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IⅡthis呻p盯，we de咖璐自哺te the bigh—resolu60n靴jsInic re日％廿oⅡdata fnr a deptb raⅡge of
several hIⅢ州mete玮acro辐也e Fenhe fallIt in T钮y岫n city，a曲n．IⅡ咖biⅡa60n喇th the
nIevant b岫ole Ip黔，the辨da协pr砌de u靶ful c棚蟮打aints蚰the accurate p稠廿on，群舳etry
蚰d de如丌呻60Ⅱmte of the hIllt，船w枷船the Idne砌6荡of r忧eⅡt h．1】t mo廿on．The Mgh-
r幅0lu60n蛐ismic ren删oⅡ呷丘lin窖mv凹led tl瞄t the westem branch of tI崛Fenhe faII】t is a
址gh an掣e，髑时哪rd mpping，obuq唧·n唧al falllt，蛐d cut吐og up to the lower part of the
Q咄ma珂syst锄．nw鹪r¨朗ledthat也etop bn枷ngpoiⅡt ofthisfal】lt主s at a dep．h of～
70m bdow the l即uDd su—hce．A borehole log挪cr惦s the Fbnhe faIllt pennitted us t0 infh that

the她a咒t唧o high—angIe，oppo蚵tely mppiⅡg，ohuq岫一肿n呐l famts．The e帖tem b瑚cb U幅
ben∞山the吼ste皿emhnkment of the Fenhe river，mppi雌to tlle west aⅡd cu坩ng int0 the

Holo钟耻一late Pleistocene sh口ta wi山a madmum ve嘣咖oⅡ艟t of一8m．AⅡother bor℃h01e 109
卸ro鹤tlIe northem se肿eⅡt of the FeⅡhe famt inm衄t幅that the哪tem bra耻h of山is faI】lt
has cut into tlle Holo髓Ⅱe．hte Pleist0恍ne s蛔ta wi山a岫对m啪ver6caI o丘§et 0f一6m．The
above．me州oned data provide a miⅡim岫average—eistocene．H0locene ve—jcal slip f丑te of
0．06—0．08】皿m，a and a疵m啪avera暑elar翟e．蚰rthq衄ke recu丌tⅡceiⅡtervaI of5．0～6．7ka
for曲e FeⅡhehlIIt．

Key肿rds：删yu柚dty；Fenhe falIIt；皿gh一懈oI删oⅡ卵ismic rmec廿oⅡpm¨呜

A set of NNE—near NS—lrendinE faLllts h鹊devdoped in tlle SharI】(i falllted b船in z们e．11lese

f蛐ltS have叽de‘gone tlle 1303 Hongdong肘8．0 e砒hqLlal【e，【he 1683 Yuanpi“g肘7．0 eanhqual‘e，
t11e 1695“nfen埘7×e砒h叮Llal【e，aIld otller earthquakes．Thus，these正lults are山e seismogenic
stnlctu陀s for la唱e eanh叩akes in tlli8 ha8in zone(Dellg Qidong et a1．，1985；xu)(iwei，1989)．11le
Fenhe faIllt in TajvuaIl city i8 one 0f tIlem and mainly developed in t11e no^}Ie瑚depression 0f tIle

Taiyu蚰basin in山eⅡliddle se舯ent of tlIe basin∞ne．It is dismbuted rou棚y along t}le Fenhe dver

‘Receivedinoctober2002．1k8 pmjectw曲8ponsored byt|Ie state Pl叽nl“g corⅡ删s3l。n；I哪6山tE of(知phy slcs．chi·
Da se诂mol哂一B眦u Con廿ibunon No．03FEl006，IllstiMe of Geophy∞cs，CSB

   



74 Ea血qIlake Remh in Chi∞

in a neady NS dimct；on t}．muf；11 Lhe T缸y岫uIb如dis啊cts．Is lh；s faIllt did毛rent from 0r simd盯Io llle
讪er hu王ts如g wMch la唱e e＆nhqual【es hve occurIed?b tIle咒a sjmijar seismic^sk on山js fauh?
IIl seeki“g t}le answe璐，it is necessary to ex∞dy understaIId tlle concrete positi仰虮d spa6al strIlctu砖
0f the falllt，its slip Iate，and lhe dynaInio proc髓s 0f山e recent movemenl．However，tlIe Fenhe faIIlt
b bu^ed beldw the g，Dund surface．We c如’t deter而ne its exact location or its recent movefnent fmm
sⅢface geolo百cal—g∞mrphic data alone．It is necess8ry t0 u驼a∞u咄“g mellIod to oblain tlle under—
gro哪d da诅，s0∞to IIIIderStBIld the geomelricaI slrIlctu托锄d tIle口ovement history of the faIllt．

Hig}I．fesol埘on seisInic renecdon pfofuin膏was one of tIle eIIective明d I℃Uable sounding t呻ls
used to 6nd山e bu^ed fault．The sounding onen u8ed a seisIrIic枷ec“on wave metllod to deterrIline
tlle dep山of imerf舵es between strata and Lhe seisIllic veloci竹struclufe of t．1e strata．11lis was in ac—

cord粕ce wim the kjneⅡmⅡc aTld dvTlaII-ic charactedstics of seismjc rdlec6仰w8ves fjDm the interfhces

of diHbrent physical prope币es in cnJstal media．DIId“g recent years，tlle method h踮bl地n widely used
to e眠廿veIy resolve some ge010百c丑l proble隅(Y蚰gwencai，1993；)(i仰g珏卸gqi帅g et a1．，1994；
Dol蚰et a1．，1997；}Ia0 shu讧an et a1．，2001)．111e seismic栅ec廿0n wave metllod h啦a set 0f nla．
tu代tech|liques for neId data coⅡection叩d Iaboratory data processing，which we陀desc五bed in de【ail

in眦“y monogmphs，t麟tb∞ks．aIld p8pe舟(waIlg zIlendo“g，1988；waIlg Qin曲ai et a1．，199l；
Yu Shoupe“g，1993；QiaIl Sh∞hu，1993；)(iong功“gqi”g et a1．，2002)．
11le FeIllle falllt nlns lhmug|l tlle阿ytl曲ci‘y center．Ⅱall eanhquake mptum t且k船place佣tlIe

fauh，it would c8use heavy darnage．Th岫，in t}lis paper we wiU focus our study on山e exact locati仰
of tIle fjujt卸d its disIoca60n．The so呻ditlg ar阻is IocaIed仰lhe weste丌l bank of tlle Fenhe dve『in

1越yu蚰c时．In orderIo胡ktively con帅l tIIe stdke 0f tIle fault，two sub．1B“tudinal seismic pr面b嵋
lines we弛Iaid oul b：tween tlle weslem eD幽蛐kment of the Fenhe而ver east of Nantun viUa鞲e and t}le
westem w8ter cha帅el al 600～1200 m soutIl of Ch蚰如ng west mad．The reslIIt of lli曲．resoluⅡon
seisrIlic reflectio“pm肺“g of山e shallow crIlsl8l pm(∞veral hundreds fnete玛)is西ven in t}li3 p8per
and t|Le basic ch眦ctedsdcs of tlIe Fenhe fault，such as i乜exact p∞i廿on，the movement nature and
tIIe age of the f“lI a10nE t}le pJ曲ling li啷，have als0 been deteⅡIIined．1n combina60n with d^ll da．
ta，tlle geometrical strIlcnl陀，kinemⅡc蚰d d即蛐ic behavio玲0f t}Ie FeIllle fault are preljmi面ly dis．
cussed．

1．A BRmF oF THE FEN皿FAULT AND THE PRoFⅡ。ING AREA

J．J．‰mo甲^缸砌m，∞加fk A，∞
Taiyuan citv is located in tlIe north锄pan of the Tajvu叽ba窟in in t}Ie middle paIt of t11e ShaJ试

Plaleau．卟e FeIl}le^ver nms fmm nonlI to soutlI山lou小the ci竹．Ten or mo他neady wE．trending
gIlUies on bot}Ib sid嚣mninlotlle dver．IIl addi“onto Lhe development oftIleloess pla怕肌aIIdtlIe
alluvial-proluvial fhn In dle mdunlain fmnt．t郫ton；c subsidenoeⅡude most area of the h踮in intedor

open andⅡat．Thu8，the reKef of山e area i8吕lowly tilted fmm t11e mountain fIDnt to tlIe Fenhe^ver．

The sounding area is located on山e westem b姐k of tlle FeIllle^ver，where山e l蛐dfo皿is nat．

J．2．7k出Ⅱ肥ma口脚“捃埘d丁缸r。n记n砷l，∞拥觑A，阳
11le caIⅡbd蚰lo Ihe Jur鹊sic syste脚a陀dist曲uted in tlle pe^phery of tIle Taiyu皿basin，but

t118 younger and the Qu砒emary dep衄缸am developed witllin t11e ba8in．The Neogene system in lhe

no^hem depression reach 310 m in t11ickn髑s蛐d disconⅡnously cover tlle帅dedyinE stral且．The sys．
tem isⅡIai工Ily lac璐trine depos沁，consisⅡIlg 0f c18y蛆d silt一6ne—gmined salld with s蛐d-gravd 18ye璐．
The Qualemary system h∞weU developed and its山ickrless r朗ches 200～400 m．It is made up of

gr8y-bmwn nuvial·lacus【rine sediments(Bureau of I‰Iogy and Mineml Re∞urces 0f Sh阻xi Pmvince，
1989)．

TheⅢar西n 0ft．Ie nonhem s89mem 0fthe阿yIlaIl b蚋injs contr0Ued bytllefaIlltsintIIe)【isIlaIl
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Mountain fmnt and on tIle we8tem border 0f D0“挚haIl Mountain，fo皿ed a sIlb·lon画tu dInal船yrnmet五c

gmben deep in t}le west删d shaUow in t11e easl．Two sets of faIllts haVe develoPed witlljn lhe Faben

(Fig．1)：咖y sub-lon矛tudinal falllts have been arra“ged i“pamllel明d a工e cut by two sub—latitudi—
nal faIllts into山ree seg巾ents．The f0珊ers are nomlal dexnm stdke-slip f“1ts鲫d tlle hlte瑁are no卜

mal siniBtral st而ke—slip falllts(De“g Qid仰g et a1．，1985；xu xiwei，1989)．

№．1
Skelch 0f g∞logical s‘Ⅲclure of山e啊”an ar姻

1．Mo帅tain aI亡a；2．Pla怕m o‘p肿luyiⅡI h；3．B岫i“plain；4．QIlateⅡIaIy汕sidence cen№r nnd岫ckne豁；5
F且uh蚰d沁number；6．L脚lion 0f∞undi“g 1ine；F1．xlsh卸Mo衄lalll lront faIllt；砣-FkIIIIe h【LIt；乃一Qlnxian
faIllt；F4-Be证}岫g血ll'巧一D0ngsh肌川l；陌·S锄ge；hull，F7-na【lzIlu叩g洲t

1．3．A B^对D|the Fenhe F∞h

The Fenhe faIllt嘣ends near the Fenhe五ver valley west of山e cen叫pan of the b8“n in sub．
10n面tudinal direction蚰d tllen tums to 8 SWS direction soutIl of t}le T锸”an uJbarI蚴．1t consists of
several 7—25 km long，hj咖一aIlgle，rloⅡn日l昱t^ke-slip faults in en eckj0忆fonll(xuⅪwei，1989)．
IIl tlIe s七Lldi。d area，tllis faIllt consisls of boIh e8stem衄d w拍tem brallches and h鹏been cut by WE．

t陀ndi“g faIll恒into山ree segments：tlle westem b肿ch 0f the north椰s8伊nent is well developed如d
dips to tlle east，It contr01s a second·order Qu砒em8ry 8ubsidence center．The fIliddle segrnent co璐ists

0f two bmnches dippi“g oPP0sitely蚰d contmls a second8ry Quatemary subsidence ceIlter in t11e Fenhe

dvef valley．ne southem s89m衄t is m“nly the删tem brallch djppj“g to the west锄d is developed
on lhe eastem side of tIle Qllatemary sllbsidence center in t|le southem paLrt 0f the d8pIession．
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2．ⅢGH．RESOL叩oN SEISMIC REFI皿CTloN PRo耵删G
A comIno卅renecdo“PoiⅡt，InulⅡ一covemge obsew砒ion 8ystem is usually used in t|le seisInic re-

nection wave melllod．Il is e雎血ve for 5uPpre8si“g intedbmⅡce waves and improvi“g signal—noise m-

tio．卟e sei8Inic wave me山0d carI visually renect theⅡuctuaIion of stml培mPhic inte血ces a11d is血rly
e仃＆Ⅱve for Lhe deteclion of buded faIllts under the gmund surface(HawmaIl et且1．，20D0)．

The key point of the met|lod蛆d tec“ques of higll·resolu“on seisrnic pr0矗ling is to a丌allge shon
and smaⅡchannel spacing of tlIe ob鸵rvation system．Researche巧use a smaⅡalnount of charge to in·

duce seis“c waves．A hig．1一hquency detector is used to receive．s珊m s姗Phng spaci“g蛆d a wide—
band删Ider a糟us。d to acquj砖hi曲一fj卅uency seismic walre i—轴Tnati伽．In dljs sound；”g ope7a“彻
we used a Strata View R24 Digital Seismometer m肌ufacturedby山e Ce0呲tricS Co呷蚰y in t11e USA
for瑚ordi“g．We used a sampb“g spaci“g of0．25眦aIld t啪sI|lission ballds 0f35～200 m．An ob—
semtion system w汕8 channel 8paci“g of 5 m，aIl o如et of 30～50 m，a 24 channel urIilateml receiv·
er，and 6 stacks was adopfed．The seismic waves were induced by a 200—400 g锄moIlium niLrale
cha。ge sel dowIlin a borehoJe at a dept}l ofl．3～1．5 m arId received by a s洒deloo№higIl·seIlsi一
Ⅱvity ve而cal detector．with t}lis method we coIIld get seismic waves of en叫gh ene。耵aIld蚰wider
b¨d sDec№．
11le Strata view R24 lli小．resolution d澉al seis啪meter is a device Ilsed for dala co¨ecⅡon in

r“哪r eIIgiⅡee^“g pmjects in cIliIla aIld abI删 I【sⅡlain technical specific丑廿ons are鹊follows：

A，D tmnsf0Ⅱn A 32 k也ove卜sarIlpli“g technique is used a11d th。pr∞essjng efkdve-
ness reaches 24 b沁刖Dlransfom

Pre-“p曲e‘gai“ 36dB s雠ionary，addi“g 24dBⅡ响““g—poinI挪”pLmcadon
IbnarIlic m“ge neo眦ically 138 dB，2 IIls sampbng mte，肌d measured 113 dB

SⅢpli“g印∞i“g 0．032，0．064，0．128，O．25，0 5，1．0，∞d 2．0 lTls

FreqIlency b∞d 3～14000Hz，至an arbitⅫily chosen

Acbve‰l【is d出ned as a协li'whichh鹊been active since Lhe late QIlate眦ry．1，-Ils，忆
s岫lig瞪phic bound8ry between t|le 1ate Pleist㈣e叩d向ddIe Pleistocene d。posits bec础a阳d【ed in—
le妇e for dete功dIli“g L}le e五stence of tIIe active faLllt，whde tlle b鹅e inte血ce 0f t}le QLIalem8叫system
k般mle帅i“币oIt丑呲object f打the study 0f faul‘geome‘ry a11d faLllt∞tivi‘y．IIl lhe desi印0f tlIe ob驰卜

v撕on system，tIle detection depth for蛐opti州observati叩window was s“pposed to be 40～300 m．
The陀lated p啦nlele瑙were dete工皿ined nnaUy in a t船t of coⅡected da上且蛆d虮exaIninmion of inte—色r—
enCe Waves．

2．2．Dmn Pmcessing

The hi小．resolution seisITIic柚ection profiles used in geological interpfeⅢon wen obtained by
pfDcessi“g dal丑∞llecled诵th sinde sbo￡s jn￡l，e矗eld．The d日ta processj“g w∞Pedb皿ed by llsi“g t11e

Winseis Pro异ram prepared by t|Ie KaIls衄Comp叩y in tlle USA．The processes included data for脚l
啦n“brmiIIg，ch蚰nel edi廿“g，st“c c0H钟bon，叫me五cal mled“g，d”aInic co鹏cnon，velocity

sc咖i“g，and ho^zontal stacki“g．柚er a di画tal pmcessi“g tlle ho^zontaUy stackedⅡ珂B pm6les were
0b“ned(Figs．2卸d 3)．Abscissa a Is the CDP number aIId its cooId；nales a托two—way reflec“on

cime(flls)．compariⅡg che renecIj仰们"g，Dups in山e d．ne p∞矗1es，we can de￡efrIline￡he st兀Ictu捌

form8 0f the I卸ection layer．The corTesponding interp陀tab帅pmnle is obt丑ined from the stacki“g ve—

locity data after veloci‘y aIl“ysis in combi叽tion witII t}Ie geol蛔cal dala aIId Lhe vel∞ity me踮urement
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resull 6Dm山e boreholes．

The shaUow seisfllic velocitv obtained in t}le velocitv a11alvsis of tIle seis主Ilic r}enection data has a

la‘ger errot d11e to the sb蚰ar玎mgeme吐柚d small印ac佃晤of也e channels inⅡ坨Iligh一删u旺on seis—
Inic棚eclion pronung．F0r tllis reason，in oIdef to deter|nine山e 8eisInic velocity in tlle late QIlaler_
nary deposits，tIle detection w鹏pedbnued in two boreholes．1Il combination wit}l data from other

neigIlbo^ng holes we deteⅡmned lIle veloc畸in the“ppe’pan of山e Quatemary d8Posits(札，the
nuv瑚sediment吕)to be 1200【D，s蚰d dle veloci‘y in the 10wer part(Q J-2，nuvial sediments)to be

2240 m，s

2．3．西m P脚les
2．3．1 Seisndc Renec石on IIltedjces

Tho seisITlic r胡ecⅡon interbces were detelTnined in ac∞rdance witll the cond“on between fe—

nect；on wave ph舶es and山e 0ccu丌Bnce alIitude and levels 0f tlle 8tratigmpllic llIlits．Thoy are called

lhe upper锄d10wer衅necⅡoninIe血ces(ng．2 a|ld Fig 3)．111fkt，tllere are also且n otherl～2 re—

nection intedhces existi“g f撕ndy in the deeper paIt．They a工e not dis“nctive due to Lhe i鹏u伍cien【en·

e。日for induci”g t}le seisⅡlic wave．

豫e昭Per耐k出n妇咖ce．It∞neists of 2～3 s呻“g phas船wi山a hi出Video_fIequency in
neadv ho五zont且l occur陀nce and can be conti删ouslv traced．The two．way、travel tilne is 85～1 10『Ils．

The featurBs of the renection wave above and below tlle interface are cleady diⅡerent．The renecbon

wave energy above山e jnIe出ce is weaker帅d onen displ8ys a bl明k zone，sometimes a chaIl垂ng 0c—

cu玳nce．1he renecdon wave ene。gy bdow矗le inte矗ace is sh”nger，but it8 laye^“g i8叩me蛆d
neady ho^zont矗Uy．

孤8如眦r码胁如n池rfb钟．It coIlsists of 2—3 continuous sⅡDng phase日．n a n朗rly hodzon“
occu髓nce，with h妯vide0．如qIlency．ne two_way t工avel time is 1 80～200 m．ne血tu瞄o“he
reflec60n wave ab6ve arId below Lhe；nterface are cIeady djⅡbfenl．The reⅡection wave energy above

tIIe inte正lce is weaker and sometimes displays a blank zone“山叫a6vely 8parse laye一“g．The枷ec—
don wave ene。gy below山e inteIface is sli曲dy 8tr0”ger鲫d its laye工s are denser．

7k r毋d加ni，如咖册in觑deE阵7胆一．1～2fenectioninterf如es c arI be％nⅡyf0呻d along
tI-e so岫ding bne No．2．Most 0f them∞nsi8t of one陀la6vely stro“g Phase wilh higlIer video-f帕¨en-
cY，in a neadv horizon“occurrence．Most of t11em also extend inte珊ittendy．

2．3．2．Seismic Renection bveH

Th6 geol嚼cal毗dia aIe s8p锄led by the“pper姐d lowef renec蚯on interfaces inl0 three(the up—
per，“ddle，卸d lower)sets of seisⅡlic陀nection layers dePendi“g蚰t}le枷ecti仰wave featu陀s，Ve-
locity in山e la”I吕，for example．

7矗e‘‘B印r靶I矿r可k￡面n jn声巧．It 0ccun between血8 gmund suJface丑IId山e“pper rdlection

jnledhce．hs reⅡec￡ion wave ene。gy is weal【er蚰d onen displays a bhIlk∞ne．I‘s occurrence some’

ti巾es varies．The l叫o-way lmvelⅡme challges Iess in its westem pan粕d more in the e雒tem p缸．
11Ie velociLyjnt}lelayersi81200 rn，s．

?‰Hl谢k se‘o，耐k‘如n f叩rs．It occu姑kween the upper肌d lower ren。cⅡon inLeIfaces．k
renection wave曲e。科is not strong蚰d somedmes displays a blank zone． Its laye^“g is relatiVely

spa巧e，but n∞-way travelli眦ch锄ges less．11le velociIy in t}le layers is 22加一s．
丁k幻聊r删0，碘以幻n z叼憎阽．netoP 0ftIlis setisthelower地nec60ninte血ce．1ts耐lecⅡon

wave energy is slig}Idy 8tm“g虮d b 1aye五ng is also denser．11le velocify in tIIis set is 2950 nl，s．

zk D班0，Ik埘s矿5出口血r啦“幻n妞阳巧．Ge0Iogical蚰d d^U dala indicate that tlIe Quater-
n8ry deposits ar{e weⅡdeveloped wiLh about 200 m thicknes8 The undedying deposib are the Neogene
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system w汕about 300 m岫cknes8(Bumu of Geology a11d Mineral Resources 0f shaIlxi PIoV；nce，
1989)．1'le lower蛐d血ddle P1eistocene(QI蛐d Q2)sedes are tlIe nuvi丑l—lacustrine d8Posi协．ne

upP盯Plejs￡。cene(毡)如d￡lle Holocene(q)靶一es a坤nuv瑚dep惦b．T们bol器抽ned du—ng

tIlis sou础nE陀vealed the shma，wIlich are in descending order踮f0Uows：
①suIfhe cul6vated soil，0．5～1．O mtlIick；

②Bra吼一yeUow silty clay，con“n；ng血ca，5．8～7．5 m龃ck；
③Brown aIld g。ay_bIDwn矗ne-g嘶ned saIIdy clay，“山powdered sod皿d sⅡlall gmVel，9．5—

11．7 mtllick；

④BrowIl arId browll-yellow silty d町w油矗ne—g曙ined saIld，contai|ling lllica，9．5一lO．5 m

tIIick：

⑤c珀y-br帅gmvel wit}l s蚰d 6lli“g and Iollnded gmvd，O．8-1．0 m曲ck；⑥cmy-brdwn
gdty clay，con“ningⅢi凹bgmenLs，modemtely dense，9．5一10．2 m曲ck；

⑦Cmy—hmw玎舳d bmwn g珀vd，wiIh s订ty c1凸y，modemle】y dellse，10．0～19，5 m tl】jck；

(玉Brown silty d8y，locally谢山sandy soil and gravel，contai|li“g mic8，2．0—5．O m t}Iick；

⑨Gmy-brown gravel wi山s帅dⅢ“g and mIIIIded gravel，Inodemlely deIIse．7．0≥8．5 m
tIlick：

⑩Bmwn s丑ty clay，埘tll矗ne—g嘶ned sand layer，co。npac湖，un。邛0sed．
II c叽be kIlown f而m tIIe data desc^bed above lhal tlle la”巧①～⑤a聪mairIly brDwrI s蛐dy

∞il，in addmon t0 thi“gmvel layer at the base．They＆陀0f nne·grained matedal compositi蚰衄d

i00舶stmctu陀a|ld shoIlld be tIle Holocene(Q4)deposils．The ba鸵boundary Hes at a d。ptIl of28．8

—29．0m．111e18yers⑥一⑨aR啪de面ely comP明ted gmy．bm、忸s如d·gmvell8ye髓明d siIly clay．
1'Iey fom posi廿ve I壬IytllIIlic deposh，矗ne—grained in tll8 upper p缸帅d coaIse in the lowe‘part．ne
ke is atypical“hBsal印7d”layer，beiog aⅡuv洲deposii-1】leyweref0珊edjD山e】ale PJeislocene
(q)．11leir base bo岫d8ry lies 8t a d8ptll 0f 62．0～67．5 m．byer@is a comp8cted rhytllmic

layer．Th峙，it was f0皿甜in the middle Pleistocene(Q2)．Therefofe，山e two soundi“g prom曲m·

vealed two cle盯如d conIinuous幽sⅡIic reⅡecdon inte五aces：tlle upper inted如e陀P7eselns the base

bo帅d8ry of tIle late Pleistocene deposits且t a depth 0f about 60 m(the diⅡbmnce between小em is one

leveI，i．e．1ayer⑨，a曲n b舾al gra”el layer，weⅡceⅢenIed，witll higIler veloc时)柚dtIlelowerin-
ted如ei8山eh【tom ofthe QuaIemaIy system a|Id h曲a deptIl of about 200m．The 3 sets 0f驼is面c

renecⅡon 18ye巧sep哪ted by tIlem，in descen击“g order，represents the Holocene·“pper PJeistocene，
thcⅢiddk—lower PIeistocene sedes，曲d tlle“pPer Pleistocene，re8pee“vely．

2．3．3．SlructumI Analvsis

No．1 traverse lies in吐le nort}lem pan 0fthe stIIdied area．It is sub_latitudinal蚰d 760 m long，

perPendicul缸t0 tlle major smlcnl咒iIl t}le area．Th8 p商li“g resIllt indicat∞that lwo Very cle盯inter-
faces e五st in the seisⅡ讧c nⅡ啪tionⅡme pro矗les aIld occllr at deptlls of 50—70 m皿d 180—200 m，

陀印ectively．nqtendto be shallowerintlle west蚰d deeperinthe east(Fig．2)．It c叩be cleaIly
s∞n In the time p10m曲tlIat B ref瑚rkable omet phenomenon 0f cophase axis 0f陀necdon waves 8p-

p锄at siteCDPl43 belowtlletwo_w8ytravelⅡme of280岫(F1)蛐d at site CDPl69 belowtlletwo-
way昀vellime of 245瞄(R)．The ch啪ctedstics(“qLlen。y，舢p王itude皿d traveI dme)of t11e

w吖8 gmups chaIlge si印击c明Ⅱy帅d dis讪ly kine眦tic蛐d dy眦mic behviors帅ical 0f a st^ke．sHp
faull．The falllts aI山e two sit鹤an neady ve币cal皿d dip sIj曲dy to tlle e鹪t．The“pper bIeakjng

poimfoffauJ￡FJjs 8l a dep小ofabout 270皿be】owthe乎Dund sud如e and山atfo『faII】l Bjs丑l 238

m bdow山e gmund surface．Thu8，they did nol cut Lh助u曲the QIlatemary$ystem．
No．2 pal．allelto No．1，1iesintlle∞u山em part 0fthe p柚ling哪明dis 1040 mlong．ne

pro丘Ung舢lt Is collsistent wi山tllat of Une No．1，t啪“dy cle舡s咖Ilg reⅡecnon．mte由c鹧exisl at
depⅡIs of abodt 60 m蚰d 180 m，nspecⅡvely，蚰d蚰ot}ler reflec廿on interf址e exists faindy in山e
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de。pe。part．ne twD strong枷ecbon inte血ce8 are shallower in t11e west锄d deeper in tlIe e船t(Fig．
3)．I“sde盯ly seen at site CDP253 be附eenthe h帅．waytravel 6m 0f135ITls蛐d 450脚(E)t}lat
t}Ie c叩hase axis 0f山e renection waves is c㈨y o如el，wit}l tIIe o￡bet amplitude gradually Ieducing
from t}le de8p to the shaUow pa^．The“pper b吼ki“g poim cuts into t11e lower pan 0f t}le I汕alemaIy
3ystem(QI．2)at d8plh of 70 m below t}le su血ce，near Ihe baSe b0叫dary of tlle upper Pleistocene se-

五船．The fauh is nearly ve而cal，wit}l a venical o凰et less 0ft}laIl lO m，and displays a movement蚺-

ture“t}．a刊y nomlal fallId“g component but rnaillly 8 s—ke一8lip movemeⅡt．
Ill蛐rnⅡmry，t}le lwo geisⅢic耐1ecti叩pmfjles acmss lhe Ferdle血山in TaiyuaIl ci婶Ievealed

that tw0 cle盯蛐d continuous stmng reⅡecⅡon inte由ces exist co蛐oJlly under t}le伊。岫d su止吣e in
山e 8ludied删．The“pper interface Kes at a d8pth of60 m，8t t|le b阳e 0fthe upper Pleistocene弛一
d∞，锄dt}lelowerintedhceis aI a dept}l 0f about 200 m，althe ba∞of山e QIlatemary sYstem．As

descdbed且bove，the soundiog area is conhDⅡed by a set of NNE．sub—lon再tudinal s咖cnlm，which
have unde‘gone sho。唱dextral strike—sHp movemenl．Therefore，the br衄b“g points found o“prDfili“g

bⅡ髂No．1 aIld 2 indicate generally that t}lefe are sub—lon百tudinal high-a“g如stdke—sUp faIllts in t}Ie

dghl sleP0ver，船showII in Fig．1．1118y珊the westem b娜ches 0fthe Fenhe faun．0IIe oftlIem，
f肌lt Fl，is controued by a丌e踮tem bfeakiIIg poim 0n soundi“g ljne No．1锄d a breakj“g point on

soundir垠line No．2．Il h柏cut the血ddle．10wer Pleistocene sedes and me undedyiIlg deposits and has

been covered wit量l t}le Holocene．upper Pleistocene sedimenls．It indicat船that the f抽lt w鹅activated

in tlle eady Qualem日ry明d c曲sed in Lhe late QIlatemary．comparalive analysis of the o矗*t deposits

晶lo“g dle soundi“g prdnes and the feature5 of血e seismic w删2刚pe帆bo山‘sid帕0f the fault pe卜
Ⅱdtted us t0 know t}-at faIllt FI is a st五ke-slip f眦It wilh日less te眦ile dip—slip comp0“ent．FhIllt F2 is

contI。Ued o『lly by a westem breaki“g point叩soundi“g hne No．1．11le otller饥以h b啪ch lIIat
we deIe皿ined to be tlle westem branch of tIle Fenhe faIllt is i山rred fIDm the啪lo茚cal data near the
蜘n血唱area(Bureau of GcoIogy and Mine工al Resoufces of shan】【i Pm、，ince，1989)．Itis wortlly to
note t|lat the删ount 0f movement aIonE山e stepover pan of山e falllt is less th虮tllat along山e main
body of tIle f血dt山nt did not cut tIle Quatenl4ry sysIem．

3．DISCUSSIoN AND CoNCLUSIONS

3．1．ne Emct L。c舐on∞dG∞mtq醇th Fcnlle Fn越t

hI the Dast，t}Ie Fenhe fault attracted litⅡe atten60n明d was not widelv unde巧tood，as tlleI℃was

a lack of detailed and direct d吐a on山e fjult，Uttle i11fb丌nation had h，en ob“dned eitlIer throu小re．

垂011且l geologicd inv船tigation of b越in suucture8 or tIIr0“gh local geolo舒cal prosPecti。培．Therefore，
山e location 0f t11e faIllt w够shown difrerendy in dle va五olls学eol晤cal m叩s明d the印“al geome晡cal
strIlctuIe 0f the faIIlt w∞i耐j刊．Th。pmJ；ilj“g reslllt，in combina60n wit}l previou8 g∞logical dala
(B唧u 0f ceology粕d Mined Resources of Sh蚴x；PIo“nce，1989)provide8 8 si印ificBIlt帅der-
s血ldi“g 0f Lhe faull'lhou曲t}18 p砌b“g was肚面皿ed 011ly in t11e 0ne ama．Fi巧Ⅱy，tlIe Fenhe fanh
was con8idered to be a sinme f脚1I consisbng of蚴y se印lenLs dist矗buted alonE the easIem bank of
山e FerIlle五ver．The pmming瑚lIlt indicates th砒a high—a时e e曲卜dipping fauh exists ben∞tll the
westerrl bank of tlle Fer山e—ver and isⅡ1e westeⅡl bmnch of the Fenhe fault．This was Ibund aner

aIlalysis 0f the sounding data in combjna60n witIl tlle ddⅡdata．Therefore，the Fenhe fauh shomd

con8ist of botlI its b瑚mches．The westem bmnch lies between山e westem embarIkment of tIle FeIlIle

River and t}le westem water channel(Fj帮．1蚰d 4)．Secondly，two b舯ch船ofthe如IIll jn山e mid—
dle衄d southem sections 0f the soundi“g area dip opP0silely and hvc fonned a lor蜉tudinal n删w
率aben．TIlis commUed tIle development of t}Ie Fenhe五ver蛆d its vaUev posiⅡon．The nor山em seg．
口雌nl of t}le falllt is onlv a branch．The ava丑able data indicates lh砒“dips to the no曲，so il is tIle

westem branch of t|le faIllt．Tmrdly，rwo branche8 of the Fe—he faIllt are smaU dist明ce apart，dlp op．

   



82 Ean}lqLlake Rcsearch．n Chi衄

positely，aIld e】【tend downward to a d8pth aL which tIley sholl】d be combined int0 a sinde fatIlt．Be—
cause the soutlIem aIld nonllem segments 0f tIIe faull dip in opposite di他clions，tIle faIllt瑚y have
some hi“ge ch啪cter for t}le movement．The nonhem s89menl of山e e越tem bmnch and the s叫them
segment of the westem b砌ch are infen℃d to be the subordinate faIllts in t}Ie shaUowe‘pa^and嘣tend
downward fo a cer￡缸n d8p出脚w】1ich￡}18y flle‘铲in￡o出e瑚油body 0f出e faulI．

3．2．死cf棚lcAc“v毋口如船她凡n船而“打

Tectonic acⅡvi‘y alo“g山e Fell}le fault renects evidently on池contIolli“g e雎ct on the Quatemary
subsidence centers．The Xincheng，tlle CentmI urban district，and tIle Jinyuan subsidence centers jn

tIle T“yuaIl d8pression are controued by the FeIl}le fauIt(Fig．1)．ne xincheng subsidence center is
located on the eastem side of t}le faIllt．The CenⅡd urban disldct．Fenhe subsidence center is behveen

Lhe two braIlches of the Fenhe fauh，a11d the Jinvuan subsidence center is dist^buted on tIle wes沁m

side of the faI工lt．It村lects noL oIllv the venical movement on the Fenhe fault，but also tlIe stmng ho五．
zontal movement along it，i e．the dexlral st^ke—slip movement alonR山e faIIll，which m—k髓the sub．

sidence cente巧disLd blIted in an“S”forrn or a quadmnt．The westem b聊ch of tlle nor山em se舯ent
且rId tIle e舾tem b舢ch of souLhem segmenl are t}le main conhDⅡi“g faulls帅d dip oppositdy．

Il eal，be seen jD F谊．4 thal lhe wesIem brancb 0ftl】e soulhem se舯em h舶。雎el theⅢ；ddle
Pleistocene depos池锄d Ihe venical dislocaIion at the base of the dep05b is about 5 m，buI t|le late

pleislocene deposits have not been om弛t．It is consistenl“th lhe比sIllts of lIIe seismic prD矗liⅡg，indi．

cating thaE t11e b肿ch was not aclive in山e late QLlalema玎．The eastem b啪ch has oⅡ醅t the late
pkistocene deposits and the venical dislocation at山e base is abmJt 8 m，whUe tIle venical dislocabon

of t11e hase of lhe面d棚e Plejst∞ene deposjfs瑚ches 10 m盯Ja昭er．The Fenhe时ver珊s betw托n
the two bmnches Fig．5 shows a borllole loE acmss tlle norLhem se舯ent of tlle Fenhe fhIllt．The two
bonh01es are close to each ot}ler卸d the 10caI geolo尊cal and geomorph；c co础tions are sinlil丑r．TheIe．
fore．且Ilalysis of山e litholo画cal characte打5tics aIld t}Lickness variation of Ihe deposI乜indicaIes tIlat tlle

falllt had unde‘gone a movement with a normal faIllti“g component，but iLs vertical of‰1 w踮not 18唱e，
less七Ilan 6 m in【Ile lace Ouacema玎．
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Fig．4

Borehole log alo“g N蚰tun—Yan舀iap“pm“le across dle Fenhe fauh

(revised aner Lhe Hydrogeological T朗m，Bu舢of Geology a|ld Mine同
Resources。f Shanxi Pmvince，1965)

1．Fine—grain甜gmvell8ycr；2．Gravell印er；3 sa|Id 1By。’；
4 Sandy∞n kyer；5 s蛐dy d丑y18yer；6．cblayer
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3．3．seim血R{畦on th Fnh￡Fnult

83

ne Fenhe falllt is a late PleisIocene active fau】I．ne seis“c dsk 0n the fauh ca|l be discussed
fmm I}le followin异aspects：

(1)Slip mte．ne FeIlIle faulI is a mairLly dextraI sldke—slip faIllI．No hodzon【alⅡ10vement indi．
catiolls were found，t脱ause the faLllI is located in the plain inte打or．Thus，垴dextral 8t^ke．slip mte
could nol be dele丌Ilined But ddU data indicates that the vertical slio fuIe on the faLIlt}1日s been 6—8

Ⅲsince t}le late Qualem4ry，which is slighdy 18曙er than that of faIllt No．5 in the 1hgshan area

(about 5 m，u Jianhua，1998)．If山e lime inLerval is taken to be 100 ka，t}le correspondi“g venical

slip rate will be O．06～O．08 mm，a；If s删e砷叩akes and non．seislllic creep are not considered．
tIle vemcal dislocalion caused by each 18疆e eanhquake is assu呲d t。be O．4 m(the avemge代rtical
dislocation caused by the TangshaIl earthq“丑l【e)，蛆d t}le co眦8pon di“g recu丌℃nce inLerval of la‘ge
earth∞akes wiU be 5．0～6 7 ka．
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Hg．5
Bo陀hole log alollg Bejguni蚰·NaIlzai pm“le acmss the Fenhe fauh(revised出er the IIlstitute

0f Geology，State Seismolo百cal Bureau，1989)

1．Sand·舯vel hyer：2．smfiIl争g商ned 5柚d 18yer；3 sandy帅d 1ayer；
4 sandy c18y 18yer；5 chy hyer；6 c‘ay·b量Ⅱck啪dy clay 18ye。

(2)B踮in stmcnlre．The geological ch啪cte^stics offhe no曲em dep陀ssion 0ftlle Tajyuan basin
aIe simdBr恤those of Lhe Unf毛n basin in the southem口an and the Yuanpin曼depression of山e Xinding

basin in the no曲em pan of the Sha眦i f如1ted basin zone．1)StmctumUy thev are山e NNE．sub—lon一

对ludinaI narmw—lon异shear b8sins aIld are cormected with t}le ENE．NE-lfend；ng眈tensional b船ins，

respecl；velY．2)ney are conlr0Ued bv the NNE—sllb—lon西udinal faults ar．d have fo皿ed a啪saic
厚aben．Their subsjdence cemeI弓lies in tIle basin centers to lhe west and tIle tIlickness of the Quate卜

nary deposits．s in the ran卵of 200～800 m．3)The dips 0f the rn且in controlli“g fauIt8 decre姻e hDIII

tlle c即tral p8^s to the嘶ns of七he hasins蚰d t}le dip-slippi“g alo“g the ma画nal falllts is mom re-
咖止able，but st^ae耐山small an目e in d印ression a陀onen found，indicali”g a stro“g stdke—suP
肼ve啪nt along山e fauh8(Research cmup on Active FaIllls ar0IIIld 0Idos Block，1988)．4)11lese
basins were fomled in the哪lY Pliooene and the sub．1乱itudinal transver毫e sLnlc沁r怕have develo口ed in
t}lem．The strucIures undelwenI I℃cent rnoveInent and had offset the maior slnlctures．5)The extent 0f

tIle s￡rIlctur船and the stren舢of lheir movement are about equ且l to each other．
(3)ne seis面c actlvify aIld seism098mc strLlctures．Ir．all of history，no la‘ge ea曲qLlake h∞

been recorded in t11e TaiyIlarI depression in which t}．e Fenhe faIlll is located OIlly soIm intemlediate—
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slrong eartllquak∞0f肘≥5．O have occIlrI划．Butla。驴eartllqLlakes of肘8．0卸d肘7．0 0ccurredIn
llle Ijnfen ba8in蚰d tIle Yu明pi“g depression，which have siIIl；lar tectoIlic stIllctu工}e，朋d whem lIIe

seisrn0舭nic stmctur鹳an NNE．sub-longitu血lal nomIal stdke-slip faults．Is tlle real出m陀nce In

seismic dsk on tIle faIllts or do otIler causes exist?We gu丹弹t t．1al the seisIIIic^sk on the{hIllts叫y
be sh曲dy di丘jrent帅d not essentiaUy distinct，because the b越ins a工Id falllts a碑much simil缸in

quBli叫ve and qI瑚Ⅱtative鹊pects．However，the di￡ference is t}lat in situ recur咒nce inte州of la堰e
e毗hqllal【es is very 10ng趴d tIle seis商c acti“ty is clIaracte打zed by a v且riaⅡ0n of te。叩oral—spat“se·
quence．The耐ore，t}le seisIIlic dsk on the Fenhe faIIlt旺ists objectively and enough atten石on must be
D血d￡0矗．
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