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1 I ntroduction the deep fault environment, i
the deformati on mechani sm of

The Longmen Shan Thrust ®&ynddmi(cL M&Tc)haing sm ofajtore L MST
earthquake fault zone i n t hTehreeoacskt emangnmarigi profpetrheé esi b
Pl ateau (Li Y et al ., 200 6a,moent s marygest, alnd, dd>m&7 N ki a
et al ., 2008) . Foll owing tahe er6808bWealhnges eian t hhlgusaikeqg
the LMST has become an i mperganttamgear aotfurge o sscheeanrc,e al
research (Jia et al ., 2006,aulit HeBorematailon (2F0uOk8u;c hXuy &
2008; Zhang et al ., 2008; Tiety at. al 20120 Mma@2@h.i el h eflcdf
Wang et al ., 2015, 2019, 2m0e3ff edotwiewee r f ooth lesrti uddgyni anpyr ot pf
mechani sm of the LMST andandesenathgobkéametthaonss; sp
of the Wenchuan earthquakehraeamaisni comagoegeriresi pt o€ tair &
and Royden, 2000; Burchfi@oroetdal .an 20MmPppr Haimtb a rbda sd rsd
Shaw, 2009; Fu et al ., 201dEkf oGemakeitoml mec RaOMi3sym odfu ef atud
l ack of understanding ofmethanidcdemsp ( Mitghiichmauret anhd, 2
physicochemical propertie202Xnomwdrerd@eetotfal Zha2@fldytl t2a0:
environment of di fferent Re0@t4h)s. i Nwu ntelreo uls MSTe,t reod ppegdical d
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have been condutBeedc hamnt He lneit nlgvSnte f or ms the structura
(YBFZ), which formed cosei §mibetsawmr fPalcact erauptamae st dar iSng ht
2008 Wenchuan earthquake. TM&STcha&r adtOdr iksrt ilcosn go fanfdauld  k
combinations, microstructoahes® @gSWNE d enldii gnly fmeawlnte tiizo nes
susceptibility (MS) in the Mawtxdramp faanud tb ozrcerhen,l et Atexri¥aBnF Z n
that the YBFiZpifaaltstzaohke fwaulht fzemeeDehamgee et al .,
earthquakes (Zhang et al . ,ZmRaOnMg ; etLi alktt, aR0P820F3; eReial
2014a, b; Wang et al., 201%&an30k%, a2019;202Mang Tehtr eael .f,a u
Pseudotachylyte veins are ffoumedniats ,di ff ememwtesdeptohse afs
the shallow surface to theunddpth BRBrfec-ambrkinnni n rmetea nYoBrFp
(Wang et al ., 2015, 2019, (2C22IFeslmamgi et BOrmawrioddsy . arl
parti al mel ting of quartzthex8a®xi mng olp mpaleax )iplygTreiva sad i
pseudotachyl yte veins i ndXwcjait ®het fFatr matthiheon L MSa@ndhdashe J
experienced frictional heatitngalt.emp20@6 ur &3 oH Bpeto adlct
(Zhang et al ., 2018, 2021 ,wermethbyan Reakt mgga&ei cocporuo preerdt
and microstructures of psepdotdachyl ytoes ev esinisc rsewrefadc ea o
reducing seismogenic envirammendt0O ukndeal ove g k t hig d RiBtFhZe rfaaad!
fluid action in the YBFZ ( zlmareg ate sale.c,t i2v0ell8y, (2Mi2¢.) .1b)
Notabl vy, fault gouges and0d&ullti bY eetci als. ,at2 0diof;f eFue n
dept hs have di fferent roclkarmaoguatkiec Fpuloppe®ci est-2 fHaculD
gouges and faul't breccias i tr olmctahteedout or oBpajamd ms mal | Vi
borehole cores of the YBFDuhawegVawecCi Mp, vEi calkegsan h@mov
their wal | rocks, Il i kel y 2b2e8c3a.ussbe mo fa nldy d rod taH e rcnoarle  fl lewi
infiltration within shall owasfaeltti eoveaedsabowe badaume (Z
have not been subjected at o, t2h0et3mak WkhSee ndtese pavs t hbor e
temperatureid0O@bov¥¥anr@5bet plart 2012tahe bLMST i n t he Pen
2016; Liu et al ., 2016) . Fcarud st s egso utglee aX B R 2h,e adredp tiht oifs 5t
m i n theke WNISDs, and i n a sphraofliolwe ttrhernocuhg hn etahre tLhMS T a't [
surface rupture zone of t lhie HNeB céntu aanl-2 e, & rddrOelesdu) e ko efFrShDa &
hi gher MS values than theiuniwal | frroark st,opl itkeel lyo tdtilem:t oP
neoformati on of ferrimagn®99.c31mimer atlhse &KuwrjiilrAdh & .1 A9 gma
earthquakes (Pei et al ., ReOngdgouy,anL imaf e tl 6&7dOc kbsl 2(61ML251) 1t . h4d9
neof or med ferrimagnetic mkF o emat iso Al &1156.7498. Mg nhe Penhgg wan
pyrrhotite) indicate >500(1ca268B8mdd fm)i,ct iammdal t he atXu
(Liu et al ., 2016) . Mor e o(v2elr8j2 2t8Be 5@bmye (Ehandgest fal.u,
mai nly on the shall ow sur ftaecce ofna wcl tf rzaomeevo(r «1 C00F0 tnh)e, LaMm
knowl edge of the physicochemrcahbt pd opkrusessliodéetdseepeys
fault rocks (>10000 m) i §allac kised.s Dlie tihef lauletnecrenaad fi 1
meteoric fluids makes it dCdrmplcat tt Hroustsihrad | @mmw tila |l lt atrea
provide the mo s t di rseecits md ei stnhoe@ ewtH&De & n  Wgpmogs tet al ., 2
environment al i nformati on @dmptlheex ,f afud rtmezdo ndeu.r i A gf aNuelotp rzo
(Fz 1681) devel-dpedr e n dth emaWh& |t hofofgr ani t e, di orite,
166816d9®8. 66 m is charactediizéedl bgi eahiacfk tlhaey exXtusj i @athe Fo
fault gouge and fault b rsiclctisat.onlet muosi des, vahalad, e
materials for invlkemigal ipgopdldpagastie.o The f2Zaudor asockr
of seismic fault zones at mnaipntlhys pseatetathwpyhyttp0 frauilr
YBF Z, which are |likedderleeatatfasitted, bynd ufradulcte brecci
fluids. Therefore, rock magFnZelt6i8cl sitsu de xepo-2efd o rhees tf latu | WVE
at depths over 1000 m carl6b816u%Bed6o 6t omdét-Fémgmi n2a)t.he Tt
deformati on mechani sm of tdltearYdBdtZerainded hdysePesmpgean c C
environment of | arge eart hlamadiesg wal l and Late Triassi
Her e, we present t he r esfwlottswabf . t ilke rmaikn nfaagunlett ircq c |
mi crostructural and geochetmieadi oar opbPlegti 2-apof EZNLEBEZE Yy 6
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magnetic response to |l arggoegqethguakes nantiedseteaendi s8gd
the physicochemical properbrecciod (I Aahragreg eeatr talq.u,a k261l 2)n.
deep fault zone. 2b, d, e) and consists of ¢l a
and grains. Foliation i s evi
2 Geological Setting breccia is black and consi st
fragments that retain the <c¢h
Located on the eastern mamgikn (&fi gt he@bTi bgtam®r Pmat g au
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(a) Lithology dhada@ ror ( l)e pldebgslt .HOEHE7 Pne:8 Of. 261t gouge anid68a6I m: bfaatt a;
breccia; (djl6dBe2p t6hss nl 6 8bll.a8c5k f a uillté 8¢/a WORe ;m: ( €)aud @ p tghe Y®&R:8 §f.fQWI d e btrlresc -1 6
ci a; (g) de®IThs73A69VamdBstone, with several mi nor fractures.

Table 1 Lithology, sample locations, and measurements

Number Sample Lithology Depth (m) Measurements

1 S1 Fault gouge 1680.6 XRD, Magnetic hysteresis, FORQ4PMS

2 S2 Granite(breccia) 168120 XRD, Magnetic hysteresis, FORQ4PMS

3 S3 Fault gouge 168223 XRD, Magnetic hysteresis, FORQ4PMS

4 S4 Fault gouge 1686.44 XRD, Magnetic hysteresis, FORCs

5 S5 Fault gouge 1686.95 XRD

6 S6 Fault breccia 1690.28 XRD, Magnetichysteresis, FORC8/PMS

7 S7 Sandstone 1699.53 XRD, Magnetic hysteresis, FORQ4PMS

Magnetic hy sotredreers i sr,ev efrismaelad s ucruerdv ey a Quantum Desigr

( FORCs) -apdipelroavt ur e i sot hMgamsaur e meman&Syscd® mK ( MPM&BY a lad
curves were measured at sthesi tkKevi t¥mibsafeartod diy t@od!l ed ( :
Pal eomagneti sm and TectonikEi eRecoaosohredti &) Miumivsetsr yweorf
Natur al Resources, I nstit staenploé iGeoanezdrami tisel dChd ma sier
Academy of Geol ogi cal Sciler8c eks,, rBeesipjeicntgi.v e Mg g n d&toirc t he
hysteresis and FORCs wereremanened WwWgs agilvaekne iShoar e2 . 5
8600 Series Vi brating SampmaeneMagnef o mampl es Twaes me a s
sensitivit3nMiands5thel Mm& xi mum8 alpptld edd00 K in zero field
field is 1 T. Di amagneti c comdwiaprgmiannga gnertviec acfons at buat io
are indicated by the sl opet hoef stahrep | ma guaest ifci rhsyts tneargenseitsi z
above magnetic saturationat wdDohK, anhebne croeorhcewe d obyl . 8
applyingi eal dhiglhope corr ecthetant eadb ofvreo n¥ 01% 80 fK tthee 300 K,
maxi mum field. TheM)satsuatadimems oreemh ntemceudhout this proc
magnet iMgat isonnd (BY e weir wei toypt ma qureat ibtye , and hematite ar e

subtracting t he par amagnectriycst alolndgr dphii o hdh akkedl 2@mes,
remanence Bgloewas vobtyaithieel #d3d mKbacé&spectively (Ver wey

remanence measurements. Dunl op, 2010; Horng and Rober
Lowemperature i sot her mal remanence curves wer e
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