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Abslrat,I-- Bnllle and plasltc dt,htrmaltc~n slrUclUres are c u m m o n  lealures ttl many well de,,cnbt,d bnllle..-duclde 
laull zt~nes ']'he,~e labrtc,., coextsl in Ihe Massawtppl Lake laull 'ztme (ML.FZ), a NW-SE  onenl t ,d  laull relalt,d Io 
the La Guadehtupt, laull m Iht, Dunnage  Zone  ol tht, Canadian Appalachians Kmt,malw analysts ol Ihe MLFZ 
tndtcales Ihal =l is a NW dtrecled ramp Ihrusl unde t lam by leclont¢ shoes ol mafic-ullramafic and k,naniltc rt~cks 
The assnctalton ol bnll le  and plasltc de tormal ton  slruclurt,s is well demrmslralt ,d wtlhm Ihe gTantltc rocks Bnllle 
lahncs include ~'alaclasllt,s and quartz hlled hac lu res  and mlerohac lures  Plasltc delormal ton =s supertm~.)sed cm 
hnllle lexlure,, Micruslruclutes arid t axis lahrtcs suggesl plaslt¢ and superplasltc rek'qmes ol delormal ton 
Analyst.,, nl coexiMing bnlll¢ and plasltc mtcroslrUt,lures ifl It,l-ms ol dt, lormalton mechamsm assooa l tons  rt,veal.,, 
mconstslenetes belween bnlllt, and duehle telalt,d condthons  ttl dt , lormalion Combined  wilh Iht, rt,k'qunal 
slrUclulal and melamttrphtc h i s l o~ ,  Ihts su£~e,.,I,, Ihal hnllle labncs are rehcf slrUClure,, preserved wHhm a 
predommanlly duclde .,,hear zone 

INTRODI.ICTION 

THe' coexistence of calaclastic and mylonttic fabrics 
wilhm a single l uult zone is hequently described in the 
hleralure (E=sbacher 1~71), Sibson Iq77, Gibson & Gray 
1985, Simpson 1~48fi, and others). It is generally inter 
preted as mdlcalwe ol a bntlle Io-plasttc Iransilion shear 
zone ( Rutler 198b) and allnbuted to a progressive phase 
of deformation within a single phase of faulting (Sibson 
1977, Walls & Wtlhams Iq79, Milra 1984, Gibson & 
Gray 1985, Simpson 198h, Stel 1980). More rarely, it is 
attributed It) different lectonic events leading to relict 
fabrics w|thm a reacltvaled laull zone (Flinn Iq77, Obee 
& While Iq8b, Gaudemer & Taponmer 1~87). How 
ever, it ts frequently difficult to distinguish between 
charactenslic labrics of progresswe fault-related delor 
mations and those associated wilh reactivated faults. In 
internal domains ot orogens with a complex tectonic 
history., superposilion of profoundly ddlerenl types ol 
fault rocks reqmres careful analysis before conclusions 
can be drawn on Ihe presence of any brittle-plastic shear 
z o f l e  

In this paper, we descnbe coexisting bnltle and plasltc 
textures and structures within the Massawippi Lake faull 
zone Detailed observations on the nature of the micro 
scoplc and mlracryslalhne textures, along with Ihe re 
gional structural history, reveal an inconsistency be 
tween brittle related and plashc related deformation 
mechanisms, which ts best explained by a two.stage 
history of the faull zone. 

GEOLOGICAL SETTING 

The Massawtpp. Lake laull zone (MLFZ) is Iocaled in 
the Dunnage Zone (Williams 1g7q) of the Canadian 

* Pubh.,,l'it,d wtlh Iht, permts.,.,irm ol Ihe Mintslere de I'Eneo..~e el de.,, 
Ressourct,s du Quebec 

Appalachians (Fig. la) In southern Quebec, the Dun 
nage Zone is made up ol Cambro.Ordovtoan rocks lymg 
between the Baie Verle-Brompton Line to the NW 
(Williams & SI Juhen 1982) and the La Guadeloupe 
fault to the SE (St Juhen el al 1983, Tremblay et al. 
Iq8t}b). Deformation and metamorphism were Acadian 
in age C['remblay & SI-Juhen Iqg(I) although some 
localities of northern Vermont record the =mpnnt ol an 
older melamorphlc phase (Laird el al. 1984). Acadian 
metamorphism in the area was at Ihe biotite-grade 
greenschisl facies (Laird et al. 1984, Sulter el al. 1985). 

The MLFZ is a NW-SE striking fault viewed as a 
lateral ramp between the Riviere Magog fault (Tremb. 
lay in press) and the La Guadeloupe lault (Fig. la) (St. 
Juhen & Slivllzky Iq85). The lault zone is well exposed 
on Ihe wesl shore ol the Massawippt Lake (Fig. Ib). The 
MLFZ is a tectonic suture (Tremblay 199(I) between the 
Ascol Complex and the Magog Group (Fig I) '1'he 
former is the remnant of an C)rdovtcmn volcamc arc 
(St Ju l i en&Huber t lq75 ,Tremblaye ta l  Iq8~a) and the 
laller is an arc related sedimentary basin lying along the 
northwestern side ol the Ascot Complex volcamc bell 
(Cousmeau I q88) 

T'he MLFZ is underlain by tectonic slices ol lelsic and 
ultramafic igneous rocks (Fig. Ih) Between and along 
these rocks shoes, there are lelsic red brownish mylom- 
tic schists and phylh-,nites. The prolohlhs are strongly 
folialed and folded albilic schists and fine grained volta 
inelastic rocks which crop out along Ihe norlheastern 
side of the laull zone (Fig lb) Rocks on either side ol 
the MLFZ are polydeformed Regional Iolds are coeval 
with an ax=al planar S,, foliation Pre D: delormation is 
expressed by a St schtstosity locally assocmled wtth Fi 
Iolds (Fig Ib) A lale NW dippingcrenulation cleavage 
(S~) overprints earlier delormation struclures 

'There is a smislral rotation ol F: tolds and S,, Iohation 
along the MLFZ (Fig. Ib). 'The regional I'olialu:m is 
progresswelv rotated and reonented parallel to the 
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Brtltlt' and plastic fabrics, Massawlpp. Lake lault z()ne I()lS 
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Fig 1 Lower hem=sphele equal area sleleographlc plols ol sllelch 
mg linealions, F., axe,,, and L,, Ilneal..m,,, along (a) =he AsLol Complex 

and (h) =he MLFZ See lexl Iol dlseuss.m 

M LFZ in both Ascot and Magog rocks (F=g 2). The laull 
zone dips to the NE and conta=ns SE plung=ng stretching 
hneations (Figs 3a & b), interpreted as parallel to the 
tectonic transport direction (e.g Sanderson 1973, Wd- 
liams 1978, Ramsay IqSll) Stretching hneatlons are 
parallel to those along the La Guadeloupe lault to the 
NE of the Massawlppl lake (L, abb~ & St-Julien 198q, 
Tremblay elal. 1989b), which suggests that the MLFZ =s 
a subsidiary lraclure zone of the La Guadeh)upe fault. In 
Ihe studied area, F.~ axes are rotated inlo a unimodal 
clustering close to the mean slrelching lineation (Figs 3a 

& b) and this =s altnbuted to the development ol'sheath 
folds (Qulnquis el  a l  Iq78, Cobbold & Oumquls 1980) 
Stretching hneattons, structural relationships and klne 
matte analysm of Ihe MLF'Z (st.e helow) mdtcale thai iI ts 
a faull along which Iht. Ascot Complex Is thrust toward 
the NW ovt.r tht. Magog Group (Fig 4) 

Allhough the aclual geometry o[ the MLFZ shows a 
relaltvely common style ol thrust related deformation, 
carclul analysis ol associaled textures and structures 
suggests a complex hisloW which could be easily over 
looked 

FAULT-RELATED FABRICS OF THE MLFZ 

W e  use Sibson's (Iq77) nomenclature to classilT, the 
various types of lault rocks within the MLFZ 'The terms 
'ductile' and 'plastic' art' used in the sense of Rulter 
(198h) and Shtmamoh') (Iq8q) and reler Io the mechan 
teal and mlcrostructural aspects ol' Ihe delormation. 

Fault related rocks h)und within the LMFZ vary I'rom 
brittle to ductile (Fig 5) However, most ol the MLFZ is 
characterized by ductile deformalion 'The mylontlic 
schist and phyllonite which I'orm a sheared matrix be- 
tween exotic shoes show numerous S-C fabrics and 
porphyroclastic tt.xtures (Fig. ha) at hoth the meso- 
scoptc and m=croscop=c scales. Sandstones ol the Magog 
Oroup are also slrongly sheared along Ihe MLFZ and 
crystal-plastic delormation textures are well-developed 
(Fig. ¢~b). Serpvnlinile rocks belong to the 'mcohesive 
serpentmlte' lypt. of Norrell el al. (IqSq) Meier to 
decameter scalt, blocks ol undeformed serpentinlte 
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¢lccur wllhin scaly sefflenlinite z~mes Serpentimle myh.i 
hi l ts (N~lirell e/ a/ IqHq) are locally presenl Faull 
relaled labrlcs =n granllw r~cks o1' the M L F Z  vary Ir¢~m 
cataclasllc I~) myhlnilic ( Fig %), and are Ihe h.lcus ol our 
sludy. 

BRITTLE DEFORMATION FABRICS 

Bnllle delormatlon labrics of the ML, F'Z are charac 
lenz, ed by calaclasllc slruclures (3ranllic rocks range 
trom Iraclured mJcrogranlte to calaclasiic breccia (Fig. 
5a) 'The prolohth is an eqmgranular,  fine grained (, I 
ram) granitic rock made up of quartz, plagu)clase and 
microchne, plus musc¢lvile, ep=dqlte and zircon as sec 
ondary minerals. Quartz filled mlcrofraclures are spar 
sely dlslributed (Fig. 5a) 

Bnttle del 'ormat,m prciducls of gramt=c rocks vary 
Irom prolocataclaslle to calaclaslle (Figs Oc & d). A 
fine grained malrix, containing grains of 51)pro and less 
in diameler, makes up to 5(1'~,, ol the rock w.ilume. 'The 
malrix cons=sis ~d' sencite and crushed Iragments ol 
quartz and leldspar. A variable amount of ferruginous 
and insoluble malerial is also present A crude Ioliat=on, 
mlerpreled as an incipient pressure solution cleavage, =s 
somel~mes visible in the matnx ('Figs 5d & e) Angular 
Iragmenls of graml=c compos=lion range m size Irom 
10i)um Io more Ihan I cm Fragments are mono or 
polymmeralic and are oHen fractured Most Iraclures 
are mtragranular although some are also tound Jn Ihe 
malnx Some Iragmenls show an internal cataclasl~c 
lexlure 

M=llimeler Io cenhmeter.wlde quartz veinlels form a 
dense network ol filled Iraclures in cataclaslw samples 
'These vemh.'ls cross cul the malnx and fragments (Fig. 
5a), but are locally found in cataclastlc particles (Fig 
he). Indural=on ol the calaclashc fabric prh'lr to vetoing is 
mlerred Irom lhe sharp conlacl between the hosl Call 
clas=tes and most ol the quartz veinlcls 

E',xlensive quartz veining is good evidence for hydro 

thermal a~.'llvlly ahmg laull zones (SIel lqSI) Veto 
hlhng in ca laclasiles can be derived by pressure s~ )lulirin, 
inlruduced during delormaiion by high fluid pressures, 
or assc,.'ialed wilh post klnemalit.' hydraulic fracturing 
((-;roshong IqXX) 'T'he close relationship between quarlz 
veinlels and the intensity ol calaclasls suggests Ihe pres 
em.'e ~1 fluids dunng the brittle delormahun Occur 
rence ~ll Iragments ol cataclasiles and quartz venns nn the 
cataclashc breccia ol the MLFZ indicates multiple stages 
of fraclurmg, vetoing and gouge formalion associated 
with Ihe cyclic development of the bnllle lault rocks. 

PLASTIC DEFORMATION FABRICS 

Intracrystalhne plastic delormatlon is found in both 
Ihe calaclasilc and mylonit ic rocks Al l  quartz, crystals 
observed in lault rocks of the MLFZ  are plasheally 
deformed even in Ihe cataclasites. ' l l ie nature and inlen 
Slty ot plastic delormatlon lexlures ol quartz are vari. 
able, but are all attributed to duclile faulting along the 
MLFZ.  

Plas/,' de/ 'ormat, m in catachz.~'lw rocks 

In cataclasllc r~)cks, plastic delormal=on textures in 
elude ubiquitous undulose extinction, deformation 
bands and deformation lamellae. A well developed 
core.and manlle slruclure (Whlte 1q7h) is visible in all 
quartz vemlels crt)ss.cutling Ihe calaclasites (Fig hi'). 
C)uartz crystals ol IlX)--~illll~m have core domains Ihal 
vary from 8() Io over .~(l()pm in diameter and are manlled 
by subgrams and new g r a l n s o l u p t o 5 0 p m  Dynamw 
recovery und reerystallizatlon are responsable Ior the 
development of Ihe core and.manll¢ slrueture (While 
IqTh, 1~7'7) Increasing .slrain leads h) an increase ol 
dynamic recrystalhzallon over dynamic recovery (While 
Iq'7'7) In the quartz veinlets ol the MLFZ rocks, new 
grams predommale over .subgrams and mdicale the 
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F'q4 ~ Hand!,kel~.'he!,~d ,,arnples Ir~wn l w u e n d  member  laul l  rucks¢~ 
Ih¢ MLF 'Z  (a) ("ala~..'la,,ll¢ (}l i;li.lrlllll.' l . l ,mposl l lon Quar lz  hlled v¢lrl,., 
are shown in hla~.'k (h i  (_i l ,J rll l l,' myh)r i l le .,,.,ti(.)wn in secliorl paral le l  Io 
I1i¢ '.,Irelehm~; [ineult~ri "l"hc mylunthc hdta l iun i.',, def ined I-,y al ler 
hal ing quarlz~ I¢ld,,palh,:  (whi le)  arid phyllo,.,ili~.'al~' (b lack)  layer,:, 
Shear ',,¢ri,,¢' i,, cledu~.'¢d horn ~ axl;, mea~,urenlenls ~,,hown =n Fig 8(a) 

predominam.e ¢~[ dvnam=c recrystallrzalion In m~~re 
detormedsamples, cures are made up ol , l i l/~m s,zed 
subgrams (Ftg. hi) Quarlz grams are eh.mgale and thetr 
h:mg axes define a I ol,ali~m plane that ~.'ross cuts the 
vernier margins, and thai ,s also crudely defined by 
Iractures arid parallel sertc=te and mus¢ovfle flakes 
outside the vemlets The eontrastmg plaslicity ol 
delormal .m withm Ihe quartz vemlets wtth thai m Ihe 
surrounding cataclastic rocks =s attrihuled to a h=gh 
propurtKm ol m~re compelent teldspar in the laller ( e g  
Schmtd IqN2, C)lsen & Kohlsledt lqS'i). 

Plasltc de]otmattott m mvhmtttc rocks 

The grantlic mylunttes are charactertzed hy a nbhon 
slruclure delined by allernalmg phyllostl~cate and 
quarlz(~leldspalh,c layers (F~g. 5h) Phyllosihcale 
domains (~1 scrncnle and mus¢ovttc range Irom I()() to 
30(I um wnde and quartzo L eldspathnc ribbons vary Irum 
l ess than2l i ( lBmuplo l  mmnnwndth More than8( l%ol  
Ihe ribbuned lelsic matertal ¢~mststs ol quartz Feldspar 
is present as large porphyroclasts, rarely an minute 
crvslaN, thai sh,~w evidence ot kinking and latttee bend 
mg (F'tg 7a) 'T'ulhs & Yund (Iq8'7) attributed th=s type ul 
l eldspar deh~rmalton tu the cataclaslic flow regtme 
whtch =s elleclive ,n feldspars up to mtddle amphtbol,le 
P-T~.',mdilions. S~mpson (198':,) found simdar I'abrics m 
leldspars Irom upper greenschtsl laches shear zones. 

Quartz gram s,ze varies Irom I(I t~~ 50 Hm within the 

rlhh~ri,, Smaller quarl7 grams (lenslhan ~/~m)art' h~und 
m phylh~,sd.cale rich rihl:_.ms where they ~Iten h~,rm an 
ehmgale m~satc i~l mier~,,.'ryslalline quarlz 'Two lexlur 
ally dl,slmcl lypes i~l quarlz rthhuns arc' r¢cugnized, 
th~,'.,e in which quarlz l'~rms eh:,ngale grams and lh(~sv irl 
which 01 l'(~rms equanl grains 

Rthh~ms ,~1 elongale quartz are made up i~t Mrlmglv 
dehJrmed quarlz cryslals thai range in stze Ir~m I()1o 2() 
/tm (Fig ?h) They h~rrr= large r,bh~ms with ucvasional 
I¢ldspar p~rphvrl~elasls. Quartz cryslals show a well 
deveh~ped gra,nshape ahgnment (Ftg 7b) taxi, ,  
measurements ,wer th,s quartz populatiem give a ,.;,ngle 
girdle c~ncenlration ol maxima (Fig 8a), similar I(~ a 
l ype l  gtrdle dlstrlhuttun (L, m t e r &  Wdham'., Iq'7q), 
which ubhquely cross cuts the hflmlion Irate The shear 
sense inferred Ir¢)m c axis mea,',,uremenls ,s con,',;islenl 

w,lh ,~lher kinematic mdicah'~rs (,_",'-C labrtcs, asym 
metrical p~rphyrocla,',,ts) I~mnd ah-,ng the ML, FZ The c 
axe,'., tabnc in Fig 8(a) ts dehned hy max,ma and submax 
tma near the ,nlerred Z and }' axes id Ihe finile slram 
elhpsoid (where X r~ parallel h~ the slrelch,ng linealirm 
,~1 the sample, ~' =s perpendicular h~ ,Y in the Iohaltrm 
plane, a n d Z , s l h e n o r m a l t , ~ t h e  A"~'plane) Aweaker 
suhmaxtmum =s developed near I' 'T'hm ,.'.; mlerpreled as 
ev,dence h~r hasal, rhomb and prmmat,c slip active 
wtth,n the quarlz crystals (Bouchez & Pecher Iql",ll) 
Rhomh and pr=smat=c suhmax=ma are attr,buled Io 
htgher lemperalure ¢ondttKms ot del~rmalion ( , 3~,()"C, 
Walls & Wdhams Iq'7q, Buuehez & P&her Iq81) T'h=s 
type ~1 ~.' ax,s tabrtc reveals a slrong prelerred ~.'ry,.,lallo 
graphw or=enlalt~m in response to a plasltc del,~rmalKm 
regtme (Sehmtd Iq82). 

Rihhons ~1 eqmgranular quartz are made up ol nearly 
rectan,e, ular quartz ~.'ryslals ol 2(l-.'5(Ipm grain stze (Fig. 
7,.') wh=ch Iorm campers=re rthbons separated hy Ihm 
layers ~t phyllosd,cates ur ~paque minerals Gram 
houndar,es show numerous triple paint luncttuns, rarely 
al 121r'. C)uarlz grams are stram Iree excepl h~r shghl 
unduh~se extmction Presence ul 'pinnmg' and 'drag 
gmg' mic'roslruclures (.lessel Iq87) poinl I('~ Ihe imporl 
anceolgramh,~undarymtgrat ,on(OBM,F' tg 7d) Long 
axes *)1 crystals are sub perpend=cular I,~ the nbhun 
margins (. ax,s orienlatt~ms are dtlferent trom Iho'.,e In 
r thbonsolehmgate quartz (Fig ~b), a poinl max=mum =s 
orthogonal I~ a weak gtrdle ¢~1 c axes 

In quartz rtch mylontles, a line gramed, opl=cally 
stram Iree, and equtdtmenstonal gram shape has heen 
taken Io ,nd,cale grain b~undary shdmg (GBS, White 
Iq'77, V e m m e l a l  IqS?,) However,s,mtlar micr~slruc 
lure,'., could be ohlamed hy .',;tal~c recryslalhzallon which 
wdl generally destroy the erystallographtc labrrc unless 
the recovery =s metadynam=¢ ( lessel Iq87), in whtch case 
=l could result =n oriented grain growlh m h=gh lempera 
lure lectonttes (C'ulshaw & F'vson Iq~4) In the equi 
granular quartz rtbbons, gram boundaries have nol 
achieved an equdtbrturn c~mfigural,¢m, wh=ch rules ,~ut a 
thermally a(.'ltvated slalic anneal,ng alter delormalion. 
II ao..'ommodated by d,shwat..m Itc~w, as ts ollen Ihe 
case h~r relatively h=gh temperature quartz r,eh leclo 
n,tes (Elher,dge & W,lk,e Iq7q, Kronenburg & 'T'ulhs 
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1'-~84) (_IBS ct,uld sltll preserve a cryslallograph~c ~,rten 
lalnm Equigranular quartz rlbb~,ns arc Iherel,,re 
allr=buted Io bulhGBM und GBS, the latter bemga=ded 
by Ihe presence ,.,t thm mtca layers ahmg some ol the 
quarlz boundaries which results in a decreusmg mtensil V 
, , la compc, nenl ol the,' axis labric (compare Figs. 8a & 
b). Sinnlar cuncluslons were reached by Stmpsun (Iq83) 
h)r Ihe duclile part ol granitic shear zones ul Ihe Maggta 
Nappe in Swtlzerland 

DISCUSSION 

('axls preterred onenlaUons in quar tzole ldspathtc  
mylonites of the MLFZ point t,., the impurlance ol 
dislocation creep us a delormatton mechanism. Micra 
slructures and relaled (' axis I'abncs are interpreted as 
the producl of gram boundary migration and shdmg 
Experiments periormed by Drury & Humphreys (Iq88) 
show Ihal GBM and GBS develop together at relatively 
high temperatures, when deformation is slill predoml 
nantly accommodated by intragranular dislocalion 
creep. GBS ts often equaled with a superplasltc regime 
of deformalion (Boulher & Guegen 1075, Schmtd et al. 
1077, Behrmann l~85, Groshong Iq88) Our inlerpre 
lalion ol lextures and crystallographic labnes observed 
in mylomles from the M LFZ (Figs. 7 and 8) suggests thai 
Ihe strata condilions lot superplasllctty were present 
within Ihe lault zone. c axis ortenlalions in nbbc, ns ol 
equlgranular quartz are viewed as altered impnnts ol 
those Irc, m ribbons of elongale quarlz (Fig. 8) It has 
been argued Ihal a fine gram size (. I()/.tm) is necessary 
h:,r GBS Io occur (Behrmann It~8~). However,  Schmld el 
el. (1~77) stressed that superplastic flow is mainly 
dependant on slrain rate and temperature t i e  super 
plaslicily ,,tours al larger grain size (11) - I(111 i/m) at 
higher temperatures). Superplaslic deformatmn in 
quartztle is normally associated with crystal.plaslic 
strain at temperalures above 250"C (Behrmann 1085) or 
4(H)"(." (Schmid ,'t al. 1977, Ethendge & Wdkie 1'97q) 
Boullier & Guegen (1q75) staled thai a temperature 
limit ol T'/Tm ' 1).5 (where 'T'~ is the melhng tempera 
lure of lhe mineral) is necessary. This is confirmed by 
Drury & Humphreys (1~88) where 7" = ().O---I) q Tm 

The occurrence ol plastic delormat=on overpnntmg 
the quartz verniers =n cataclastic rocks is worthy ol 
discussion. In bnltle-plastn: shear zones, calaclaslic 
delorrnahon frequenlly succeeds a dominantly ductile 
delormal=on (Brock & Engelder 1077, M=tra 1984, 
O'Nedl & Pavhs 1988), although the reverse is also 
descnbed (Segall & Simpson 1980, Simps,',n 1qSt,) 
Plashc aver brittle del't, rmat=on can be a l tnbuled to an 
increase =n confinmg pressure and/or vanal=ons =n fluid 
pressure (Simpson 1980), it, a pre existing Iracture de 
pendency for the onset of ductile shear zones (Segall & 
Simpson 1980), or to I'aull reaclivation. 

In Ihe Massawippl Lake area, leclonic movement 
along Ihe La Guadeloupe  fault cuuld be inlerpreled as 
the cause I'or an increase in confining pressure This is 
considered as an unlikely mechanism because the MLFZ 

and the L.a(_iuadeh~upv laull aresvnchr,,n,,us Hence, 
lect,,nit.' L,verl,~ading ass(_,t'l;Jtecl wntfi the L.a (_iuadeh,upe 
lault would be balanced hy leclnnnc m, wemenl ah,nglhe 
MLFZ Fluids play a n i m p , , r l a n l r u l e m t h e r h e u l o g i c a l  
resp~mse ul rocks A decrease m fluid pressure could 
resull m an increase ~1 b, Jth the strenglh and the ductdltV 
ol Ihe r~,ck (Simps~n lqS~). In the MLFZ, mosl ol the 
vemlel emplacement occurred aller Ihe Iormation ol 
calaclastic breccia (Fig. 5a ) which sh,,w,., n~l evidence Ior 
Iht' presence of extensive c,.,nlemporarv fluid clrcu 
lali,.,n In quar lzole ldspalhic  rocks, calaclastte senes 
r~,t'ks usually h,rm al h,w temperature (. 2.'51r-'c'), heh:,w 
Ihe greenschist grade ul melamurphtsm (Walls & Wd 
hams IqTq) The hypothesis retained here is thai the 
plasllc deh.,rmalion is kinemalically unrelated Io Ihe 
bnllleness ol the fault zone 

Srgmlicanc,' o/brttth' ,rod dm'nh' fabrics o/ th, '  M L F Z  

Stbsrm (1~77) attributes the coextslence ~I bnllle and 
duchle fabrics within u smgle laull zone h~ lexlural 
vanaltons relaled lu lhe structural deplh at formahon 
Ducltle fault rocks cuuld be uplilted to higher crustal 
levels, lhus permtltmg myh.mitic laull rocks h) reach the 
bnltle field ol del'~,rmat,on This tmphes lhal, in the 
loolwall ol a [hrusl such as the MLFZ,, brtllle delor 
marion labncs are supertmposed on plastic labncs Thts 
ts expressed by the presence ~,1 catuclasttc rocks partly 
made up ol Iragments m which duclile labncs are pre 
served (Stbson Iq77, (-hhson & Gray IqSS, Slel lqS0, 
O'Neil l & Pavhs Iq88) (-)hv,,,usly, this model cannot be 
appl,ed I,, lhe MLFZ 

Anolher mudel allrthules labr,c helerogene,ttes to 
variable struclural responses across Ihe laull zone ']"he 
m,,del predicls Ihe exislence ol a dommanlly ducltle 
decollemenl zone hordered by less deh,rmed country 
r~,cks (Etsbacher Iq7(), Mtlra IqN4, Simpson I~gh) 'This 
model ts mcumpahblc with the observed struclures and 
lextures, and with Ihe geometric relalionshtps of re 
gional delormatu.,n assoclaled wllh the MLFZ 

Figure q shews the operalive defurmaln.,n mechan 
,sms in a stress-lemperalure field diagram compiled 
Irom (3roshong (Iq88). A del~,nnalnln mechanism 
association is dehned by del,',rmatnm mechanisms active 
under the same envtronmenlal condllt,,ns in the same 
r~,ck lype Various ass~,emlt,:,ns are here divided mlo 
low-temperature (fields I-Il l  ) and moderate 
temperalure regimes (fields IV and V) ' l~e Iransltton 
Irom h,w I,., muderale temperature regimes defines Ihe 
lech.,nlle llonl ('TT', Gr,,sht, ng Iq88) Groshong ,:,t al 
(1q84) Iound Ihts transtlion Io be at ablaut 1'7~"C 'T'ran 
sltion belween fields IV and V is here defined as the 
superplasttc Iront (SF') which is als,, lemperature 
dependanl 

F'abncs I ound in gramtic taull r~,cks ol Ihe MLF'Z 
indicate that Ihey occupy fields II, IV and V (Fig t)) 
Cataclastic rocks of the MLFZ t',_,ntain a well developed 
network of quartz filled traclures and intragranular and 
nnlergranular mlcrol'aulls leading t~p cataclashc crushing 
(F'ngs. 5a and Oc), whnch places Ihem wnlhnn field II (Fig. 
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9) Environmenlal condil,.ms tor cataclasis are thuse ol 
Ihe elaslico Inchonal regime (Stbson Iq77) which corre 
sponds Io metamorphic lemperalures and pressures 
lower Ihan the g, reenschisl grade (H,~use & Gray Iq82) 
Cryslal plastic delormation seen .n the quartz vemlels 
musl originate from mechanisms characteristic ol field 
IV (Fig q) Inlracryslalhne plasticity in quartz crystals is 
not activated al temperatures below 25(l-3(1(1"C" (e g 
Walls & Williams 1979) and there =s no evidence Ihal 
dislocahon glide will permit large strata belore and 
during calaclasis (White IqTb). Textures Iound in mylo 
niles of the ML, F'Z belong to fields IV and V (Fig q), as 
shown by well-developed cry. stallographw labrics (Fig, 
8) and grain shape prelerred geometry. (Fig. 7b) as well 
as GBS and GBM microstructures. Moreover, textures 
found in feldspar grains valhm the mylomles are mdica 
live ol a completely ductile bulk rock behavior which, 
according to Simpson (1985), is effective when leldspars 
begin to undergo plastic deformation at a middle to 
upper greenschlst lacies range of metamorphism. 

II all these structures are related to a single faulting 
event, the dominant deformation.mechanism associ- 
ation lot quarlzo feldspalhic rocks evolved gradually 
from field II to field V, i.e. from temperatures • 1'75°C 
up to temperatures over 25('}-30()'~C. As the regional 
metamorphism ts at greenschtst grade ( ' ,  3(K)"C, Winkler 
1979), ,l =s =mprobable thai cataclastic deformation ol 
field II (," 15O"C) was developed at this metamorph=c 

grade Cataclasls musl have preceded Ihe burial ol' these 
rock,s More, wer, slruclural analysis nl Ihe area suggesls 
lhal the M L F Z  isa svn q~r a late metamorphic laull zone 
and there is no ewdence Ior an exlenmve relrograde 
metamorphism along the faull zone 'Therclore, iI is 
unsuslainable Ihal the youngesl I'aulhng event along Ihe 
MLF'Z began al lemperalures below greenschtsl grade 
Thus, we suggesl that ealaclashc labncs Iound wilhm Ihe 
MLF'Z are rellcl textures preserved in Icctonic shoes ol 
granitic rocks within a predominantly duclile laull zone 

' l~e existence ol rehcl calaclaslic labncs within Ihe 
MLF'Z does not necessarily poinl to a lault reacllvalum 
htslory Calaclamles are not restricted to malor faull 
zones ((_3roshong Iq8F¢). On the other hand, the ML, FZ 
and olher structural lineaments of the Ouebec Appala 
chlans have been suggested to be the locus of Tacoman 
or Acadian slrike slip faulting (Gaulhler el ul 1989). 
However, the kinematic analysis ol the MLF'Z indicates 
thai it is an Acadian oblique,sl ip thrust I'aull 'l'remblay 
& St-Juhen (Iqql)) argued thai 'T'acontan delk~rmalton 
within Cambro Ordovician rocks o1' the Dunnage Zone 
is minimal and restncted to accrellonary processes 
wdhintheSt  Danml Melange (Fig la) .Weslo f lheBate 
Verte-Brompton Line, intense Taconlan delormallon is 
Iound and is a l lnbuled to the subduction of basemenl 
and cover rocks ol a C'ambro-Ordovlcian conlinenlal 
margin (Stanley & Ralclifl'e 1985) Doolan el al. (1982) 
have proposed Ihal an oblique collision along an irregu 
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F~t.'. ~'~ S~.'hemahc dclornrallon mechanisms assoCmllon d~agram lot quanzo teldspalh~c t,~cks compded hom Groshong 
(ll.~HS) E.ach ass,~c~alion (I-V) ~s dt, hned by Ihe acllvlly ul spec~hc delormallon me~hamsm.,, (,,ee lexl) F'aull r~)eks (~1 Ihe 

MLFZ I'wh.mg I .  helds II, IV and V 

lar continental mar~qn could explain variations m folding 
and faulting styles hi' rocks of Ihe Humber Zone Th,s 
~n'egular margin get)melry could have been juxtaposed 
againsl lecionic traclures and disconlmuil~es wHhm Ihe 
oceanic doma,n (Dunnage Zone) Mull~ple 'T'acon,an 
slages of Iraclunng and veining have been recogmzed 
w~th,n ullramafic and associal~d gramtic rocks ol Ihe 
Asbeslos and 'T'helford Mines ophiolilw complexes 
(O'Hanley Iq87). 'Th~s brittle behavior is probably 
assoc~aled w~lh Ihe Taconian leclomc accrcl~on and 
obduclion ot oceanic crusl-manlle. It ts also s,gnlficanl 
thai almosl all Ihe gramlw hodies found wHh serpcnli 
niies along Ihe Ba~e Verlc-Bromplon Line are briilley 
delormed (P. SI Juh,:n personal commumcalion) Con 
sequenlly, we Ihmk Ihal ~l Ihere was tault reacHvalion 
along Ihe MLFZ, Ihe earlier event could be inierpreled 
as an C)rdovic,an oceamc Iraclure acl~valed prw~r and 
during Ihe 'T'ac~mic orogeny 

CONCLtISIONS 

Faull rocks ol Ihe MLF'Z show dynamic mconslsien 
ties wh=ch are besl resolved by mlerprelmg them as Ihe 
resull ol mulliple stage faulling. Cataclast=c rocks be 
long Io a 'bnllle-framework delormain.)n' field charac 
lensi,c of an elaslico tnci~onal regime below greensch~sl 
grade. Myloml~c rocks show microslruclures and (" axis 
onenlal~ons characlerisl~c ol the 'leclonile' and 
'annealed tecionile' field ol deformation Myloml~c lab 
ncs were developed under plaslw and superplaslic con 
dil,.m of slram ,n m~d Io upper grecnsch~sl grade of 
melarnorph~sm. 'The regional slruclural and melamor 
phw h~siory ~s cons~sIcnl wilh Ihe derormal~mal regime 
and delo[mal~on mechamsms Iound m mylomlw rocks, 
bul is inconstsleni wHh Ihose found m calaclastJc rocks. 

We therelore conclude Ihal quartzo leldspalhw laull 
rocks of Ihe MLFZ conla,n coextsling, but unrelaled, 
briille and plastic fabncs "l"her~' is much more to learn 
aboul del'ormal~un mechamsm palhs and Ihe rehabdily 
and slabil,ly of torch,structures (Knipe IO80), h~wever 
we bel,eve thai Ihe inlerprelalion presented here is a 

valuable way lo analys~ other so.called bnille-plasilc 
Iransll lOn shear z()nes, 
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