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EARTHQUAKE LoCATION ALGORITHM
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Abstract：％e seismic sequence of凼e^为．9 Yumen ea汕qual【e 0n Dec．14，2002，are reloc8ted璐ing
出e double—din．erence e枷lquake location 8190ri出m． On tllis base tlle generating f．auh aIld mech肌i蛐a∞
discussed．

Key啪rds：Dollble·m脏re眦e明rthqual【e lo姐缸蚰algorith】毗；肘5．9 Yum明魄rmq豫ke；Qm嘲-
tiIlg fault；Seismic m∞ha妇

O Introduction

An eanllquake 0f慨=5．9 on DeceIllber 14，2002，occu玎ed in Yumen c畸，G蹦咀pmvince，ClIina．既e
event is tlle largest one in continem of China in 2002．It is unsure and exiSt di珏．erentunde蝴d to tlle g朗e硪ting
fault and tlle seismic mechaIlism of tllis eaIthquake．The intensit)r distIibuting舶m field investig撕on，me出er．

Shock distributing(Fig．1)，aIld tlle source mechanism(Tab．1)are disaccord apparendy(DONG zhi．ping et a1．，

2003)o 4。．It i8 a helpfm metllod usillg山e aftershock di8tribution having more accurate kation8 to determine t王le

generating f＆ult and tlle seismic mech8Ilism of an eardlquake．

★∞cro cpicc小r_令Ⅱicro cpicⅢcr、ⅢiVc rnuIt

●：，“Ⅲj-inIonsj l，I jm·

o^crjin fnuI‘ Qrinto s洲th mnIojn nuIl o．1iayuguan nuII

④xi呻inpu‰‘110Y帅rn h¨II④I‰xia Dilh崎I俐faultoa眦n鲫IHun

(a)Intensity di8b曲ution

longinIdc(。)

Fig．1 Distribution of intensity and aftershocks of Yumen』l巧．9 eaIthquake．
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(1)如m D帆g孙ipiIIg et a1．2003； (2)丘锄Ge010舀cal SuⅣey 0fAm耐c&

F．Waldll跚ser(2000)HJ has devel叩ed a new me山od(tlle double-di虢rence eartllquake location algo—

ritllm)￡o relocate tlle earI】1quake including tlle events bot}l in very large re舀on明d tIle te耐torial 8rea． F．

Waldhau∞r h鹊applied tlle Hlethod to two clusterS of eanhquake located on t王le nortllem Ha)Mard f．ault，Califor．

1Iia．There it couapses tlIe dif缸∞c础g locations into sharp images of 8eismici哆and reVeal8 horizontal linea一
60ns of hypocenters tllat define the nar刚r regions on tlle fault where s臼陀ss is rele鹊ed by britde f矾ure．YANG

Zhi-】【i跚(2003)usedⅡle me凼od to relocate 6 496 events in middle—westem China，盯ld tlle re8uhs shaw more

fine images of hypocentells．

In tllis paper tIle 8eismic sequence(including t}le main shock aIld the a矗ershocks)of t}Ie且行．9 Yumen

e越lquake on December 14，2002 are relocated using tlIe double—di珏-erence earthquake location algoritllm．

1 Method and data

强e double—di虢rence eanhquake location alg耐tllm developed by F．Waldll叭ser in 2000 is aIl e托ctiVe

metllod for reloc撕ng earthquakes．nis metllod coUigates t}Ie vinues of botll ab曲lute and rel撕Ve locadon．Usjng

t}Ie metllod not oIlly tlle interevent distance between correlated events tllat fo珊a sinde multiplet to me accuracy

of t11e cmss—correlation data caIl be detemined but also tlle detemlined relatiVe locations of otller multiplets alld

llIlcon℃hted events call be consistent t0 tlle accuracy of tlle abS0lute慨Vel-time data试tllout using station correc-

tions．

The t}leory of出e d叭lble—di蜀ference ean}lquake location algorit}lm has been specified in detail by F．

Waldllau跎r孤d not depicted here．We wiu use t}le data of t}le seisIIlic sequence of^巧．9 Yumen eaIthquake on

December 14，2002 in G锄su province，west China．量'or t11e main shock tlle data of botlI tlle digital nemork of

Gansu aIld tlle stations of state base digital network are used．The data矗_om bo出t11e stations mentioned above

蛐d tlle tempomry digital netWork on site which is setIlp af论r t11e Inain shock are used for afkrshocks．The station

di蚰jbution is sh们IrIl黯Fig．2．

ne诚西n catalogs 0f 113 events given by tlle Seismolog—

ical Bureau of Gansu province are sho帆in Fig．1(b)，and
lIave no inf0珊ation of deptll for most eVents．

ne temporary digital network worked fmm DeceIIlber 16

to Decenlber 26． Because 0f geo铲印hical reason t王le station

distribution aIound tlle main shock area is not good． 强e 93

events recorded by more tlIan 4 stations are used fbr reloca—

ted．

The veloci哆Inodel used in relocation of出e source area

is shown as table 2．It is tested time and again in t}le location

usiIlg tlle data of tlIe temporary digital network．

10ngitIlde(。)

Fig．2 Distribution of stations used in Y啪en

ear￡hquake．
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2 Results

2．1 11le pl锄e dis缸曲ution of epicente璐

Fig．3 is tlle啪p shows tlle epicenter 6．om

Ielocation and tlle sketch of main faults．
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Fig．3 Epicenters 6的m relocation跚d tlIe sketch

map of tlle main faults．

The relocated site of tlle main shock is 39．6700N，97．2720E witll deptIl 21．3 km，is consistent诵tll the lo—

cation of macr0一epicenter．It is noticed t}lat tlle epicenter of the main shock is a lime f打￡[om t}Ie original 10ca-

tion．The reason is by aIly possibility tllat we abnegate t}le records which having not very 900d quality in some

stations陆‰m the source area a11d use tlle data wi山di虢rence between tlle跳vel time of P，S phases obtained

by cIDss—con-elation data．

2．2 ．I融e depth distribu廿0n 0f aftershOcks

Fig．4 shows the depth distribution of aftershocks

钺ld tlle genemting faults． In tIle figure出e horizontal

axis is山e distaIlce f而m tIle epicenter t0 tlle location of

970E，39．50N along a line of N 45。E．

2．3 ErrOr 0f rel∞atiOn

ne errorbar oftlIe epicenters衄d d印tll are shoⅥl

in Fig．3 and Fig．4 separately．In Fig．5 tlle distributions

0f enDrs in肋s昀vlel—time(a)，in pl锄e enDr(ERH)

(b)锄d in depm eITor(ERz)(c)are showll．It is to be

∞en t}Iat t}le average 0f RMS，ERH趴d ERZ ar；e a—

Iound O．05 sec．，16m and 23m sep锄tely．
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Fig．4 depth distribution of aftershocks．
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Fig．5 EⅡ．or dist曲utions．
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3 The generating fault and the seismic mechanism of n为．9 Yumen eaIthquake

Fhn field review it is primarily confimled吐lat tlle IIIacIo—epicenter 0f tlle main—shock is located at

39．7。N，97．3。E(Fig．1)，趴d tlle generating fault is tlle Hanxia—Dahuanggou fault．According to t}le results

of reloc砒ed epicenters tlle genemting fault and seismic mechanism are discussed oVer again as fbllows．

3．1 1№ge啦髓咖g faIIlt

F1．om Fig．4 we can see tllat t11e contour line of tlle aftershock distribution in deptll is accordant witll出e

nodal plane A of seismic mechaIlism of main shock． Considering tlle H戚a—Dahuan990u fault to be tlle only
generating f扎h can not interpret tlle location of tlle main shock and tIle aftershock distribution in deptll，we con-

sider tlIat me Yumen f．ault is concemed witlI tlle activitv of the main and tlle after shocks．The Yumen 118ult is dle

ilnportaIlt p砒0f tlle nonllem edge f“lt 0f QiliaIlshall．It is a tllrust fault about 70 km long，strike to 310。，dip to

SW wi山200～600，k屺ated at nortll—east of Hanxia—DalluaJlggou f如1t 10 km away(CHEN Wen—bin et a1．，

1999；CHEN Jie et a1．，1998)．According to nle results of relocation we call coIlsider t11at Yumen fhult extends

iIl dept}l converging witll Hanxia—Dahuanggou fault a11d is concemed toget}ler in seismic eIlergy releasing for tlle

main and afkrshocks．

3．2 GenemtiIlg mechaIli锄
From t}le discussion mentioned above we would obtain the generating mechallism of tlle eamlquake．The aXis

P of generating s吮ss is 2770 or 184。(Tab．1)．The tectonic pressure stress renectedby tlle meehaIlism of great

eartIlquakes amund出e area is NE—SW wit}l predominance direction of 200～50。(CHEN Yong—ming et a1．，

1996)．Ⅵre consider tIlat in tlle action of NEE pressure tlle joined su血ce of Yumen 8Ild Han】【ia—Dahuanggou

f扎lts failed at first occurring tlle main shock witll 2l km deptll，t}len occured aRershocks releasillg residual energy

in tlle northwam fauh plalle舶m tlle main shock．The印read range of出ershocks a10ng tlle fault strike is about

20km，we call eStimate tlle ma鲥tude 0f t}le main shock according to也e equation(GUO zeng-jiaIl et a1．，
1979)

坻=3．3+10醇(km)

ident主cal慨=6．0，comp撕ng witll^毛=5．9 in tlle catalog．

4 Conclusions

(1)ne relocated eaItllquake sequence of慨=5．9 Yumen eanllquake on DeceIIlber 14，2002 using出e

double—di归6erence earthquake location algoritllm has adVanced precision．

(2)Based on t11e results of t11e epicenters，especially the deptlls tlIe generating fault，t}le seismic mecha—

nism is weU interpreted．

(3)7Ihe resultS shows tllat t11e double—dif玷rence earthquake location出ori山m is Very useful for studying
∞fine s七rLIcture of local fault aIld dete珊ining generating fault of moderate—snDng e础lquakes using t王le sp“al
distdbution(3一D)Df micro—earthquakes．
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基于“双差法”地震精确定位研究2002年12月14日玉门5．9级

地震的发震断层和发震机制

荣代潞1”，李亚荣1’2

(1．中国地震局地震预测研究所兰州科技创新基地，甘肃兰州730000；

2．中国地震局兰州地震研究所，甘肃兰州730000)

摘要：利用双差地震定位方法对2002年12月14日玉门5．9级地震主震和余震序列进行了精

确定位，在此基础上讨论了本次地震的发震断层和发震机制。

关键词：双差地震定位法；玉门5．9级地震；发震断层：发震机制
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