms8. 0 H#b 5% il J5
(2006 4£ 12 A -—2009 4E 1 A)HmH A B85 L0 | [ |
A GT T B 0 5 AE A T La 2y T B ' 105 min

AR JE BRI i 26 (Sa) » [ 1b 25 1 T H oy 4 12006 4F 12 12009 4F 1 A#EmHA

2y M (DSa). SEBR b AT Je 1] il Wy L 7 137 45 Ca) (] | BR A%, 2012)

5 VY B S P I . AR O] R R () B O8I B 2201 () i 26

F|— Z B “ il 7 A5 Ak Gl i B 25, 2009), H Fig. 1 Observed plane strain curve (a)
- f iuetal, 2012 d th i

L T R (2 150 km) . BT (da.fichl.L’lela )ari tcfnm.utc

) i U ifferential curve (b) at Guzan station
/N RAFE B 20 ML A BRI during the period from December
AE PR SE . 2012) . Bl L 728 L A 2006 to January 2009

WIEE B R rp I, 2/ AE 300 km LUSP.



742 i = 2 Bl 36 &

2013 AR 1l Ms7. 0 MR RTRCR o i iH & SO N B 2. 25 09 5 22 Ak GBI R 2%, 2013)
UNTEL 2 T o iR R IR R R I MR AR TP R 1 B il (2 70 km). 280 4 TR A FTEA T
A T FE TR W], X i 5 AR AN SR AT AT B 0T I R . W 320 R AT IR (Qiu et
al, 2013b).

_ —a0F
g
=
&
B
= Ll\,,
z

—a.15F

1 1 1 1 1 1 1 1 1 1 1 1 1 1
04-11 04-13 0415 04-17 04-19 04-21 04-23 04-25

H 1
B 2 fH& 2013 4F 4 H 11-—25 H [ g 25 00 il <&

Fig. 2 Observed plane strain curve at Guzan station during 11—25, April 2013
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Fig. 3 Borehole strain observation sites of the precursor network

Circles represent bOdy strain observalions, triangles denote component strain observations
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