M 3 h &

2016 &£ HF61% F 458 409 ~ 414

Sciencel 254 Bl RIiG AR R FUARIZECI)

Whether earthquake precursors help for prediction do exist?

@(Hﬂﬂ%) Jeiiil

SCIENCE CHINA PRESS

NS B TPtk it e Je Ik ik

L

v ] b AR R USRI ST T, MbAR Bl ) 2 I K S SR %, dbat 100029

E-mail: majin@ies.ac.cn

2015-11-04 Yk, 2015-11-25 &7, 2015-11-26 $5Z, 2016-01-18 FIZE i & 32

5 [ RBL5E 42 (41172180, 41572181) % |

Tz

RERFAHY THRBOHELNR? EHAAREZUNREAHRRAGHERR, CRENEA - HER

Pty A2 2, MR RN ALRN. FRAEKBRZAMNE, MAFE, URHMELKEEEZE R AR RMESE
WIRHES, REMERBHBEETRER. HRZ -V FAE, BHEATR A BEREZENTARN &N, &
BHN—NFTHGERNE, FEFRERLECTTHE. BRXANANBEGHERLEAE X R

Kgtial MRSk, TRBRME, '

1 [ H N

F 8 Science A% AE AN T 125 JH 4F Z Pritt )& B A7
TEAG B T 154 0 M 52 e IR 3 b 1254 B BBk 1 A
2] — . [a] ) B RE T T M R R S R TR Y
i, TR MR B AL BT R A M AR S IR X
TR, R 5 WA 1240 1k Rk % 12
JB A, TR U SR R A R KR R
T 0 Bk 27 M At S MR IR A7, 76 AS BE ME B T 10 1%
BT, Ui RN AR 2 s B 2k

KiEJaH TRARAR, RHeRWEETRE
R, JFRE T KR A T U Ak S g R
WTRZmik”, T —i LRI SR>
R, RE AT SFRX L FiIR " 5. el
BIEYIHL Ab2r s A S AR A, AR AR R, MR
BN S, Hb K | BRI as Soh AR A 1 AR L
TR R O R AR, RE, ST R R
1 Hb RE 3 Sl EE A

2 BAAREFIAMLIE IR A
TS 2 S5 A7 A6 AT B T WU M A SRR e S

S, WREA SRR AL ARAELE, &
MR —A d g AR R P B AR, B ARBRA ST
JeWg? BRAR L, Nt A=A B wIRATH AT ?
Hh R AT — SO R IR B BT, 13 545 v [
RSEPRIE O, LR L7 #4720 B

2.1 WIS S 5 MR G AR M —PEAS BT £1
Wik

TE201HE 22 8OAFEAR S5 1, 1] B b 7% 27 5 b 3k P 1
YA 2 IASPED) B U HUB N & R S d# L T
— APEAG AT IR A AT PR . A SR AR U
B R AR S5 R LAAR & 0 A0 56 & A e A4 35
P2 W PERT IR IO, ] 19944F  WEi% 2 Bl 2P
40T IR, 31T R AL, HAA SHH A AR = XY
AUJE. 19974F 1) 45 v 18 Y <P — S g 48 o i T JE
L 45 5 B b IR A6 1 B e T P L i R 2 ()
o] bt 22, <R SR Z MR E KR, F
HEARE R IR 185 S R BEARAS B A 25 . 1E
HIN KN — K MR 2B & SR T I 7E b X M
o A L R 18 4518 . A B8R DL ROIR S S5
FOmiAR Ak, TR & AR IR WA A AL R fE X

N972015-01239

SIRER: HSE R B T HURA ARSI SR, BRE iR, 2016, 61: 409-414
Ma J. On “whether earthquake precursors help for prediction do exist” (in Chinese). Chin Sci Bull, 2016, 61: 409-414, doi: 10.1360/

© 2016 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




4% % B #& 2016428 £61% £45#

eIk B Bl BAT 2 RO AEA 2, MR

22 GNERIEGRE, BATRINSCHIS

19764F 3 111 i 55 i b 7% Jo 45 LAY 4 [ 5 ol AT
2604, LI H AL R . MR . B, M
AR . MR 7. MR AARSE. AP R X A v
%, 304050, EEE LT RA T, BER . iE
PEAIZERE & JLAPY. i HX 28 5 5 &R 2 1E 19664E T &
MR E LY, AR MR M FE AT AR L 1 A5, 20084F
POV HZRE, 16 shPERsRay L&A T I, Sk,

2.3 AR5 W R Y R R HR A R AN AT

i 52 7 Sl B A R R 6 B ), R B R 8 A
B g, FIRANLIC S TG 1k 4 T Sz ke dth 7R A A O
¥ AR TG R 0%, 3 0 R 2 AR TR 43 AT A ST 7E R AR —
UL JUAE— A I B LA . 20122 704E1C ) 301,
Hi RSN T SR A AT R T BRI R 0~20 Hzl]. 2% 18 4 1 AR
T 55 PR ) 18 78 T2 (M 5% ) i WL 76 450 % I A7 FEAR K
25 B LI A ) 4 o 45 T 28 B G 4, R R AT T
R T T O . T 2 0 AR I ) 5 30 32 ¥ vh R R —
WHEHE, VRBVNGHE . A 8iE, DiEFME. GPS
NI A ot A AR A . AR LI A B bk
#)5~400 HZ"'. 20120 704 A AR IE 7776 NS 5l
IS AR, MR IC SR B B, RS
HoA. 21120 A0 LI 1) M 52 A7 AE T | A2 W (tremor)
DL RRTUR % SR B G, R 18 H i AR T 5 P R
B 56 T — JRE AR 2, AR R T AT S 5 ) R
FEARUR TR | RS PG I 2 TR i A g
ARy A SR AT A B A T, R AT
I 1) b 6 R b 7 Ml A R — e L R 2K A
A, MR NTE10Y He A 4. HRBR, M
() e 2 E AN R B an el o3 A, FRAT] T ff i AR /.

2.4 HURIEIRSG TR RN 4k

PR R 10, 721 L 58 0 5 9 AT
AR IV I AR (LSBT £ A DR 2 B 6
B, PR EIE R 2 MR R M . I A
S, TR RIRIAR, E A AL R
Bl — MRS, Foh 2z —, AR,
T S S R AR T T2 2
TR 4 A R RAE SRR b T PR A, oo
RS T 06 S 7 B A R 3 £ i 4

410

e AR

3 OSSR EAEAME - RRNT
F?

3.1 HURERAN )RR

MR — 1y R, SR BB ) e R
I M 0T T A ) 3 AR 7
LT {8 PSR AT A, 5501
XUHIFE ) FHEAT, B (o) B 8, i (o))
SR F I IR, WIS - R, AT
SRR LRSS RIS RS AFR A (4
) (b)), T4 3 B - T L i 2
L OB M) W 157 13 15 (B FE 0 R0 P
(BYSMHI. AP, AERAASEE, WAL T3 b
BB, RIS, AL L AR B
BT TIRBS AR B, SN, — RRSPRIE S
BMIAL, 55— FB 4R LA OB AL, T 400
BETEML: HEATE R BB, I/ E 224 T LA R
LR TG B, AN O LA 2
(0 REBOK . Y, BB B, T
ATHEA FI SN AL BB BRI R IEHE A, 472
A RERCR A A TS M SRR, e e

WU R IR BB R, 5 48— ARSI
0 5 R R AELJ RS R AT 0§ T 2
Mo FEAE R . IR A0 TR S 101
D B IR A TR AT AR, RS A
FER Tl G 22 k. T3 A7 A S T
U E 9 3 AT I 77 . 0 S 2 A B 4 4
B OB T MR R AT R IR LM
WY AL LR A0 O FU 5 R
SR, TS A2 T — 9, TiAT
AL 09 B SRS A AR

3.2 PUMNE RS AR iyl GEvE Ko f) 2085

WA AR B B T 5 B2 A BR A3 (O) MR AR R (B) Z
[, S I T ph B SR by T2 5 78 D IR 3 Y SC R BT B
R AR S 1) R R i R A B B 1Y) R AR LT 43
T B0 P T 7 2850 0L AR T I B A1 i 300 ) A 8 785 N A
W B, EATZ B E TS N (A), ME S ILE1(Db).
A BT J2 14 30410 A5 (T 1)) Iz 7 B B[] £ 22 £k (]
L) AT LA B, AR ZS B BL(LM) A [R) BB A 14 1z 2



S
o

ZRN 7o, o (MPa)
N
[¢2)

N
o

0 100 200 300 400 500 600 700

678 (s)
27.90

N
N
o)
o

ZN o -0, (MPa)
N
~
o
<

690 695 700

6918 (s)

680 685

BT R FIRIZE (10°)

0 100 200 300 400 500 600 700
iia (s)

B 1 KB P 22 0 - I TRLE AR () BASTE B B30 53 (b) A (a) PETHE 7 I BERTRIOR; (¢) WRZZAE #8072 (d) HITZAN A1 1 5
BRI R AEA. FREFROROCHARIEN Z, L, B4 M, JEIITAR G N, BB O, SREEMER & A, HERS I SR A, B, RTaA

Figure 1

Differential stress versus time during a stick-slip event (a) and division of deformation stages. (b) Enlarged temporal stage marked by red

box in (a). (c) Fault structure and loading way. (d) Strain variations with time at measurements sites along the fault. Letters are crucial times of defor-
mation. L, beginning point; M, yield point; N, intensive yield point; O, limit strength point; A, turning point from quasi-static to quasi-dynamic release;

B, instability point
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Figure 2 Strain variations at different deformation stages along fault. Warm and cold colors represent strain accumulation (compression) and release
(extension), respectively. From bottom to top are strain changes along fault at crucial times (before M, M, N, O, A, B, and after B)
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On “whether earthquake precursors help for prediction do exist”
MA Jin

State Key Laboratory of Earthquake Dynamics, Institute of Geology, China Earthquake Administration, Beijing 100029, China

Whether earthquake precursors help for prediction do exist? This paper attempts to answer this question from the
mechanism of tectonic deformation. Because an earthquake is sudden slip on a fault, a physical process from slow to fast
should happen prior to its occurrence. Consequently, observable precursors should appear before earthquakes. Whereas,
to detect such precursors remains a difficult task. In addition to some limitations of the effort, such as observational
instruments, deployment of measurement sites, and complicated relations between the precursor and main shock, it is an
important step whether the crucial temporal stage can be recognized. An earthquake is a mechanical process. From the
differential stress-time process, the deformation of the seismogenic fault should have four states, i.e. stability,
meta-stability, meta-instability, and instability. In the stability and meta-stability stages, when the external force is
removed, the strain of the fault can be recovered to some extent. As the causative fault enters the meta-instability stage, it
is just the deformation stage dominated by release behind the stress peak strength. After this moment, even if no external
force is loaded, the fault has entered an evolutional stage of self-instability, i.e. an irreversible deformation stage,
indicating the seismic event is bound to occur. Thus, this stage has a relation of uniqueness with the burst of the
earthquake.

earthquake precursor, meta-instability stage, uniqueness
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