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Abstract: The northeastern margin of the Qinghai- Tibetan plateau is an earthquake— prone zone,
where some Ms=8.0 strong earthquakes have had serious consequences, for example, the 1920 Hai-
yuan earthquake of magnitude 8.5 resulted in more than 220 000 deaths. The Minxian—Zhangxian
Mi6.6 earthquake of 2013, which occurred in the northeastern margin of the Qinghai—Tibetan pla-
teau, broke about ten years of seismic quiescence (Ms=6.0) since the Minle earthquake of 2003. The
significance of the M:6.6 earthquake and the earthquake tendency has attracted a great deal of atten-
tion, because many seismologists believe that the seismic risk in this area increased after the Wench-
uan earthquake of 2008. The Benioff strain energy is a physical quantity that can be used to describe
seismic activity, and it contains information on the frequency and strength of earthquakes in a given

region. Some research on Benioff strain energy has been done to obtain a law for seismic activity. In

W A #8:2013-10-20

ESM A 2013 45 B REF £ (2013020105) ;2012 4 £ AT RIFEW B (XH12051Y) ; H184 TERMBHARRES (MatlabZE T
Hi B WAFH R RN )

TEER T BRBR(1981-), B, B, TENFEF BT 55 PR,



738 B T I

# 2013 4F

this article, we calculate the Benioff strain energy of Ms=6.0 earthquakes in the northeastern margin

of the Qinghai— Tibetan plateau, and analyze the periodic characteristics of Ms=6.0 strong earth-

quakes from 1875 to 2013 using the Morlet wavelet method, The results show that there were several

main periods of activity, which are about 2 to 3 years, 8 to 10 years, and 25 to 30 years, and the first

two periods were determined after the significance test was made, From the Benioff strain energy, the

frequency of strong earthquakes in the northeastern margin of the Qinghai—Tibetan plateau has been

normal since 1977, but the strength is relatively low. Using the effective earthquake case, this paper

also discusses the background of the Minxian—Zhangxian Ms6.6 earthquake and estimates the post—

earthquake trend by analyzing the relationship between the probability of earthquake occurrence and

the leaving time. The results show that there is a fairly large risk of a Ms = 7.0 earthquake in this re-

gion. The probability of earthquake occurrence has significantly increased since the Gonghe Ms7.0
earthquake of 1990, and it will reach 1.00 by the end of 2015. In summary, the Minxian-Zhangxian
Ms6.6 earthquake displays the risk of a strong earthquake in the northeastern margin of the Qinghai~

Tibetan plateau and may be an inflection point for the strength of seismic activity in this region. The

primary results in this paper have a reference value for seismic research.
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Ms6.6 earthquake; activity trend of strong earthquakes

0 3l&
EREERICEET S RS S5RE ik,
PR R B RTC X, K332 B H R R AW A R T A
BER, KB T —RINENBIINIVEGE R  EREE
BERRBENBRZ —, Y RE IBT9FEHNRE .04,
1920 T EEBHES SR 12T HA iR 8.0/ E LR AE "
9. 2008 FEUN 8.0 FMIB AL ST, P EKILTIR L H R
& R AGE & A T WL A, 112008458 A 21 H ZFE AL
L5948 H25 BB AN 6.84¢ .11 A 10 H FGIEFR
6.3 R EFERE , (HEADUIRX LT E RS IR ARG X
YRR 2003 4F 10 A 25 H H R K-1L71 6.1 B
DASEA) 6 b B HIRAS , B 2013457 A 22 H HlIR &
B E 6.6 St BHRA AT T X KIEHEZ AR FEIR
Ao HMIREEE 6.6 RMBEREIFEE A X H AR —
HHURTEERS, BV HL R € 5O R
WRESRA —ENAHSER Y, XE MFE
BEPTIEELY, ACLERERARIG N R E R
R EEEY, F Morlet /MBI A BRSE T X 3 1875~2013
2 8] M=6.0 31 BVE S B ALFFAE , 3 — B HITIR &
66 R BEHFBAERILGX IR EEE.

1 HRHBAREHE
1.1 HRRBERM

Z5 SCHIF AT B 2 2008 451501 M BB R X 2L Jb . 2008 4E
e 63 NMBEX UARNTFREFAIL S X (E98°~

107°,N32°~40°) ,iZ X 7E 2013 IR E i B 6.6 BHB 2 H
3T KR 6 RIBEEIRTS

100°00" 102°00" 104°00° 106°00

g T T T® ]
oo ) ,,. 4
L 2 - e
. Y B
,. - . T ',‘“ St kr,
SCH SR ) S e . v
° 2 .
. . ~ N
36°00 | - =
- . I
. L - :
L P AR P SEREN ® B
L. ee @, Y Y
S vk ..i». ® ::9
T ~ 1 @ 2079
P 1 L | @ soes

B1 FRBHRALKISTOFARMS60RELSHE
Fig.1 Distribution of earthquakes with M:>6.0 in the northeastern mar-
gin of the Qinghai-Tibetan plateau since 1870

B 1 )2 1870 R LIRF S R AR AL M=6.0 BB
SR, B 2 R TC 200 R LR Z X M=6.0MT ], HEE 7]
WMEH 1I8704FFIF 6 AU LRI BHFAEH BN E
5o R SR HROA TR, HSEHEE R
BB b, X H B H RS B MBI AHSE AT, AR SCE B 1875~
2013 SE BB RIOR T B R AR b % M=6.0 b IE B



358 F4H PHRE: FREIFARIE M=6.0 BB IESHHE IR R HB5 739

FFAE

BB fm e e s S

BRM

Z B e e e

B.5 b oo .

Ll o de o f

s v ool et bt
200 400 600 800 1000

L I
1200 1400 1600

BEUVES

B2 F#HAHRERIE M6

03 E M-TH (200-2012)

Fig.2 M-Tchart of earthquakes with M:=6.0 in the northeastern margin of Qinghai-Tibetan plateau(200-2012)

Benioff N 28 RE & X M B E MBE E IR E MG AR
B, B RIS ST R, WE R R
BREHEEAR LeE=15M+11.8 Kl B HBEERE , RE
PASE SRR B] , VR — 8 I B) P i X S A st AR, 3
SR 223X Benioff 38 BRI IR ZRAL":
fO)= Y107 (1)
12 SHHE
INBEAIHT R — TSR 1 BS54 TR, o Morle
AN R — b o T LA I B 1B P51 v 45 RO 3R
Wi, BT M TR A% MRSk Y HES &
G, Morlet /NMEANERFIEIER M, MEHEEH
Gauss P75, HRBFIL BN
Py =m"e™ e (2)
KAt HEE]; 0, ERENFE, X o,=6 B, /MNERE
sEHEREMNFEY rEAME(T=1.03)" FURETRS
JEARBT AT IM B, B P A Morlet /)N 75 B [8] 55 43
W RFZ EE ERTH T, o, Morlet/NEHIE
BEEEZNRIGEE ,/NERTT LK IE fEEHGE
E—A PRz
BRUME AR AXA
Wah=lal' Y el )
R, RR I 2 W RER T (SIABERER); b
FEBEF(BEAE ) ; AT RFFIR AL BT £0)
REBERIFS] 5 Wa,b) A/NEREG & AERITFHINT
(el pe , B A/ MEREBOE R, BT LU NE SR R

HhREH.
NI E X R
E..=|W, @[ 4)
RN R E
N
E,=L13|W @b 5)
b=1

RIEA TR R BEEX B B BE B #

VrZ s R YRR R R B B 41 M PR AR (B 7 22 B
& FULZ B3 BT BT RIS ) , BT AR R LR S
YERE RGN/ DS HATRE™, EERTES, SR
B RSN E L «=0.05 B B E KBTI,

2 WREISAPSTREEMENE

FRAE /N ST %ot B i e R AR AL ot X 7B
TE SN S5 Benioff N A BEMEAT T 87, B 564% Benioff N7 ¢
RBAE P IME (B 3(a)) FRHEAL , BB TR EIL RIS R W LLTE
BRBUEMZE R KIS R AR, BAE 15 0 A BE 4R
BE PR8N I, Bk LRSI Rt .
P 3b A AR REATRHE AL B/ DT R, DR BR,
HLMEE, BPEEEL TR, ZELL IRV
TRER /N Th R IR 32 B T R A R, RIS A R
B E AR KA e, HE3bL) AT, H#EEER
b4 M X HhRVE BIFEAE R 2~34E . 8~104E K 25~304E L&
BRI A (B R AR /R BUER ), Ho 25~30 R
BT 1920—1960 FF-2Z (8], B %5 1920 FF 15 8.5 4%
1927 IR 8.0 1947 15 H 7.7 R (1954 £ 1114 7.25



740 WO T B v

2013 4F

% RE704F-RINEKRMBEL, XE—PKEH
BB, WA 8 FABIBAFET 1920—1960 4 Z JA],
T 2530 AMZ A, YA T _F iR 1920—1960 4E 2
6] 7.0 LA b E R BIE S 4 A PSRRI . R P ST
FRYTRIET LI H, 1920—1927 £ A9 U | iR B A
B 8~104E REETE R A, 1947—1954 423K A 7R
Wi R REMRER 1 8~ 10FEREEERE L. M
A 2~3EREMNE AP T 1875—1980 F Z A &
MR IERM B Z o, B8 K B P SE B 4 A2 A B
AlREA 6 F LA LmB R AL,

B 3 () XS/ RE AT a=0.05 7K F BEMAR LY
NBEAIERE , MR &K T BB R (B b R
2R B}, R BT B IR AE S B T o =0.05 /K7
KR EERL, FMNEGTLIE R, & B EERS
BRIk 2~3 4 8~104F , (H 2 25~30 4R 5 K R EE A R A
HREARE ., BHESHT R, e
HAE B S e R A FEEE SRR, WA, B
E4E B RS, 1875—2013 41T 140 4E A K BF 1 R
Rl —> 25~30 AR5 R L, BB B S REAR 4
HE9ARRER T ERERHREET «=0.05 KF2E

3 IREIEE 66 Mt EREERAR ST

RIET R ARG X 1875 FLIEHE B FH
SHT (B 4), W] LUK BZ X 38R 1 s LU T RR A : (1)1875
FEEASILEA 6.0~6.9FHE261K,7.0~TIHKE6IK,

%__‘ 20

S sl

X

B 10}

‘]2‘

sl

5 o £ MA N,
M 1880 1600 1920 1940 1960 1980 2000

He Bl /AR
(a) MIASHEENER
80 : :

oS
I"
L »,
N
7 05
E \
N
‘
4 ‘\

FERAE

A fE) /AR Ay
(b) NEARRE/INEThEIE

TR
BN R /(x107T)
(c) /DNl X B EWRE
B3 H#&E5 R K ILE Benioff B % 48 B #1148

Fig.3  Period spectrum analysis of Benioff strain energy in the
northeartern margin of Qinghai-Tibefan Plateau

8.0~8.9 HAE 3K, A HAEN 1920 F T HIGF .54 K
2L TR KRG 26%, 7T W% X KB R A 6 H AR
H. (2)H1 1885 4 HM R /KME 6.0 SR E 19208 TH
BIRSSHARE, IR 35F , BREL B BE |
1920 48 7 H 18 I 8.5 KB 2 2000 4- 75 Mg 2415 6.6 et
7, TN 80 48, BB W BE M B K AR R B AR 1 Uk 1
F(EPBLR), BT AE R E R ERERR
A0S b [X 30 52 B B 0 58 3 S22 #1328 B Y , 2000 4 2 4 4tb
F— XA B, (3) i — B K BLZ X Pk 8
BB HERTEINS, 18797 A 1 H Hrit#R8.04%
WO TR T ML TR P K 247 R — A5 2 107R  1927
5 F 23 HHMH T 8.0 S #b B E A M T 2R 50 b A2
BRE—A 55 PR, BB F 40 H BT B 7%
B, BT LR 2 F T TR I LB ) T IR A RIBFST

BERM

S

iy
B4 FREBALELISTSHFUALM>60MEM-TH

Figd4 M~-T chart of earthquakes with M:=6.0 in the northeastern

margin of the Qinghai~Tibetan plateau since1875

FIFLAER RS , A 1879 4F RARRS 8.0 B B H
W0, SE BN REBRE N T,T,T,.... T, , 1RYE & B
Bl (AT, =T, ~T) , 3+ B HE 8] 55 % AR ABE R i 5%
RS BT 6 R R R AR AL B A 6 FE
AR AN, 2013 FFUR B3 B 6.6 SUb RIGRAT R B R



H35% F4l

BERRE: FHEFRILG M=60 R BEIFERAREHHE 741

BER N 091, 7HRHBHER 5B #8255 1 KK %
2,1990 FE LT 7.0 S b 2 L 3 7 G b iE B ¥ A+ IEJ 3T 23.5
F,RENBRCZ BTURIT0.9,

1

0.9+

0.8+

0.7

WERATAR/F(x)
o o o o
w E- [4,] o2}

°©
)

0.1

B A R] 4R
(a) M=6.0

HER M5 /F (x)

0o 5 10 15 20 25
B A a4
(b) Ms=7.0
Bs FRHRALEUES SIS L EMELH

Fig.5 Distribution of the elapsed time and earthquake occurrence
probabilities in the northeastern margin of Qinghai- Tibetan
plateau

YA BT RT Benioff [ AE B8 B9 /N4, L EF =
JFARIGH X FE 1977 £ E5HBME X RKKEN, B
SR 19904 LM 7.0 BRI A4 HIZ K MBI R B 48
3t F 1977 LLRT H A 85, L& JF T 2003—2013 4E il K i%

9OTAEMET R A BETARIBEEER 6.6 HE, 7T
W, 1977 4 245 BEF B = R AL E— T IREE S b
Bt, 2008 4ETH 73R MBELRPEKEAIBELET £
WTRUERRE, HIRE RS0 E KA T4
WERERY, AERE R AR B RENRE R
1920 5E ISR —HA FREHERAPRE. HAT7RHMER
i A] B2 A F D5 S, ZE KRR 5 2013 SR IR EL
B 6.6 SUBITH T B E A% 6 B R +4EHF
., TR SRE MK, K R R # T RE R
EAkIRERA X M, IR B B R A T AR R R
BRSBTS shim S A — M85
4 Hit5itie

(1) HFEBRAIE X HMEIEHFEE 245 84F
K25 SER RS, K 2~3 4 8~ 10 REM A#A
i TET a=0.05 KM B EWERR;

(2) 1977 FZ4 MBS E LK KEN, Bits
R SR AR T RIS B, T L35 i R AR L 4
X 30 BN — B A T HIB IS S RIBTEL ;

(3)20134E7 A 2 HIR B H 6.6 R BITH T H
R AR I % 2003 RAR— L FHHIRR DIRIE +4E /Y 6 ¢
BBV, EMREN M=60RELRMER 091,
B BT 7 B BB T A ]I 23.5 48, A T R BT ME, BB
BERE 2T 0.9,

HRE RIS L LR RBIERE R AKE,
{H 30 Z4ELIKIZ X HUE 15 3h AYIR BE AR R BLSS RAS ,
7E 2003—2013 4 R FE T3 R 5R B T, TEIX P it
BIBIEEHI R T, 201347 A 22 HIREE L 6.6 ZHhEXY
T S AT RE TR B % R A BT — e R T
BRI, ¥ Aok iR R TG s HA —E R E Lo
AR T & EHiE B WETRA R 2 M4

R WL AR BRI R AW E AT P
SEREMNGFERY  LRATFREREFHBAK
B, Ao — AT M

£ % Wik (References)

1] EEA, IR, HBR, % b EE S EEARED. F
EHkE . D$8§,2002, 32(12):1020-1030.
Deng Q D, Zhang P Z, Ran Z K, et al. Characteristics of Ac-
tive Tectonics of China[J]. Science in China: Series D , 2002,32
{12):1020-1030.(in Chinese)

[2] EMH, 3R, /MR % I0RERHRE IRt R
KRMTEFHIED. PRI, 2006, 28(3):235-241.
Yuan D Y, He W G, Liu X F, et al. The Characteristics of Seis-

mogenic Structure of Middle—- strong Earthquakes in Recent



742

WwoE T R % #

2013 4F

{31

[4]

(5]

(6]

gl

Year, Gansu Province{J].Northwestern Seismological Journal,
2006, 28(3):235-241.(in Chinese)

KR, BBRR, KER, % FERERNREESSED
HIR(J]. A EAL 2 D, 2003,33 (8 T): 12-20.

Zhang P Z, Deng Q D, Zhang G M, et al. Active Tectonic
Blocks and Strong Earthquakes[J].Science in China: Series D,
2003,33 (Suppl.):12~20.(in Chinese)

BRI 21879 SF AR s R BFT M LB 5 M A, #b
AT, 2013,35(2):311-320.

CAI F Q. New Discovery and Application of Some Historical
Data for the MB. 0 Earthquake in Southern Wudu in 1879[J].
China Earthquake Engineering Journal,2013,35(2):311- 320.
(in Chinese)

T E R, ZETH. R T ST R 2 B B Rk R JLAE R
B BB H(GY/ T BB A AT, I 5t AR,
1998:174-187.

Zhang G M, Li L. Scientific Thinking of Earthquake Trend Pre-
diction and our Country’s Earthquake Trend in the Years to
Come[G]//Earthquake Prediction Study of China. Beijing: Seis-
mological Press, 1998: 174~187.(in Chinese)

TEAEFE, XU, XURERE , 56, B AR U458 AR Bk P =
Sk B LT AT 428, 2000, 20(51):34-37.

FuZ X. Liu ], Liu G P, et al. Three Division Method of Cluster-
ing Strong Earthquake Activity in China’ s Continent and its
Applications[]J]. Earthquake, 2000, 20(51):34-37.(in Chinese)
ISR, MAEAE. 1966-1976 P EURMRM] AL E: iR
HREAE, 1982,

Ma Z ], Fu Z X. Nine Macroquakes of China Between 1966—
1976[M}. Beijing: Seismological Press, 1982.(in Chinese)

(8] XU/NR, #8553, 1SRN, 4. 5 AR AL AR X s A A A 1

19

[10]

(1]

12]

SR E B IENJ]. LR AR, 2011, 33(2):130-136.
Liu X F, Mei X P, Feng J G, et al. Quantitative Estimating Ba-
sic State of Seismicity in Northern Region of Qinghai—Xizang
Plateau[J].Northwestern Seismological Journal, 2011,33(2):
130-136.(in Chinese)
BB, R, T, % FiIEE RANE R U £t
H e [T]. R AR, 2010, 22(3):7-15.
TuHW, L ZM, Li W Q, et al. Completeness Analysis on
Earthquake Catalgues in Qinghai and Its Neighboring Areas
[J]. Plateau Earthquake Research, 2010, 22(3):7-15. (in Chi-
nese)
Mogi K. Active Periods in the World’ s Chief Seismic Belts
[J]. Tectonophysics, 1974,22(3~4):265-282.
RITT, XS R AR M. AL B AR AL, 1991,
Fu S F, Liu B C. Seismology Course[M]. Beijing: Seismology
Seismological Press, 1991.(in Chinese)
RIGV, Froksg, i, B 2R A B R HREESE
HIRRELT]. MbERYH2EIR, , 2013,56(6):1868-1876.
Song ZP, Yin J Y, Xue Y, et al. The Global and Subzone Pe-
riod Characteristics for Large Earthquakes{]].Chinese J.Geo-

(13]

[14]

[15]

(16]

[17]

(18]

(19]

[20]

[21]

[22]

phys,2013,56(6):1868-1876.(in Chinese)
BRMERL, RHE B, XIEM, & P E XM EESINERE
SRR MRS, 2004, 26(1): 102-105.

Shao H C, Du C E, Liu Z H, et al. Multi-scale Analysis of
Earthquake Activity in Chinese Mainland[J]. Acta Seismolog-
ical Sinica,2004 .26(1):102-105.(in Chinese )

RGN, &, T, % /NEUERIERT IO BTk 47

FR R4 R FRT]. P L MR , 2004, 20(1) : 31-38.

Song Z P, Wu A X, Wang M, et al. Application of Wavelet
Transform to Analyze Digital Data of Precursors{]]. Earth-
quake Research in China, 2004,20(1) : 31-38.(in Chinese)

Xk, e, X2GK, B SRR F IR

YR, 1995,38(2):158-162.

Liu TZ, Rong P P, Liu S D, et al. The Wavelet Analysis of cli-
mate Change[J]. Chinese J.Geophys, 1995,38(2):158-162. (in
Chinese)

BFE, ROOR. EuG KPR T EETFEREN RS
[J]-HLER B 2R, 2010, 53(4): 904-911.

Bai C H, Xv W Y. Multi~decadal to Centennial Secular Vari-
ation of the Main Geomagnetic Field[J]. Chinese J Geophygs,
2010, 53(4): 904-911.(in Chinese)

Torrence C, Compo G P. A Practical Guide to Wavelet Analy-
sis[J]. Bulletin of the American Meteorological Society,

1998,79(1): 61-78.

Torrence C, Compo G P. Interdecadal Changes in the ENSO—
monsoon System([J]. J Climate,1999, 12: 2679-2690.

Grinsted A, ] C Moore, S Jevrejeva. Application of the Cross
Wavelet Transform and Wavelet Coherence to Geophysical
Time Series[J]. Nonlinear Processes Geophys, 2004, 11:561—

566.

BEE, WL, R R, T L SEHIEAE ARE SESIA
FUIFTEE[T]. HERYIEREEAR, 2004 , 47(5) : 867-875.

Gao ] H, Man W S, Chen S M. Recognition of Signal from Col-
ored Noise Background in Generalized S—transformation Do-
main[J]. Chinese J Geophys, 2004, 47(5) : 867-875.(in Chi-
nese)

Bar B, E B, TR/NE B RS R AR R S
B 5 v B Rt X R B R 6 R AFSE)) PLbR
#, 2001, 23(3):243-249.

Yang L M, Xiao L Z, Zhang X M, et al. Study on Seismicity
Character of Northeastern Margin of the Qinghai—Tibetan Pla-
teau and Relationship between it and Seismicity of Continent
of China[J].Northwestern Seismological Journal, 2001, 23(3):
243-249.(in Chinese)

WM, BT I, AW BT R TR AT SR )] R B

SR, 2006, 21(1):18-24.

Dai Z Y, Chen Y W, Fu R 5, et al. The Study of Precursory
Seismic Quiescence[]]. Progress in Geophysics, 2006, 21(1):
18-24.(in Chinese)



