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COIIPLEIE F}BIIC ANALISIS OF SOME COUT1oNI,Y OBSIRVED QU}RTZ C-AXIS PA$TERNS

s. M. sctutd and t1. Casey

ceologtsches Inst1tut, ElIl-zent!m, c83092 z!!l.h, Srltzerlod

!!eEeg!. The lesutt8 of a cdplete fabrlc
aElysis based on natulally defomed qualtztt€a
suggeEt that sflp in tne crystalloglaph1c <a>
dl.ectton ddlEtes over otber lbssible sllp
illrectlonA. stlp on the flrst order pllsns, tne
posltlee ard neqatlve lhmbsr and the basal
plde a.e tnferled flon t-be fabllc ahfysls.
urequal sltp actlvtty on EbEltlve and negatlve
rhdba !E tnterpreteil to be prinarlly !e6tDns-
1ble fo! the prefelled orlentatton of tnese
foms, vltth the help of a calcdatlon of tlle
o!lentatlon dLstrtbltlon !u.tlon (oDF) *e
p.orD6e aD lntelpretation of iple flgures for
tne c- and a-axes tD te6e ot actlve sllp
.yst@s, the type of fln1te stla1n and tbe
ktnenatlc frd4o!k. A co.slatelatton of the
oechantsE of lattrce ledlentatton 6uqge5t.
that both lnhdogeneous defomatlon and 6yntect-
ontc reelystalflzatlon ptay an lnportant lole lD
esrabl15lt1!g favou!eit crystal orlentatlons for
easy sllp lD progr€sslve itefolnatton.

Introductlon

In prlnclple the anafyEls o! cfystallographlc
prefeEled or lentat loG (refel led to a6 fabr lc tn
rhts 6ntr1but10n) is of comlderable tntelest
foE the st.uctural geologist. Thls 15 becalse
fabllc develctnent ls qovelned by the foll@tng
th!e.  factolE: (1) the act lv€ defomat lon
Decbanlsos, (2) the shape of the flnlte stlatn
elllpsord (obrate' pfotate' prse strain) anat to
sooe extent arso the stlaln naqnttuile and (3)

t}re straln lEth oE klretratlc ardaolk (a ehort
dtscuEslon hay be found 1n schDid !9a2). The
lnfllenc€ of these factors on the fabrlc of
quartz .ochs has been eell d4onstrated by the
rork of l16te! and co-authols lriste! et aI.,
19?ar LlsteE ald Patelson, L9?9; L15te!  and
Eobbs, 19301, sho sere able to calty out
c@puter slnulattoG of fabrlc devefolment tn
quartz dutlng plastl. deforhatton based on tne
Tayfor-B1shop-Itllf nodet. It 6hould be tneoret-
lcafly posBtble to go tn the other dtrectlon dat
aleduce the tole of the thlee above nenttoned
factols durlng defornailon on the basts of the
reasuled fab!1c. nhat nakes the fabltc lDterpret-
atlon vely dlfflcuft 16 the fact that all these

hatn factols co.trlbute togethe! to the flMI
patteln of ure fabrlc and It tE extroelv dtffl-
cult to 160l,ate ttle lnflueDce of each of the

rhe dlafi.culty in the tDtelpletation of
fabrle 6uld be partly overcde by nore rork tn
eaperldental rock defortratlon. ID the .ase of
qualtz vallabte tnfornatton ts avalfable f!@
rhe vork of Tu1l1a et al,. [1973] and Green et
aI .  [1970].  rhe l tn l tat lon of  th16 expel lnentaf
lnfomatlon lles ln the fact6 tbat cfasslcaf
tock defolnatlon experlhenta produce only obtate
slraln elllpsolata and that tne atlatn lEth ls
ext!4ely stnpfe (co-axlal flattenlng). For
te.hntcal rea.oDs lt 1s vely dtfflcult to
lDvegtlgate eapellhentalfy the lnfluence that a
dlfferent type of flDlte Ftraln ud a dtffelent
stlatn lEth (e.9. sthple shear) Dlqht have on

A second apploa.h to the probl4 is that
chosen by ltster &d co-volkels lLlster et al.,
l97al and by Etche.opa! [197?1: a tr@erlca]
stEula:1on of fab!1q devel<4aeDt based on a
partlcular physlcal hodel. rbe nodels used for
tnls stnulatton sork bave to be sltrple ed
somdhat t4ote fr@ leality. lbelr direct
appllcablllty to EtuEe 1s ]iDlted.

I r  th ls €ntr ibut lon re Eare an at tqpt  to
tntelpret qualtz fabrtcs dpllIcalfy by eklng
use oa the iD5lght6 galled fr@ exrErinental ed
slollatlon sork. Ihe ldea ls to calry out
.@Plete fablrc analyBes by neans of eery
tedlous x ray sort, because tne lnfdnatlon oD
one cly6tal dlrectton only, tuely the c-axtE
tlltch can be tole readlly eeasured on a
ulvelsaf 6tage, 13 t6 restrlcted. lle rlfl
shd, rlth the belp of thls addltloEl lnfolnauon
on othe! clyEtal dlrections. hd the uile!-
standlng of c-ax15 pattern. co be lrproveat.

c@ptete fabrlc aDaryses for partlcular
c-axtE patterna are atleady avallable fr@ the
volk of 3ak.r aal wenk [1972], rese and trenk
It9?71, Rteker6 and Bake! [ I9?7],  toucbez et  a l .
l19?91 aDd sclnld et  at .  l r93rbl .  r .  thrE
contrtbutlon ien !€plesertatlve 6pec1lens rele
eelected for ittscu5glon. They are .bosen out of,
a nuch large! nhbe! of 6p€c1frens so far
dalysed ln ou! laboratory.
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rhe tbte flgule6 for ntne lette.ttons rele
leasuled slt! a aut@atl,c x lay textlle
gont@ete! opelatlDg 1n c@blned leflectlon and
traelaslon iod€ l$rililan6, 19761. lhe rlst of
lefl.ctlons oaeat and the relatlve lntenstty
cort!1but1on6 of lDsltlve and regatlve lorDs
pltn the 6ee il-6pac1ng Eeil for the calculatlon
of the oDF are glveh in table 1. Qualtz has a
lDlnt gloup s!@et!y o! 32, but itue to Frteitel'!s
lae it has a dlfflactlon almetly 3n. In a
tDvde! dllflactloD tDtteln' hd€vert the
apFarent syDetly Is 6/!m. rowledge ol the
structule factors lsn1th dd aleEndelr 1953],
nevertbeleas. afl46 the calcuLattoD ot an oDF
and oI jnverse rEte rjglres urth the 5t@eE!y 5D
laake! et aL, 19691. sepalate tple flgules fo!
poaittve and regatlve fons (ftgu!€ 4 ad 5)
can be cal,cu].ateal fr@ the coefflclenta of the
6er1es expanslon of the oDF although the
neasureat lDle flgures resuLt f!4 the
cont!1butloD6 of both tDsltlre and negattve
folrs Icasey, 1931].

the lbfe flgures sere Deasured ln a step acan
vlth 5' lntenalE !n leth the alq]e of tllt and
of azhuth. A iotaf Dea6u!1n9 tide o! about 2rl
hr6. vas lDvesteat fo! eacb lDle flgule.

Not all the Epectsen6 anatyBett are
uonoDlDeratlc. In the case o! speclben6 R 405
clar 133, and cran I25 atl Dlreral8 ot}le! than
qualt, ,ere dlesolveil t!@ a thlr Eectlo! u61n9
a eltlca Eatulated hydlofluoltc acld lierrlch
and stalkey, 19791 Ln order to r@de all
dlflractlon peata ottter tha thoae of quartz.
Thls sectton paE theD u6ed fd both tlanetssion
ard reflecllon sco6.

For the itata p!oce651n9 a ser ol coDpute!
plogr&a ile8.!1beit by Ca6ey 119811 eas uaed. The
calcuiatlon o! the oD! foffd6 the natl4atlcal
Dethods outllned by Buge 11969l and the reade!

sfdl-llar ,1tI the data plesentatlon 1n the
fom of e oDF iE letelleat to Bbse [19691 anal
lunse od wenk [197?] for s extenalv€ ale6c!1lF
tron and to scboiit et aI. [1931a] for a sbolt
lntloductlon. Ihe co[vstlon ol Eu.ler egls
Eed lE that ite6cltbed tn ca6ey ll9l1l.
Ihe sFclDen leferenqe Er'st@ ha8 tbe x-axj,s pe!-
peDdlcula! to the loflatloD dil z 1n the folia-

ffih
$;. : l ; t r
\{

ffiffi
Ptg. 1. Xeasured lofe f1gu.e5 fo! tbe second
o.de! pllss g {!l20) and tne c@blrcd lefrec-
t lons t r@ rbst t j ,ve and negar l le rh6ba r  ( Io i l )
atr.t z (0111) EeslEctlvefy. Slnce slEcllen
cran 133 ta tbtyrtG.allc lt lepre6ents an
exaple ol atata rlth a lelatlvely poo! quallty.
PT 463 la a repleaehtaBt of htgh qlatity ilata
obtalmd wltn lo'MtrelalLc Dateilat. |Ihe cont-
our lntervala a.e at 1.0 ( clan ta3) and 0.5
{sr 463) iD temg of a 6j,fqD d16t!1button.
stlppled areaa bave a ilenstty o! less the 1.0
aDd 0.5 lespectlvety.

r&z
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Flg.  2-  x1c!o9!aph6 of  rhe anatysed quarrzt te spectnens. a:  cc t ,  b:  R 405, c:  p 243, d:  c 156,
e:  G.an f33, f !  P1c i t63r q:  Rr,8215, n:  sE a5. 1:  RL 9330, k:  c lan 125. Ftgu!€ 2i  i t lusrrares t fo
perpendl.ufar sectloDs nomal to rhe totlarlon, paraue! (left) and perpendlcula! (!lqht) to rbe
llneaeron. For all itle other slEctDens a secrton perp€ndtcula! ro the foftatlon and palar-lef to the
theatlon ras choaen, elth the e*ceprlon of cran 133 (pelpendtcular to the ftnearlon). unele ue
lotatloEf cdtbrent of defohatlon 1s tndn (au slEcin€n. except clan 133 anit clan 125) the mov4enr
serse ts dextlal. Tle nagnlflcarton 16 the sde for alt nicroqraphs (grven next to flgure 2k).

t1o! perpendlcula! to the ttneatloD. The clystat
coordtDte ayate has x palatfet ro rhe nolmaf
to the f1!6t o!':ter plls o and Z parallel to tne

lhe lattlce p!efe!!€d oEienratloD of the
6pectbenE analysed 1n thls coDtrlbutlon rg
pleaented tn the foln of pote tlgures calculated
flo the oDF {ftgules 4 and 5). we dlgpfay
cafculated tDIe figures because re lntend ro
lrclude inlDltanr lble flgures sucb as those for
the c-axls,  tne posl t rve .h@bs r  and Lne
negatlve rh@bs z as eelt. These pole flgures
cannot be neasured but tney can b€ catcutated
tr@ the oD!.  f rgure I  drsplays Deasured poLe
flgules for teo Eefecred speclhens: Glan 133

(1@ quaflty dara) aDil p} 463 (hlgh quatlty
data). A dliect 6nparlson wrth rhe
corleslDndlng catculat€d trbIe figules folnd ln
frgues 4 aDd 5 dqonstrates excettent agledent
bet €en neasuled and c.l.utated tble flgure6.

Geloqtcaf setttnq anat tcrosrructule

The ulcrostructure of the speclnens des.rlbed
bel@ ts llluBtrared 14 flqule 2 and thelr tabrtc
15 l f lustrated tn the fom of lDIe f tgures fot
some htDrtant clystal dlrecrions 1n flgures {
and 5. A.1I the nlcroglaphs ale orlented ln accor-
dance r l tn the pofe f tgu!€sr 1.€- the fot tar lon
allqned nast-neat and tney all lepresenr x-2
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Flg, 3. Pollsheat sectlon thlough a shear zoE I!@ caD ile c!eu6, ap.ln. 512e, 1@atlon $at lefer-
enc€ flde for Epeclmen cc I ale lndlcareat by the lnselted f!ee. Also lndlcated are the ahea! zore
boedary (Eorld ]1ne) and the tace of the loliatlon (da8hed llne).

secttons rlth the eeeption of speclten Gran 133
cut ln the Y-2 aectlon. ID ihe caEe of sFcinena
defoned ln 5hear, the 6hear 6enae 1a d€atral for
both the mlcloslaph6 (flsure 3) anil the pole
f lgule6 ( f lgures 4 and 5).

Specinen CC I.

A nytollttzed qualt. veln fld Cap de Crea
(Spaln) ls abeatdeit ln @rdle!1te-andaluatte
glade schlsts. Botb scht5te antt ve1n6 ale
affected by slrea!1ng uder g!een6chlst facles
condl t lon6 [ca! !e!as et  aI .  197?].  r isure 3
llluatlates ure shea. zone on the scale of a hdd
speclseD f!@ vhlch cc I *as selecteit. Ithe ger
letty of th€ ahealed quartz velD suggests a
stratn patn clqety approxlhatlDg tbat ot slDple
6hea!, The sheartDg stlaln can be esttnated to
vary between y= 3.2 ed 6.2 rlthln the analyseat
specinen ( f lgure 2).  vrhrte et  aI .  I1978] calrred
out lEll wolk on 6tntla! natelta1 flon Cap de
c!eE, optlcaUy iletemlned c-axta tbre flglres
on nateriat f!@ thls area have been ptbllghed by
Galcla ceha [1932] and a cmpl€te fabrtc analy-
sts of a speclnen fld the area ls fouDd tn
Schntd et  a l .  (198lbr BpeclEen CC 62?).  The
nlcrostructule ls chalactertzed by really equant
gratns {itn wefl equlllbrated 9ratn bouata!ies
{g!a1n 51ze alobd loqrn). syntectonlc !ec!yst-
afllzatlon by the Eubgrain lotatton oechanlsn
*ent to cdpletton 1n the .entle of the 6heaE
zone, although 6@e qlobul,a! qualtz tDrphylo-
clasts gurvlled tn the I4 straln leglon of the
hand slEclnen ( f rgule 3).

Specl l len R 405.

A f-2 m rtde qDaltz llcn band folDeal ln the
centle of a shear zone affectlng a pegnatttlc

veln 1D tbe fate te.cynlan qrdoalldtte f!@ the
RoEa6 area (spalD). Fo! aititltloDl lnforatioD
see s$p6on et  .1,  l l902l  aDd slDl)8on [1983].
lrhe sbea! zoDe fo!treit Eiter l,qer green8.hl6t
lacie6 @ndltloE and the felilspars defomed
bllttlely. 4he qualtz band l1luEtlated j.D flgule
2b tE orierteil at about 12' to the ahea! zone
boundaly ad the EaEt-weEt ttE h the Fole
f19ur4 (flgure ir) refeEs to the orlentatlon of
thls quartz-rlch band. Ars@lDg the orteDtatlon
of the quartz baDd to applox1@te the ptde of
flnlte flattetl,ng, a shea! straln of y = 4.5 cd
be tn!e!!eil. lhe qualtz glalne ale Eduloael
exhtbtt suture.l g!a1n boedartea and elongate
Eubgratns and lecry5ta111zett qralna slth a glain
61ze of 20-508 fomeil. the lonq axea of, these
ner gralrs ale allgned at 25-30' to the
orleDtatlo of the qualtz-rlch band tn
accordece rtth the kDdn 5en3e of shear
lstripEon and scn!1d, r9831.

Spectss P 24 3.

A syitectonlcafly recrystalflzed qualtz veln
13 4bedded tn a ntfonttlc quartzefefdBpathlc
gne!55 f!@ the xoralpe tn tne lut!@fPlne Eppea
of eastern AGt!1a lthe secafred 'Pfatten-
qDels6' ,  Fley 1984).  rh j .s snetas sdedent a
shea!1n9 defotuatlon 6de! aphlboltte facl€s
conditlonE and lt eahlblts a very strong Ndth-
sourh r!endlng at!etchtng llneatlor. optlcal
neaaulaentE of the c-axl6 orl,entatlon lndtcate
tlat th€ quallz fabllc ln tlle quartz vein rB
tdentlcaf to that ln the countly rock. lthe
Elcrostlucture lndtcate6 6yntectonl,c
le.lystalllzailon by glain bounda.y otgratlon
asEoclated {1th glatn gldth, leadlng to a.tde
spectr@ of glatn stzes (30-1000! ' ! ! ) .
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apecltron c $5,

Fulfy reclysra1ll.ed b!@d qualrz llbboos ln a
f ine-glal@d f el&pat-hlc glouitlaEa repreBent
the eDd ploducta of plogreaalve DylonttlzatloD
of the corvatsch graDlr-e (I4eE ADstroalplne
iFppes, hgadln, awltrerfad) uder tqe!
gleelechtst facles ondttion6. The flattentng
pfaDe of aubglalls and recry6talllzed qlalns and
ast@etrlc talfs of qualrz lDrphyloclasta
clealfy lndtcate lotatloEf atef ornarlotr lsl!p6o!
and schrld, I9a3l. ayrtectonlc recryEtalltzatlon
by cobgralo rotatlon leat to a ulfon graln slze
of aroad 50!o , I tb ln the qul tz d@a1n6.

specllen clan 133.

Tltla Saxony gleullte ra5 r€coveled flw oe
trls.hnel'n borebole at a atepth ol 2On lBehrt
I9651, The syntecto.Iqally lecryEtalltzeat qlaltz
ts @hcentrated llto thln !lbbo!6, only one grain
bload, typlcat of glanultte o1.!ost!ucru!es. The
qualtz fabltq 1n these grdutlteE fld Sdony
have b€en eateraivety studied by optlcal hetnodE
by Behr [1961, 1965] {ho a6c!1bed rtre fabll,c ln
the glaulttca to bave foded sder 4phlboflte
factes colilitlons ovelpllntlng the eaElie!
slalurlte laclest stalkey [19791 carrled olt
fulther opttcal ed X ray *o!k on sde of these
specbena anal lltate! e.t DolD61epen [1982] qlve
an e*teDslve att5cu5610n of the valtous fabllc
type6 ln thls terlaln. Independent evldence fo!
tne 3t!a1! 9e6€try ts not avatlabte lor ut16

.$r9.91!9L!!_-4-q.3.

Ihls qualtz tectonlte fr@ the Bettc zone
(Betlc corillllerast spaln) ras defomed uder
ldemoet gleenschlat f acleE cotrdltlor. IBehnann
and Plattr 19321. olit 9raln6 are Eulrounded by
sall syntectonlcally !€cryEtalllzed glalna
lsut'graln rotatlon ne.hanle) flth a glaln s12e
oa aroud 20@. (5or o( rhe roc,(  votMc).

Specipen RL 3215.

TIls quartz eyfontte xas coftecred beneatn and
lMedtatety adJaceDt to tn€ Motne TlruEt ln the
Alsynt area (s@t14d). Approxthately 75t of tne
vol6e is synre.tonlcalty leclystalllzed to a
glaln 31ze of about 20u0. 4he defomatton r6k
place ade! lae! gleenschlst facles coDdltloE.
The flattellng plane of the leclystatflzed qualtz
glalna and astMetrlc augeD 6tructule5 of qualtz
tElphylocfasts lldlcare a 6ense of rotattoEf
defomatlon c@patlble rtth tne kn@n tlanBport
dlrectlon of the uotne Thrust {llNn directed
ovel thrust lngt  tav et  a1. ,  in press).

speclmen sr 85

Tlle DyloDtte fro rlte lnsubrtc tlne (Val
d 'o6so1a, I ta ly) ,  is  ater ived f lon

qualtzdfelda[Ethic neta-5ed1Dert6 (canaveEe)
<tefoheit siler 1*e! gleen6.bl5t facles
condltlon6. Ilacroscoplcally tne lock has a very
stlongfy atevelcped lhear fabltc wttb a
!elatlvely xeak follatton. llht6 suggest6
defomatlon 1D lhe constltctloEl field but
Bfort@ately t}!e rock 1s not sultable fo! exact

the qualtz d@aitrE ale
fulfy reclystalllzed ro a ulfofr qratn atze of

SpeclEen RL a330.

Itht6 qDaltz trylorlre is derleed f.d cdbllan
quattz l te f r@ Lhe stack o( ctencou.L {A.6ynt
area, r1o1N Tnrst, scotldit). The defoloatto!
t@k ptace wde! lqe! gleenschtsr factes
condlt106. slmtectoDlcaflt reclystafI12ed
gratns of about t5!n dleete! Date up 60t of
the rock volee. rhe old qralns are stlongty
flatteDed both ln rhe x-z and tne y-z ptae.
(fisure 2t) aDil neasuroents of the aspe.r
!at1o6 ot these old 9.aj.n5 lndlcate an oblare
stlaln e]llpsold rith t = 0.05. A fe, Slobula!
gralns exljtblr asymetrlc ralls suggesttng a
reak lotatloEl cdlDnelt of stlaln 1n a dextiaf
sense, cdpatlble rlth the ln@D tldspolt
dllectton of tbe I,loire ThrEt [Law et a1.,

SDecinen clan 125.

Ihla ls ahother specheb fr@ the saxony
9!4u11te terraltr, collecred nea! lenlg. 1t5

16 slnlfa! to that of spechen
Glan f33. Deforhatlon r@k pface ude!
4phlbof lte factes condlrlons. Independ€nt
evldence fo! tle stlatn ge@et.y 15 not avalfabLe
fo. th15 spechen.

Clalactelizatlon of the Co@oD1y Obselved rypes
of Quartz Fablics

ID thls secrton noEt comonly observed types
of quartz fabrlcs ale descllbed wtth the help o!
lDfe ftgures, s€lected tvo dlmensloEf sectlons
throuqb the OD!, and tnverse pole flgures.

f .  s lDgle c-axis Gl ld les.

In detatl rhe spectnens cc I. R it05t ! 24a,
aDd c 156 ( f tg.  4)  exnlbi t  dt f fe leDt types of
c-axls tEttelnE. H@eve!, tne teDdercy fo! tbe
nlgh tlenEtty area of c-axe5 to spread atonq an
ublancbed ! tqger tnc.Llned to rhe Daclo6coplc
fabrtc axes, ls coNon to att foDr spechens. In
the case of Cc I and R 405 thele ts evtdence (ar
the defornatton hlstory closefy apploxlnares
that of slhpfe shealing (ftgu!e6 Zb aDd 3) ln a
dextlal sense, c 156 and ! 248 exhlblt
lndepenttent nlcrostructulal .!lte!ta lniHca.ano

In spite of substaDtlat dlffeleDces in tne
.-a*6 lEtterG, tne a-IDfe ftgules for the four
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PStl ao

Flg. 6. ArEly61a o! slEcllen CC 1.
a! Pole f19u!e ror the c-dllectton (contour lnterval 1.0) j.rdlcattos andt nuberlDs the c-.xts

lbatttons of clystal orlentattons chosen fo. tbe conEtruction ln ftgure 6b. speclieD dt.ectloc A
(nomat to the shear plane) and B (sheartns dtlectlo!) eere usetl fo! the carculatloD of the
lnve.se tble flgures shd! ln f19u!e 6d.

b: Favouled clystal olleatat1o6 fo! 6elecred c-axts rbslrtons 5h@r 10 flgure 6a. Dotsr c-alls;
t!1angle6: polea to the Fosltlve !h4b6; squales: one of the three <a> atllectlons, closely allqned
,1th tlte B speclren d1lectlon, cross: lble ro rhe flr6t order p.l6n of c-axla lbsltlon 5i

c: sectlon thlough the thlee-attmenatoEl q.apbical represertatlon of the oD!. o!de! of ex!ran51on. tot
contou! thtelval: 1.0. Dasltea lndlcate cly6tal lbstttotu rtt}l probablt-ltle5 calcutated to be
negartve. crosshatched area: plobablllty hlghe! rhs 6.0.

d: Inv€lse pole flgures ao! the specllen itlle.tlons A and B (8ee ftgure 6a). oliter of expa!61on:
f2t contou! lnterval: 0.5. A cly6tal prolectlon wtth the c-d16 ln the centle ras chosen, dit the
iDsttlons of the !t z ed a-dlrectloDs are tndtcated,

Epeclsen6 ale strrkrngly 5lDl fa!  ( f lgule ! ) .  a
Etlorq a-ax16 eaxlnu at the trargln of the tble
flqure la situated at an angle o! fe6s the 30'
to th€ Ea6t-vle6r dtrectton, vhelea6 the prefelled
orlentatton of the I1!st order pltEna q lE nore
dlffuet eapeclally tn the ease of CC I anat
R 405, loE .pecleen cc 1t-be angle of  12'betreen
the strongeat a-axts naxlne sd the !a5t-I{e6t
directlon 16 vely cfose to ute angle of 10'
neasured betf,een the lnferled shear zo[e

boundaly ed the ade East-$eat alI!€ct1on
(frgurc 3).  h the case of  R 405 s angle of  9 '
ras Deasureit betreen the a-axls naxi.trE and the
laEt-fieat refelence l1le of the Ible flgure
{paratlel to the qualtz-llch baDd, flsule 2b)r
cfose to the egle o! U' reasured betreen the
6hear zone boudary eil th16 64e lcference
1tne, Ths, ln the case o! both theae specllens
the a-ax15 maxlnh 1a oltented palallel to the
shear rom bou.dary, rlthln tlle Deasultng
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cd
I tg.  7.  Anafysl6 of  spectnen R 405, For readlng f lqures arb,c,  and d see the f tgure capttons foE the
analogou6 flgur€ 6. except that flgur€ 7a utlltzes a contou! lnterval of 1.0r and that flqure ?b
lndlcar€s tne rD51t1oE of the nomals to the negatlve !h6bs q.

erlors. Du.lnq heteroqeneous llnple Bhea!
only itlsplacsents parallel to the 6nea! zone
boundary and 1D the slealing directlon ale
all@ed and thus re can conclude tnat tllele ls a
plefelled allgNent o! a-axes lErallel to the
Eh€arlnq dlrectlon tn the rock-

In orde. to knoe nore about the orlentatlons
ot crystallographlc dlrectlons other tnan c and
<a>, elqht partlcular c-axls po51t1on6 along th€
skeletal l1ne lllst€r and vlllldsi 1979] of t,lre
atngle c-axl6 glrdle {ere selected for ApeclEens
cc I and R 405 (flqules 6a and 7a) and tne host
plobable (favouled) tpslttorg of tne poles to
che postt lve rhdb6 !  ( f tgure 6b) and the
Degatlve rhmbs z (frgu!€ 7b) wele plotted on a

Thls analygts ln tens of favou.ed crYstaf
pos1t1oD6 15 based on l@k1n9 at a serles of
cur6 through the three dtee!61oEf
representatlon of tne oDF lBsger 1941, casev,
I98r l .  lvo such cuta ale plesent€d lD f lgure6 6c

and 7cl  th€ part tcDla!  cut6 at  Psl  I  = a0'eele
purposely cboBen because tlley contaln all the
infornatlon for sucn clystals phtch posltlon
thetr c-axes on a gleat ctrcte lncltned by I0"
to the Nolth-South llne ln tne pole ftgure 1tr a
clockr lse 6ens€ (1.e.  on a qreat c l rc le vhose
pole ls at 30! aray flm the North-south Llne i!
a couterclockpls€ senser for the convelt1on of
lulerlan angl€s used ln Lhls analyEts Eee Casey'
f 9AI and f or s@e eHptes see Schntd et a1. I
1931b). the angles PsI I and ?EI locate tne
c-axls, and the thlld angLe PsI 2 atet€frlnes tlle
lo.atloD of other clyEtal dllectlons v1a a
rotatioD aroud the flel tbsltton of the c-axls
fr@ 0'  to 120'  ( t r rgocl  symetry) .  s@et1ne6
t{o equally stronq baxl[a at 60" separatlon are
found alonq such a traverse and re s1ll rater
refe! to such a fabrlc a5 hav1ng a heegoEl
character. h other cases there ls only one

wequal, mxlna (trlqoDl
characte!) .  At  PsI  = 0r o!  lSOt the c-axis ls

PSIl ao

3
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ab
F19. 8. Inverse lple figules for slEcineD P 248.
a: rnveEEe lble flgule for tle lnfelred shear

plane nomali coDtour tnterval: 0-5-
b: rnv€lse lDle llqure fo! the lnfelled shearlng

d1lectlonr contour lrtervaf: 1.0.

located tn tne centle of the tDle flgure, the
angufar lege ln PEI betreen 0' and 90' covers
all tne c-axls lDsltloDs 1n tne DoltherD
heni6phe.e, and th€ rdge betreen 90' and ]ao'
cove!5 the c-axts po6ttlona tn the southern
ndlsphele of the FIe plojection. It can b€
6een !r@ ftqule 6c that a stlong lldge extenda
f!@ Pgr = 0 ' ,  psr 2 = 30t rdald6 lHr = 60' ,
lSI 2= 30'. Ehus, rttnln that lDltlon of ftglle
5c one partlcufa! algte ln PSI 2 ls fav@led
(trlqoEl cha!acte!). In the case of spectnen
R 405 ( f lsule ?c) anqres of  PsI  2 aro&d 90'  a le
favouEed rtthtn the 6ae ldqe ln PFI (0' to
60'). Ihe favouled clystal lDsltlonB ln flgures
6b aDd ?b 6lhply .eplerent the naxlna 1n such a
proflle lblaflel to the !5I 2 axls tn a cut

Flqule 6b lDdlcate6 a tentleDcy for <a>
dllectlon6 to allgn rlth the 6hea!1ng
dllectton at an angle of about I0r to the
la6t-we5t dlrectlon, a plece of lnfornatlon
alleady obtaled frd looklng at the a-axts pole
flqure. In addltton to thla, flglle 5b cleally
Ehds the tendeDcy fo! t-lte tbla to the ba6at
$ane (tDsitton r), one of rhe tDle6 to the
lDslttve rh@bs r (F6ttlonE 2-4, 6-3) o! one
of the pole6 to the flr5t orde! p!15Ds (lDEltlon
5) to altgn clo6e to the nomal to the shear
zone boudary (poEltlon A tn flgule 6a).

Flgule ?b 1a very alnLrar to flgu.e 5b except
that the tDfe6 to the negrtlve lhdbs a nd bave
thtB tendenq' to altg! rlt-lt t-he 6hear plane
nomal. h alterEtlve rat of l@*tnq ar rhe
cont.a6t beteeen speclnene cc I anit & 405 t5 to
l@k al  t ie lnverse lEIe f tgure6 fq tn.
tDgltlons A and B (shea! pfane nomat and
sheallDq itllecrlon, flgules 6d and ?tl). ID both
ca5e6 the 6hea!1n9 dtrectlon 16 prefe!entlally
allgned ,lth 4 a-axls. The 6hear plee mEal ls
stlorg1y allgned slth the Fsttlves !h@bs in the
ca6e of CC 1 and the negatlve Eh@bE t! the case
of R {05. lhe naxlna fd the 6hea! pfane rcmal
spreaal t4a!i!s the c-axls anil the tbles to tlte

the analogoua lnverae tDIe flgures for

spe.1nen6 ? 2rl3 and C I55 are shdn ln flguEeE I
and 9 (calcutated for stEclDen tltlecttohs para-
Ifel and pellEndlcular to lhe a-ax16 naxlD@ ,.n
analoqY to lDslttons A and B ttr flgule 6a),
Specloen ! 248 6h@6 a tendency for both lbsltlve
and negaltve rhebs to aflqn rlth tne lnfelleit
sbear plane, and tne probablllty of llndlDg a
flrst o!de! pris b allgne.t stth the shear plan.
t6 a16o hlgb. speche! c 156 on the ottre! hdd
shds a tenalency fo! the basal plae to afj.q!
{1in tne lDferled shear pl&e,

A cdPlete fabrtc aEftata on a def,oned
quartzlte fr@ the Ualn CeDtraMhlst tn the
Elrafaya ra6 carlted out by Bouchez et al.
[ ]9791, Therr  speclnen 620 has a fab. lc ahost
j.dentlcal to that of CC f. ruge and W{k [19??]
calcufated an oDF on teo sFctDens (thel!
sp€clnene Sct 638 aDit scl 690 fr@ the suletta
nappe, nlgne! PernlE Mppea of ea6ter!
s{1tzelfand) rhlch have a fabllc very slnllar to
tnat of ou! stEclnen c 155. Iheae specbens were
ale detohed ude! l@e! gleenEcbtst facles
condltloN. In genela1r leferences to optlcally
oeasuretl Blngle gtrdle6 ot c-axea ale vely
nuelous and only a !4 are clteat he!e: touchez
and reche! [ I93r] ,  Eulg ald Laulent I1973]r
llEbache! 119?01, calcla Cella [1982], taurent
ald Erchecopar [1976],  shpson [1980].  The
co@oo feature of tbese .loqle c-axls gtrdfea 16
tnat they are ast@etrlc ln refatlon to th€
nacroscoPlc tabrlc axea.

2. C-ax15 Polpt Maatia Farallel to the
Ipt€medlate straln Axt6 (Y-paxtn@),

Specinen Glan 133 tn ftglle rt 1s
replesentatlve of thls Ialtlcu]alfy sieple
fabrtc- Its chalacter haE alleady beea deEcrlbed
by scbnlat et al. l1931bl and 1ts na1! leatulet
are: {1) a shsle c-axls Daxlnm pa.atlel to the
Y-axla slth a tendency to splead along the Y-z
pl4€r {2) Three a-d1E laxlDa, 5ug9e6t1n9 a
's lngle c!y6ta1'  or tenrarton at  (1rst  s lgbt ,
,ltn the a-axls Daxlna aslmetrtcally dlsFsed

ab
!1q. 9, hv€ra€ lDre ftgule5 fd Apeclten c 1,56.
contour lnterval: 0.5.
ar Inverse !o]e ftgule for

b: rnverse tDfe ftgule fo.

the tnferreil shear

the tnf,erreat sheartng
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about the oaeloacoplc fabrtc aaear and (31 an
a1Do6t ldentlcaf chalacter ln rbe plefeded
ollentatlon of !b8tt!ve aDd negatlve fomEr
glvlDg a bexagoel .haracte! to tne fabllc
(6ee flgule { ln Schlld et at, I931b). thue, tbe
character of tlle prelerred orlentatlon co be
apploxlMted by t*o t!1goE1 quarir cryEtala *tth
thel! c-aes lblallel to t}le Y-d1.ectlonr oDe ln
a tbsltlve ard oE 1n a negatlve ort€hraqoa.

Buge and nent II977l fosd d identlcal
fabrlc 1n the!! EtEctren ac1 293, collecteit 1!
the Gluf c@ple* {PeN1e Eppes of s*ttzerland),
xhlch ttefomeit sder tuphlbollte factes
condrrlorE. fll]sor [19?5] DeaBuled oprlcal Fote
f19u!e6 of thls tlt)e ln a oylonlte fr@ the
seedlBh caleitonldes, itefotued uder at leaEr
uppe! gleeDachtst facles 6nd1tlons. rt se46
that fabrlq ot tn13 rype are @ntron tn hlqhe!
glade leteorphlc te!!a1ne.

Ithele 1E a sootb traeltlon fr6 thls type
of fabllc tnto .lngte qtrdles of the type
.eple6ented by specthen p 243. fhe a-axls pole
flgules of tne Epeclnens clan f33 and p 2aa are
ahost titstlcal-

Recently, Bouchez et al. [19&t] lelntelpreted
a fabrtc cha..crerizeil by a slngfe c-axlE
naxtn@ tErallel to the llrearlon deftned by
elongate quart, glatE (6pechen c.at 9, schnld
er a].r 198rb) to be a labllc o! rhe iype
descllbed above. They argue thar the qualtz
glalnE deflne a fal6e fineatlon antt tllat t}le
leal Btretchlng llreatloh ls palaltef to elaE
scheld et al [t931bl consldeled to be the
lntemedlate stratn ax16 y. we ao rot, as yetr
legaral their lelnrelpletatton, ba6ed on a
partlcufar noitel for tne leollertatton ot lutlfe
reeiues, to be coDctuslve. utrt.tl tbl. que5tlon ls
at€ftnltely lesolveit re roufd not ltke to plolbse
a setElate cfass ot.-axla fab!1c6 baaed on
th16 alngle spectneD. It )ras to be dphazlsedr
haever, that Boucbez et at. It98,rl ovellookeil
the fact rhat rhe rabltc or cAE 9 15 not
tdentlcal to that foud ln slEctreDs cran I33
and Scl 293 even lf the prtn lpal srratD axes X
and y are eehargett: slEcluen cAE t ha6 c very
stlong trlgoE] characte!, *he!ea6 the tuo
othe! slEclnens have aD alnost pelfect
heEgoMl characte!.

3,  Clossed C-axls Gtrd1e6.

Sander 119701 prolD6ed a dlvlBton of c-a*16
crossett 91!d1e5 lnto pseudetrGqlrdfe and
t{eglrdle patterns ahd rrster [19??1
sub.equently leuned ther type I anat type rr
croa6ed-91!iue fabrics, leslEctlvety. The rype I
crosseil gtlalles are far nole c@oh and they are
chalactellzed by the tendeDcy of teo c-aa16
qllaUeE to Deet at soe illstance f!@ rhe
intemedlate stlaln ax16 Y and to be connect€it
thlolgh Y v1a a slnqle qllalle hore o! tess
olthogoEl to the follarloD plane (6ee slEcltren
PT 463 1n ftgule 5). Consequenrty the c-axe6
only apploxlnatefy tbpulate teo 1nter6ectln9

great c1!c1*. the ttrpe II clo6seat gi!(Ues are
te65 cofuon and they ale characterlzed by tso
91!d1ea neetlng at a tblnt !E!a11e1 to t}le
lnteoedtate srrain ax16 y ls!  35 tD f tqule 5).

Tvpe I c!o65eil qlrdfeE. SpecloeD P.I 453
eahlblis a type I clo56eil glrdfe, and the naln
teatures of 1t6 fabric ale 1]f!6t!ated ln ftgule
10. a sellea of favoured clystaf ortentaEroc
afong the skeletal oDtline of the c-ax15 lDfe
f lgure ( f19u!e loa) ,ere selecred and ptot ted tn

Tlte faeoured ollentatlos of cry6tafs ,nose
c-axes 1le Dear ihe Y-axts (Fsrrlons 4-10) ts
such tnar tro of t}le thlee a-axes alrays atlgn
wltt) a dlle.tlon rEa! the eargtn of the lDle
f19u!et 30r aBay fr@ tne ltreation (see at6o
the a-aais naxtE Ln ftgule 5). Theae tbsitloE

nornal to the fllst orde! pllsns o
focatett palalle1 to the ltEatloD. rtgure loc
aLso contatns lDfdnatton on the favouleit
posltloE of the negatlve rhdbs z, but lt ce
i'e seen fr@ ftglre 10 lhat lbglttve a.it
negatlve !hdb6 ale exchanqeable ln the ca6e of
poaltl,on 7 (along a tlace lElallet to pSI 2 at
lEI = 0' t{o oa*tna are found, 60r apart ln
PsI 2)..As one nove6 aray fr@ t}le lntenedlate
stlaln axls to lbsltlon,t, the naxl!@ at psr 2 >
60' be@es atlonge! (ftgure loe). rn anatoqous
obselvatloD .an be naile 1n novtng tdards
resltlon I0, except tnai n@ ttle naxlbu at pSI 2
< 60' ts stronge! (light half o! rhe dlaqra
h f lgule toe at  pEI > 90.) .  Thu6, tbe characrer
of tne fabrlc goes !r@ heegoEt ar lbsltton 7
t4aEiL a nole trtgo@l characte! at lDsttlons 4
ard I0, Ihe preferled olleDtatton of rle Deqative
folnE at poEltlons a, 5, 9, and l0 !o1f@6 the
trend of one of tne tro qlrdl€s outl1red th
f19u!e 10 aDd desc!1bed berd-

A5 the c-aa1s rbELtlons Dove aray frd the
Y-ax15 the cryatal6 nust a]lgn thel! <a>dllecttoD
vlth oe or tn€ othe! of tne tso a-axta nartha
tllustrate<t ln flqure 5. Th15 causes a Epttrtlng
of the sllql€ gtldte aroud the y dllecrton luto
the txo clossed qllaUes. lo61tlons l-5 and 9-13
{f19u!e lob) shd rlte arls@elt of oe of rhe
<a> dlle.tlons at 30. fld rhe llnearlo! and th€
allgment of the !Dfe6 to rhe regartve.h@bs ar
a poEitlon 90' a*ay fr@ tbe a-axis naxlnh and
nea! tne ralgln of tne lDLe ftgure (note t}lat
tne <a> and <z> dtle.ttons a.e olrhoqoMl).
rtgule fod coverE the other of rhe rvo glldfes
and lt lE seen that rhe favoureit clysta] oltenta-
tloE ln thls flgure ale lst the m1!!or trage of
those pfotted ln flqule 10b.

The favoured cry6tal olientatioD6 fo! gralns
rlth tnet! c-axe6 at rle nargln of tne pote
ftgule la best dl6cussett uslng flgure tof, ehlc}
ts a 6€ctton thlough rhe ODt at pEr = 90.. $.o
elongate traxtna are altgned paraltel ro oe
PSI 2 ax16 at tso !b61u,ons tn ?6r f. They
correspond to tne rwo grrd.Le6 at  the nargln or
the lDte ftgure. The deglee of prefelred

of crystal dlrectlons othe! than the
c-axls 1s vely r€ak aDd no slgnlflcani naxha
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PHI = 90 PSl l  .  11( '

Ftg. 10. Analysls of  specin€n Pl  463.
a:  c-ax15 pole f tgure,  coDtour lntelvaf :  0,5.
b,c,d:  Iavouled crYstal  o l lentat lons fo!  tne selected c-a*16 postt lons nubered ln f tqule 10a'  Dots:

c-a*ls Dosltlons; tlIangles: rrcfes to the negatlve rh@bs zr sqDa.es: a-dilectlons; crosses:

lbles to the f1!st order plrsms.
e, f .qr  sefected s€ct ions througn the oDF. orde! of  erpanslon: 10; contour lntelval :  1 '0 '

a
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appear at paltlcular values of PSI 2 as ls be

case ln l lgures 10e and fog.
Flgure f f  smarlzes the naln features of

rbls cohpllcated fablic ln the fols of a sketch
vhich dlsplaYs the favod!ed clystaL
ollentattons. T{o flrst order prlsns !!, tto
negatlv€ rhmbs 3r or two basal planes favour an

orlentatlo! parallel to tuo planes svmetrlcally
dlsposed about the follatlon and at an anqle of
60'  aray f r@ tne fol lat lon nornal .

Tne type of fabrlc found along one of tne too

q1ldles ls vely slbua! to that found tn the
case of  tbe 6in91e glrdle fabl lc of  speclmen
R 405- thls .aD be seen ea6tly by cohparlnq
t lqDres lob and 7b o!  ( !qu!es l0€ ad 7c.
lecau6e tne second qllal.le descllbed by flgure
10d ts the nlrror lnage of that desclLbed by
figure fob re can tn1nh of tlle crossed glralle

fabrlc as belng a cmbtEtlon of tto 51n91e
girdl€ latterns, one betng the ntrror lmage of
Lhe other, Thls leaits to an overalf orthorh@blc
symet.Y ln the fabrtc.
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ro 6 on
Ftg. I1. Skerch sll'mriztnq tbe results of the
fabrlc aety6t6 on 6rEcinen IlT 463. Flrst orde!
pr1€D5, negatlve rhdbs z and basal ptane6 ale
palallet to a s€t of .onlugate ptdes, stmetll-
cally illsposeit about the fotlatlon nomat.

careful exdlEtlon of the c-axl6 rbte flgure
h44er 5!@6 allghr iteparrures fld such an
orthorh@blc gytuetly! (t) tne NE-sIv rlehdiDg
qlldle 16 Dole 6trongly populated thd tlle Mr-sE
tlenauhg gi!d1e, and (2) trre 5tn9f€ gtld€ ea!
Y 16 sllghtly oblique to the fotlatlon. fbla
wea* a$rtuetry 1s evlden.e fd a ,eak cdponert
ot lotatloEl defonarlon, 4d Beh4ann aDd
Platt lt932l fo6tt such D1!o! asymetrtes tn the
skefetal oqtlln€ of thel! type I crossed glralleE
to be 6y6t4atLc @e! a falge a!ea.

lh16 asyMetry ts oucb Etlonge! ln 6pe.tieh
RL a2I5: the stronger NE-sw trendlng 91rd1e
ca$es one ot the a-axls oaxtDa to d@lEre de!
the otner ( f19u!e 5).  A!  Eenttomd ealr ter  sele
15 lndepeDileDt evtderce fo! a lotattoEl
cftFnent 1D the defonatlon of tils 6lpchen
f!6 nlclo6tluctural .!1te!1a. Th€ lnspe.tion o!
llgules I2b anil 12c ahds tiat t-he eln
character of the fabrlc lE schanged except for
the qequl strengrb5 ot the rvo gtriDes.

neasu!@ents on orhe! 6rEcbenE lot lncludeit
1n figureE 4 and a lndtcate tnat thele ls a
e@th tldsltloD fld near ortholhdbtc clos6ed
glldlea through a8!tuetllc c!o66eat gtldles to
51Dqle gtraUe6 of tne type of CC l. Note that the
c-axi5 glrdfe o! cc t ha8 a ktn*ed skeletaf our-
rlne! tbe c-axes oDty appro*rDareiy tie on a
gleat ctrcfe! rrlEter dd wtlllds lt979l extended
tne tem t!4re I cros6ed gtlaue to tnclude fabrlcs
o! the klnd of stE.lDen CC I, but hele {e grouped
CC 1 lnto a Eeparate cIaEE. In vler o! rne
trdaltlorE observed tt 15 lDlbrtant to reallse
tbat tlle claaalflcatton Daile 1n thls

coDtltbutlon ls altlflcial and nerety serveB tn
outflnlng end-nobers of a contlnuou6 sp€ctru

lvpe II clossed qtrdfes. speclne! sE 85
replesents thls type of clo€sed glrdre (flgure
5). rhe lbte flgures for the pltsn5 and rh@bs
are slrllar to those of speclnens pT 463 ald
Fl, 8215. The slnljallriee can atso be se€n by
c@parlng the favoulett c.ystal ortentarlons of
s! 85 1n flgule t3b,c rlth thoE€ for pr a63 ln

lbere ts a diffelence, h@eve!, tn leqald to
.!y6ta1s ,1tn tnelr c-axes alound t, best
v16uallzed by cdpallDg th€ oDF secttoDs ln
f igure 13dte r l th tnose of  f lgures 10e,9,  In the
case of  the rype I1 . !os6ed gt l iue ( f tgure 13)
the characte! of the fabrtc is heEgo@f ove, a
v€ly 6nal l  egutar lange tn pEI ( t?0.  -  IOO.)
and for ttre lest of rhe area of tne oDF secErons
the chalacter of tlle fabltc ts 6tloDgfy
trlgoEt. r'his trtgoEf chala.te! ts clearly
reflecteal ln rhe sepalate pole flgules fo! r ard
z calculated fo! s! 35 *hich ale c@pldenrary
(f lgure 5).  b the case of  I r  463, tn .or t ra6t,
a second naxlhb 60' alErt fr@ the d61EDt one
ls cleally tteflnett in the angula! ldge ln FnI
fr@ 0'  to 50'  tn t tqur€ foe ard f ld ! ,HI = l4oo
to f8o' lD flgure IO9. thi6 correslDnds .o ine
oiddle tbrrio! of the lDfe flgule anaty.ed iD

Althouglt spectneD SE a5 atso llas rwo a-axls
naalDa, even cly6tals utth tnetr c-axes nea! y
noe hare to c!oo6€ berreen ore o! the otler ot
tne tHo a-axts DaatDa. rs a consequence of thts,
tne otrle! <a> dtr€criotr noves avay f!@ the
oalgtn of tle lble tlgule atong a satr cllc]e
vlth e openlng angle o! 60'. !hi5 le6ulEs rn a
very rolblr.nt featule vislble ln the lble flgule
for the <a> dIlectlon flqule: the tro naxtna oa
the a-axes llnk up atorq a tualt c1lcte glrdle
centref t  aL the tbsl t lon ot  ote - t lneat lon-
souchez [r978l publtshed a siEtfa! lbte figDle
fo! <a> come.ted rrth a type rI crossed g1ld]e
c-axts patteln {hls flgure td). A eeak tenden.y
for thls behavlou! ts afso vtstble 1n tne lDle
ftgDle fo! <a> of specitren It! 9215, rhere oe
ntddle 6e9nent of the q-axls clossed gildte 16
not as strongly d€vetopeil aE 1n pr {63.

opttcal data on t!'pe rt clossed g1ltus have
been deEcllbed by Santter t19?Ol, Sylveste! ear
chl tst1e I19681 and Bouche, t r9??1, sander
iI970l founit tltd ln .lodded !-rectonrresr (paqe
592-593) and Bouchez 119?71 carted out *rartr
estlEates baaed on aapect ratlos of
tDrphyloclasts and fountl k-values between 1.15
and t.15. Thus, thele 16 6tlonq evldence tbar
type II cloa6ed qtlaueE (at l€ast tbose rtrh a
6nau opedng angle bet een rhe t o g1!iue5)
ale ttplcal td con6tllcttoEl 6tra1n-

/t. Slall Clrcle C-aals ctrrUe6.

Ih tble type of patteln, tne c-axes fom Dax-
re@ concentratlotu along a smll ctrcle cent-



Flg, 12. AFtyEls of speclsen l', a2l5.
a:  c-aat6 p1e f lquler .o. tou!  tnterval :  0.5.
btc: selecteat 5ectlon6 throug! the oDF. o!de! of expanalo!! 10r coDtou lnterval: 1.0'
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to the tro Daxtna ln the c-ax15 rDle tlgure bave
a strorg prefelence to lbsltlob oE of, tnel!
lDsttlve lhdba so aE to @trclde elth tbe
6trong tDlnt naxlD@ vlslble In tlre ! !b]e
flgule, shlle tne a-axes ale lpsltlored at 30'
a{ay !r@ the na!91n ot tbe !D1e f,1suEe. The
c-de6 at the nalgtn ol tne ple flgure ale
non-sefectlve tn legald to othe! cry€taI
d1lectloE aa raa ob6erved fG pr !163 (ttgule tof).

The lnvelse lbte tigu!€ fo! the fotl.Eron
nofral ale velt 81[tlar to rhose obtalned h,
Ttlt1s et a1. l]973l 1! !hel! hlgh tatElatule
expelllent6 and ahost ldentlcat to ttose
calculared by RreketE and saker [1977] lor a
fabrlc slDlr.aE to that ol Rt 8330: the lDslttve
fohs ale plefelreit over ihe neqatlve om6 fd
ure nomaf to the follatlon o! the sho.tentng
dlrectlonr reslEctlvely. Eoth the opentng angle
of tne c-axla glrdte and the aUsrance of the
naxlou 1n the lnvelse rDIe ftgure fld tb€
c-axta t5 lalge! foE clan t25 ehrcb:raE itefoned
at h19he. tdBelatorea than RL 3330. th15
aglees eett elth tbe trerd ftud 1! rhe
expe!1oetrt6 of ru1tts et ar. [197?1.

PSl l  = 11O

6

1
d

t

ered aro@d tne tble to the fotiatioD. It 15
of AlEclal lntele6t beca$e 1t 15 dtrectly
c@palabfe with the qualtz fabllc6 lound ln
expelinental roc& defonatloh lltu.l116 et aI,
19?31. Gran I25 erdrlblts suclt a patteln aDit
ll, a3l0 1E of a tlansltloBl chalacter tdaraiE
type I cro6sed glralles.

,ra expected l!@ tjre d1Etllbutlon of the
c-axes along a saff cllcfe rlth opeDhg angIes
of 25'  (RL 3330) and 40'  (G!an 125),  the a-des
h6v€ to Epreaat aloDg a s[atl clrcle wtth a ]rlgh
opening angle and thls t5 seeD ln the tDle
l tsure6 fG <a> ( f lgure 5).  RL 3330 ehd6 1ts
tldaitloEl chalacter 1n the a-dls Fo1€ flgule
a6 {etl: teo lelattvely eeak raxrra fom at the
Da!91n o! the lb1e fisure.

Ihe chalacte! of the tble f19u!e6 for ! dd e
of speclhen RL a330 t6 vely sulprl51ns (the sde
rDle !1gu!e6 for Glan 125 are fd qualltyl. I{hat
appealed to be a fabrlc of olthorh@blc 5@et!y
wlt! lespect to to the c-*es eil the p!1sD5
turha out to be of a lqe! stMetry {itb .espect
to th€ !hdb6, The favdreil clystaf orlentatloM
fo! clyEtals aligned slth their c-des Fratlel
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l1g. 13. nnafysls of speclnen sE a5.
a: c-a*ts ple flgure, cont@! lltelvaf 0.25.
t'rc: Favour€at clystat ollentattons. Dor6: c-axesr tltargleE:
d.e! Selected sectlons tnlough tle ODr. O!de! of expansion:

pofes to Fgatlve lhmbsi 6qaures: a-aae6.
10, coDtour lnterval :  0.5.
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The sirlla!1tle6 0f the fabrlc found tn
spectnen lI, 4330 and that aElyseat by &lekefs
and raker [19??] ale stllklnq. Tlese authorE
ca!.led out a cdpf ete fabrlc aF1y615 otr a
nylontte @ltected lD the 6ae locatlty aloDg
the lrolne 4rust, anit they rere the !l!st to
opha6tze the aibt.tallties wtth tne fabllcs of
rulr l€ et  a l .  l t9?31. rae et  a1.  [198,r ]  studled
.-arl5 fabrlcE aforg the oolthermost lbltlon of
the xolne thlu5t and they fourd 3@1I ctlcle
qlltlLes, type I cro66ed gl!il1$ eil pattelne
trssltl,oE] betseen tho6e teo end-Dabe!8.
fhel. 6tlaln aE1yE15 on detlttat graLns Eha6
that the satl c1!c]e 91rdt* @!!etate elth
k-values !e5s thd I {flattenhg) and tlat type
II crosseil s1rd1e5 collerate *1th approxtsately
plee stra1n. A aiDl-taE collelatton ra6 a15o
found by xallorlbank [r97'r].

Interp!etatlon of the Analtzed Fablle

f. The D@iMt1!q RoIe ol allp ln the
Clv6tatloqraohl. <!> pt!ectlon.

Floo tbe characte! of rhe stngle c-a*rs
giliUe fabllqs desc!1bed 1n an eartte! secEron
1t 16 obvioua that the Ible f19u!e5 fo! 6e
<a> dlrectloh play a key !o]e ln the
lnterpletatlon of, qualtz fabrlc6. a faet
4phaslzear by rouchez 119781. rhere 16 nuch
*lalence fo! attp tn the d1lectlon of <a> f!.@
experruents on qualtz srngre crystara. <a> 511p
was foed to operate_ln rbe ba6at plane (ooo1),
the steeD rhoobB {r012}_and {orl2), t}te !b61tlve
aDd nesartve !b6b6 {10!1) aDd {ol i r } ,  and f1E5t
orde! prtsDs { .1010} [ ror  Eeletence6 5ee carter,
1976, and a lecenr .@pttatlon of EetDlted 6ljp
5y6t4s 1n lrlnke! et a1., 19341. It ts tnpoltant
to rcte tnat Ule rh@bohedla1 plde6 con arr ore
rbsstble <a> sllp tllrectlon onry, rhereaE se
basal pfane contatns thr€e <a> dlrectlons, Sflp
on the f1!6t orde! prltus fons another 6pec1a1

{1010} folns ln rwo dtffelent <a> dllectlors,
ploduclng plee stratn defotuarlotr olthogoEt to

The other posstble 5f1p dlrectlon6 lelbrted
ln the ltteratu.e are <c) and <c+a>. ltnke! et
aI. Ir93,ll foud that the <a> dllecrlon ls very

to opelate tnd the <c+a> illlecrton.
on the orne! }leit s]lp ln the <c> dllecrlon
produced the fasteat srlaln rares 1n thet!
expelrnenrs. tbe only evldedce b6sed o. a falrtc
aralysts fo! t}le occullence of <c> sflp rn
naturally defolmed qualtz cdes !!@ spectren
GAE 9 [Sclhld et  a l . ,  1981b].  The lErfect
tr19oG1 chalacre! of t!1s fabElc oay be rhe
result of sllp ln the <c) dllectlon b€tne
depenalent on the slqh of the lesolved shedr
stless. rnts would be expected !o! alpha qEltz
by vlltue of symetry coD6ldelat1on6 lcloves
anit Ketly, 19631. Tlrelefore, the tltgoBt
chalacte! of thls fabltc coutd weff have
resulted frd lotatloEl defomation 6der
condltloE favourtng <.> slip.

2. Slpqfe GlltUe Pattena as lpdtcatols of
Actlve SIlp lldes.

The tlata f!@ 5lEcllens CC I ed R 405
stlonqly suptDlt the hterpletltton of the
slngfe glrdfe c-arls aEtterh aa !*u1t1n9 fld
shple sh€ar defolnatlon as p!o!D6ed by Burg and
laurent [1973], Boucbez et 61. ,9?91 and nant
ot-he! ro!ke!6. Tbi,6 concr8lon tE suptbrted h,
the flndtnga of ltcbe@pa! [197?]: the 5rn9t€
gllttte lDtterns aEe t}!e lsuIt of tne pleIe!.ed
allgaeDt of, a-de6 lDto paratterte {tth
tne butk ahealtng dtrectloh In rhe .ock and
tne prefelled allguent of t}le acttve sltp
plares xtth tne bu1& shear ptan€. Ihts oates rhe
slDgfe gilalles lEltlculal]y lnte!6t1nq f6r
tnferrlrg t}le lelattve tDlDltance o! the varrous
sllp systdE by colletatlng the tendenq, of a
palttcufar crystallogr.pttlc plse to atlgn vj,th
tne shear pL@ 1n the lutk locl vltn the
relailve 6llp actlvlty along theEe
crystaf ]oglaphlc planes.

The tnver6e rbte f19u.e6 for tne tnferled
6hear plane lohal plesented tD flgures 6, ?, 8r
and 9 lndlcare different adnts of actlv1t, on
the ba6af plane, the rh.drbs, ed the f1!st order
prlus for r-he four spechene, cc I and R 405 are
lntelpreteil to have been defomed prtDartJ.y by
sftp on t&e rhdba, rtth !1no! actlvlty of t.|e
basat plse anit rh€ prttus r. c 156 defomeat
p!ed61Ent1y h'!' ba6al slrp. h p 2{8 tllele 1s
no actlvlry on rhe bdsat plde ard pr16n sltp t6
bore letbrrant. !h15 latte! slEcjren def@ed
stter h19he! tdperatules qpared to rhe oEe!
thlee slE.thens and th16 aglees eetl *ttlt the
tranEltlo! tqaratg pr16u aflp witb lnclea6tng
tenpelatules, as f4nd tn the expelinents of
Tul f1s et  a] .  [19?3]

The acrtvlty on !b6tt1ve dd iegatlve fom6
ea6 sequaf ln the caae of cc 1 and R 405.
StleEE lnducea Dauphln6 tvlndlng has been shdn
to produce a arrong sele.tlvtty wltb legarit ro
tbslrlve dd negatrve folhs lTu.llls dd tuu1s.
- t9721, Thls nechanlu can be ruted ol t  to be a
nalor lnfluerce on the pleferled ortentatioD ot
r 4d 2 1! ou! 5lEchens on the basts o! t'he
.tratacter of the sepalate fDte ftqules for r dat
2 (frgule 4): the ! pole ftgure o! slEclt€n Cc !
1s stllklngty 6tnL!a! to rbe z rbte flqlle of
6pe.inen R 405 atthough the ollentatton of the
prlDc1tE1 stless itlr€ctlonE nust have been lhe
sde for both slEchens (atextral shpre sbea!)-

None of tle lnverse lDfe llgurea to! qe
n@4ent dlrect lon ( f lgures 5d, 6d, 7 ani t  s)
lndicates a Ee6nd Daxt&b at <c+a> o! <c>. Fld
thls we @Efude tlat to a flrst apploxrDaEon
<a> 15 the onlt opelatlve Ettp dtlectloh.

3.  
-Slnqle c l rd les aa rndtcators or Sheartnd

t" * 
-". 

of specldehs cc t and a 405 tbele
1s 

'nitepenitent 
evtdence tnat the defomarlon

path closely apploallate6 @nitlttoG of E1!DIe
shear lng, spechens c - t56 and p 248 provlde
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mlclostructulal evlderce fo! at lea6t a .tronq
cdlDnent of rotatloDl def ffiation.

The aslmetry of slngfe 91!iue labrlcE has
been extenEively u6€d as an tndleato. for 6e
sense of  sheartns ls inpsoD and acbnld.  !983].
care has to be taken durlng Edple @flectlon 1n
order to ensule that the defohatton rlthln tre
speclnen analYzed 15 rePlesentatt!€ of the
delomatlon of the ertlre volme of the rock
ude! considelat ton [ l16tet  &d f i1111d6, 1979]-
Garcla CelDa [19331 d4onstrated that the sense
of Eovdent alolnd rlgld lenaes nay even be
opposlte to that ot the bulk shear zoDe.

The 6lngfe gltdle fabrlcs Eeasured for tne
fou! sfEcrnens mentloned above agree rltn the
predlctlons of rtchecopar ll9??l fo! tne slnple
shearlDq defohatlon, based on a tro dleensloel
nodel rblch constdelE ore s]lp dlrectloD only.
ThlE agreoent 16 due to the fortuate
cllcmstahce that ore u1q!e sllp dlrectton tn
<a) 1s operattve lD these ElEclners,

If the 1Dtlaclyatafflne 6ltp actlvlty 16
restrlcted to ore 5l!g]e <a> dlrectlon aflqDlng
elth the buf* sbeallng dtlectlon durlng
p!og!e661ve 5lnpfe sh€a!, the eost of strear
stlatn hay ldeally be det€dled frd neasurllg
tne aDgle betseen the ddlEnt a-axis naxlnm
aDd the 11neat10n In the !ock. The Eeasu!6ent.
nade tD the case of apeclhcns CC I and R {05 are
lndeed c@pati,b1e etth t-hls slEple lnfelence.

urfoftqately, the sltuatlon 1s nole
c@pllcated in nost caEes for aeveral leasons!
(1) ute Dacloecoplcally v161ble llreatlor and
follatton need not be exactly pala]lef to the
prtncllEl, areE ot flnite st.ain, (2) stlaln
partltlonlng bet*een dlffelent d@alns eithln a
81Dple 6hear zone tray lead to cdpltcations
l l , ls ter  ad v11I1146, t9a0r 19831, (3) dur inq
the lDltlaf atagea of strpfe sheallng a 5tloDg
fabrlc tn tems of a lErfect allsment of <a>
dtrectlons rlth the bulk Eheatlng dlrectton 1s
not yet establlshealr and (4) eveD at ]a!qe
st.a1n5 <a> 611p oay Dot be restrtcted to a
itirectton pala1lel to the bulk ahearlng

In nany nylonlte zoae. the angle betwe€n the
d@1EDt a-ax16 haxlnh sd tne llneatlon 16 t@
1a!ge to account for the large Ehear etralna
e:{Ected fr@ halepeDdeDt evlalence [3oulue! and
Qlenalder, l98ll. h Euch caeear hdeve!, the
c-axts FI€ flgule exhlblt. a tlos1tloEl
characte! beteeeD a .lng]e c-aa16 qtliUe aDd a
type I cros6ed glrdte , nhetner ihls 1s due to a
departore f!@ tdeal alnple aheallnq cordltloE
o! to the atrultaneous opelatlon of <a> sltp ln
an antlthetl. sen6e to the @erafl Bhear 6en5e
durtng sllpfe aheallng 16 rct cfear.

F19u!e 14 slretclres tle trasltlo! fr@ type r
cloaeed gllallea tnto atngle c-axla 91!aue5. Tl!15
t!dsltton ray repleaent an lncleaElng
rotattoEl c@tlent 1n the stratn tEth.
dteEEtlvely, a siDl-rar trend la expecteat rltlr
lncreaslng 6t!a1n alurlng 6lnpf. abealtng as
su9ge6ted by t}le ?o!k of Galcta celEa [1933] on

Etulalfy defohed qualtzltes dd by the 51np1e
6near e*pertnents on tc€ carlled out by sou.hez
and Duval  l1982l .

4. Tvpe I Clossed clrdleB a6 Indlcatols of
c@x1af Defohatton uder ?Iane Stralp.

an tntelpretatlon of type I c!o56ed glrdles
ttth a btgh degree of olthorh@blc symetly (IrT
163) can be ba6ed on gym€tly alqhents
llaterson and We1s6. 1961] and on the sbely of
the favouled clystat oltentatloD6 glven ln
flgure fI. To a first approxlsatton the lattlce
pletefted orlentatlon exhlblts an orthorhonblc
symetry refated to the finlre straln axes
(bdoracrtc fabl lc,  aander,  1970) ahd thls
1Dp11e5 a cGxlal stratn path su.h as wa6 found
ln the nuerlcal slnu.latlonB of pure sltea! by
th€ &odel rork of Etcbecopar [1977] an.t ttsrer
and sobbs I1930l .

llgure II suggest6 the aflgment of flrsr
orde! prlsDs, negattve rhqb6 and basaf pldes
ln a set ot plees sym€trlca1ly 416!Dsed about
the aoflatlon nolnal ald palalfel to the
1ltemedlate stlalD ax16 Y. If tne <a> dllecrton
ls agaln lnferled to be the oDfy tnlbrtant
operatldg slip dllectlon, anatogous to the
lnfe!€nces oaite fc tne lnterpletation of glng]e
c-axts g1r.ue fabriea. condlttons of plde
stialn can be deduc€d fr@ the altgNent of the
a-axls naxtna rlth the x-z secrlon of the flnlre
Etraln elflpEold, yle lbstutat€ alip in the <a>
d1!ect10n to also ddlEte ln rhe case of rhe
type I  croEsed 9lrdl4 on r l re basrs ot :  ( l )  lhe
Etllklng sir1fa!1tte6 lD tem6 of favoured c!ys-
ta1 ollentatloE foud afong one of t}!e two
glriues tn !T 463 vltb tnose foDDil afonq the
stngfe g1ldle of  speclnen R,t05, and (2) rhe
sm@th tlansltloDs fld ldeal c-axls qtriUes
(R 405) vta c-a* ls gtrdl€a ei th a k lnked skeletal
outftne {Cc l) and asymetrtc crosEed glrdles
(RL 3215) lnto @ar-sy@et.tc clos6ed slldes
(PT i I63).

At thls rblnt lt Day be useful to le.onstiter
s@e aletalls in rhe oDF of Pt 463 iteacrlbe.t
ealll€r &d suptbltlDg our lntelpretatlon of
type I cloaaed gilatles. rt *a5 found (ftgure
Iof) that crystals rltll ttelr c-axls at the
perlphely of the !bl,e flgure are Dot very
sefectlve ln ibsltlonlDq thel! otne! crystat
dlrecttona tnto favoured olientariors. tt16 caD
be elegantly o.pfalftat tn tens of our
postufate that basal 6llp operate6
plefereDtlalfy tn rhe case of erch crystafs,
Sasal sltp itoes not .eq!l!e a r8ltlcular <a>
directlon to a1t9n wtth th€ X-Z sectlon of the
straln efllpsoltt becalae plane 3t!a1D
defomatlon can be a.bleved by a sha.ed actlvlty
alonq tyo of tne <a> iulectlonE rlthtn the basal
plane, The lnterpletatloD lhat 611p on the
negatlve rh6bs pred@iDtes 1D cryEtals slth
tnelr c-axls ar s@e dl6tance fr6 tne Y
itlrectlon ls 6upfDrteat by tlle tllgoEl clalacte!
of the oDF fo! such c-axt6 ibsltions. For
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rotat ional  componenl of  strain path Increaslng

or:  increasing strain in s imple shear

Flg. 14, sketch of the natn feature6 of the pofe flgDles fo! tne c-ax16 aotl the a-axe6 e4rected fot
lotatloDt defornailon Nlth a dextral sense of Eov6ent. fhe c-axia pole flgules are sket.hed ln the
fom of a skeletaf outftne. The pole flgule6 tor the a-dllecttoo are sketched in t}l€ fom of
sch4atlc contour lntervaLs-
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crystals wlth thetr c-axts allgned rlth tne Y
dlrectlon a hexagoDal character {as tdnd 1D the
oD!, conslstent ,tth the tdea oI plisattc sflp
fo! rh16 sroup of cry6ta16.

clystaLs rlth thel! c-a*la palaflel to the Y
dtlection are 1n a slEctal Eituatton sltll regald
to eaxlal plee strah delolnatlon: conjugate
Ehear can slnultaneousty operate on two ftrst
older p!16h5 rlth1n the ade c.yataf. In the
case of crystals ,tih thel! c-ax1s aeay fld Yt
1.e. crystala alefolnlng by 611p on the rhdb6
and the basal plane, the sheartng defomatlon on
tne scafe of the gratns ltas to devlate !r@ the
lntrDEed ov€lall defomatton of tne gratn
aggregar.e vhlch t6 c@xlal  t r  <a> 16 tn.  only
opelattve stlp dlrectloD. Th16 tou46 f!@ t'lle
va! MtseE requlrment fo! flve lndependent sllp
syEtens lPaterson, 1969], tf a lblycrystalflne
aggEegate Is to Edergo h.@ogeneoue defolnatton
on the scale of lndlvtdual gra1D6. the lesu1is
of elaborate wolt 1n tema of d 'axlal
dt6ulbutlon analysls' (A.V.A. o! Sandelr 1970)
ae4 to auggest a syst@atlc apatlal
dlstlrbutlon ot qlatns ortented fo! slip a1on9
one oE otner of the teo @nlugate shear plaes,
rep.esented by the crossed stldles.

It eae nenttoned earlle! that !4 463 eahtblts
a slight tleparture f,lm a ldeaf ortno.h@blc
s!@et!y. Thts itepaltule 13 nore pronouced In
RL 8215 and se lnterplet thtE to lndtcate a
stlaln lntemeillate between that of strpfe shear
aDd coaxlal stlaln sder plane strain
@ndttlons. rsymet!1c type I crossed glldlea
are eldespreail lD rany D!'lonlte zoEs (!{otE
fhlust, Lar et at.r 1984; slnploD lault,
[{an.kte]4, ln pleas; Insubllc !1e, upubltshed
!e6u]ts) ard thla suggeatE a role cdplex stratn
path th& that of slhpfe shea!. It seas that

ldeal slnple shear ls exceeitlngly rare ln

lhe lnterpletatlon o! fabllcE elth a c-axts
lDtnt laatlw parallel to Y (cran r33) tn rem6
of ptde 6t!ai.n itefomatlon aBaoctateit elrh a
hlqh actlvlty of pltsh 6f1p n@ becoreB obvlous.
It 16 llkety that thls defonatlon involves a
rotatloel c@tD[ent Ln the case of Glan 133,
t'ecaue the a-axts naxlna ale asymetllca1ly
dlslDsed vlth legard to the fhite 5t!a1n axes.
No ktneDatlc lnference can be nade on the lasrs
of the c-axls rble f19u!e alo.e.

5. Ivpe II Clo6ed GlraUeg and SnaII Ctlcle
c-axls Glldte5 a6 Indtcatds 0f pepaltulea !!m

Departules f!4 cordltioDs of plde straln
are lndlcated tn the lntelpletatlon of the
a-pole f tg l res In the case oI  spectnens sE 65,
RL 3330, and Clan 125 (to a tulle! extent aleo
tn Rl 8215). In the caae of the ty!'e II .lossed
girdle fabllc of SE a5 the a-a*ls haxlra are
comected vla a saU c1lcte alo@tl the
ft@at1on.4hls trplles a c@poNnt of
q!'f1ndrtcal fLd itr the @Gtrlctlve itoDaln, as
already lDstdatear by Bouchez [19?8], eho
addltloElfy carlleil out stra1n Deaauraents on
polphylocfasts. DDpIex 61ip on the ftr6t olite!
prls6 13 not 6ultable fo! ploduclnq
constrlctloEl stlain ed.on@quentty sllp on
tlle tugatlve lhdbs p!eit@1Ete6 ln the case o!
tne type If crosBed gl!tt1e6 (Btrongty t!1goBt
characte! of the oDF). the c-d1s tEttern of
type II cloEAed glriues 16 a aurect @naequence
ofr (1) tne attgment of the a-axe6, and {2) rhe
r1rc! rore of p!t@ 511p whtch ras leElDnElble
fo! the @Mect!trg Elngle gllaUe nea! y 1n the
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k=oo

k=1

k=O

Flg. f5. Sketch of the matn features of t-lle !b1e flgures fo! the c-axts and tne a-axes
€xpected for c@xlal defolnatlon rlthln dlfferent areas of the Flinn dlaqrtu. k=1 corresponds to
plane stratn, t>f 1spf1e6 constrlctton, k<l 1$p11e6 flattenlng.

case of  tne type I  c loss€al  g l rd les ( f lgule 10c).
the spa!16on bet{een type I and type rr
c!o56ed g1rd1e6 6uqq€st6 that the acttvlty of
paltlcula! sllp systds 16 not ex.tuslvely
dlctated by factors sucb as t@peratu!€ ard
stlaln rate, but also by the type of stlaln
inposed on the aggregate.

ID speclneds RL 3330 and Gran 125 tne a-ax1s
naxlna hav€ a tendency to splead afong nlgh
angte snaLl clrcles centled around the foflatlon
noral and thls suggests tlattenlnq stralns.
Th16 lnterpretatlon 1s on a very fln ba515 ln
vler of tne stratn estinates carlled out on
tbrphyroclasts (speclaen RL a!30 and

calr ted out by !a,  et  aI . ,  in press),
and also lD vler of the 51h1far rEttelns
obtained ln e4)erlbental rock defohatton of
qual tzt tes [Tut l ts et  a l . ,  I9?3].  ahe c-axls
pole f lgure of  speclnen RL a330 1s t rasl t loDl
betreen the type I cro6sed glldle and th€ sall
ctlcle c-axi6 lEttern and consequentty suggests

a deforbatlon lntemedlate betreen that of
flattenlDg and plane strain. th€ asymetly
d€t€cted tD tbe lDle flgures fot tne lhabs
suggeEts a rotatlo@l cdlbnent of st.taln in
speclaen i'I, 3330.

Tbe types of pofe flgures for tne dlrectlons
of <c> aod <a> expected durtng coaxlal defo4-
atlon wllhln dlfferent flel.ts of a Flltn dlagle
are st fuar lzed ln f tgure 15.

smary and Dlscusslon of the |teclanlsns of
Lattlc€ Reorlentatton.

The pllnctpal features of our 6p1rlca1
lnterpretatton based on a conplete fabrlc
analysls can be slmc!Ized cs fo l lds:  ( l )  lhe
ctrgMcnt ot  a-axls maxlna ul th t le shear lnq
dlr€ctlon durlng shple shear led us to concfude
ttrat the <a> d1lectlon 1s the only slgnlflcant
slrp dllectlon and it ras sh@t tnat the
resuftlng fabll. .an be lnterpleteil tn t€ms of
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clyEtal olteniatlonE favouled fo! easy EI1p, {2)
fhe coDcept of easy E]1p was extended for the
case of coaxlal defolnatlon 1D pt4e stfaln,
ehlch ln our lnterpletatlon reaults ln fav@red
clystal olleotatlons fot easy sltp along tro
conJugate pl4est s})oae olleniatton ls
clystallographically controtledr {3) The
lnterpletatj.on of fabrtcs develolted 1! the
ftattenlng and const!lctlon f1€Ials 16
essentlally based on the featules 6een 1n the
tDl€ ftgules !o! the <a> attlectlon rhlch va6
trpllctty aasmed to be tne only Etgntflcant
511p dllectlon; {,t) In ou lntelpretatio! t!'e
deg!.e of plefelled ortentatton of a lEltl.ular
intracrystalltne sltp plane lnto favaled
crystaf orlentatlonE eas equated rlth tlte @ou!i:
of actlvlty on these lEltl.ufar 511p plees.

Genelalty. the type of lattlce p!€ferreal
oilentatton found 1n quartzlteA ts largely
lrdependeDt o! tne eout of syntectoDt.
leclyEtalllzation and the tntelpretatlon of t}le
fabllca ddonEtlated that they ar€ contlofleit by
the acttve s]lp 6yEtqs, tne type of flnlte
6tra1D. aDd the k1re[at1c fra*ork. The fabllca
de6crlbed tn thl6 colt!1butlon ale pllna!1ly
caused by lDtracryEtalllne pfaEtlclty (14
tspelature plasticlty or poee! lar cEeep) ard
re have to lek fo! a sflp lnduced nechanls of
lattlce reollentatlon. A nechants of lattlce
!eo!lentatio! based oh !ec.ystalllzation driven
by dlfferences 1r the efastlc stlaln ene.gl|
wrtnln tndlv ldual  g larns [xdb, 1959, 1961] 16
rh€.efore q!eallstIc. Nevertheless, syntectonlc
r€cly6talltratlon has a profound effect on the
necbanlsn of tattlce reortentatton. ne f1!5t
conflont our fabric lnterpretatlon sltn
nmerlcat nodels for 511p lnduce':l Lattice
reollentatloD. and then ve vtll dlacus6 thls
tnportant loIe of syntectonlc reclystalllzattot
d!rlng lattlce !eo!tentatlon.

1\'o nheltcal noilela based on 511p lnduced
fattlce leorientatton have been plolpEed: tne
nodel of Etchecopar []9771 anit the nodel of
l is ter  et  a l -  i l97al .  Etcheopar I19771 invokes
focal buli( rotatloM of glarns, caused by
hetelogeneous defotuatloD on the scale of
tndlvlitual g!aln5. In the hodel of I,lste! et al,
lt973l the lattlce reorlentatlo! 16 caused by
vo!ttctty hbalance tturtng h6o9edeous
defolnatlon of a grain a99!e9ate defomlng by
nultlple sf1p. IJlste! II932l polnted out very
clearfy tnat these tto nod€Is for sfip lnduced
lattlce r€orlentatlon are Iadoentalty
dlffelent aDd tnat futu.e work needa to tai<e
both oodefs tnto a..out,

our fabrlc lntelpletation leads u5 to belteve
that neterogeneous defomatlo! on the scale of
tndlvldual gralns ls vely llrDltaDt. Tnls ls oe
of the leason6 vnt tbe hodel ot ltcnecopa!
[1977] of fe!s a sat tsfactory plet t lc t ton,  ehe!eas
the l , i6ter nodel  ILt€te!  and Eobbs, I9e0] fat15
ro pledlct 6lngle c-ax15 glriue6, ID @xlaf
atefomatlon the predtctlon of Ll.te! and Eobbs
l1930l  y je lds a c lo6e resenbl4c€ Lo the

patternE s@arlzed ln flqure Ia. Yet ou!
tnrerpletatlon of the type r cloEsed 9t!aue6 1a
lncdpatlble rltn h6o9eneou6 defonatlon. Th16
lld1.ates that both recbetEtu of 61tp-lnduceit
fattlce leorlentatlon nust be operattve: a
Dechanls tattng account of heterogeneous
delolnatlon aasoclateat rltn 1@41 bulk lotatlon6
of qrar,Ds (the nodel ot Etche@par) aDd a
techanle lnvotelDg the lattlce leorlentatlo!
caused by the voltlclty lDbalec€ duling
hdogeneoE defonatlon (the Dodel of l,lete! et

one ltrtDltant featu.e of @ny qEltz fabllca
16 the stloDg tenilency for lDdtvldual 9!al,n6 to
align <a> atllect1ons Into ore na*ln@ (slrple
snea!) or iDto haxj,Da vhtch are 50' arElt (Pu!e
shea! ) and {htch are crystafLoglaphtcally @nt-
lolfed. ThtE featuEe €nDot be at1le.tly confroD-
ted eltn tlle result6 0f the Doitel6 hentloreal.
Etchecopar [I9??l Eed a tro dlnenBloEl aptF
roacb, and l,l5te! 4d Eobb6 119301 pliear1l,y
dlAcuas c-axla tEttelna, ard Lntoruatlon on otne!
crystal dlrectlons 15 not available aiElt f!@ a
fer EDle flguree fo! the <a) dllectlon pledtcteat
fo! 5hple shear (t!et! flqure 15). In the6e
a-lDie flguleB only a reak prefelled altgment of
<a> d1!ect10n6 rlth tne sbea! dlrect1oD ce be
ob6e.ved. the obgelved hlqh deglee of aLlguent
of <a> dtlectloc Euggests that the !e1at1ve
actlvtty of the va.lous 511p ptdes varlcs f!@
s!a1n to g!a1n yhlfe tbe <a> 611p dllectlon
.4atns 1n a constant orlertatlon fld gralD to
9ra1n. It roul,d be e lntereEtlng taal for
futule 1'!M rork to 1@& for Fosslble dlElocatlon
lnteract lon5 beLveen @lghbour iD9 9ralnc.

A sellous shortcoDlng of the boitel o!
Etche@pa! [197?] la thar lt 1E phyal.alry
sleal tat tc.  I t  16 lDtelest lDg to note,  hd*e!,
that a Etlong tendency td the ddtMnt allp
pfale to allgn etth the shear plde durlng
slnpl€ 6hear leault5 ba1n1y f!@ tne pull-apalt
of 'locked' gral,Ds rhlclt i6 bul1t lnto thL6
nodel. The ]@ked gralns ln th16 nodel are those
9!a1n5 shlcll help to nalntaln a t*o baxlnh p.tt-
ern (or a .ro6sed slrdle lBtteln 1D three dtren-
sLons) !p to s} lea!  stralns as hlqh a6 1= 2.  The
stngfe naxlnw (o! s1n4e glldre tEttern In thlee
dloensloDs) developE by the lEgslve feal bul*
rotatlon of tne pult-alElt fraglenta tnto the
ortentattoE fo! easy sltp.

ay rcr taktng lnto accornt the lnfluence of
syrtectoDlc teclystalflzatlon se plolD6e a
physl,cal1y dlffelent nodel rhlch can fead to the
sde end lesult a5 tlle Doalel of Etcltecopar
[197?].  The 9!atn3 tn a focked tbsl t lon are
those ehlci have a very t@ re6olved Enear
6tr€ss on crygtalloglaphlc plsea of e!6y st1p.
consequeDtly, these glains ilefom IesE t}lan the
sullouallog aggleqate ald they have to u6e
altelnattve EIlp eystds rhlch ale halite! to
acttvate. slnce those locked gralns ale loca1
srles6 ralsera tlel! atlalocat1on densltv *IIf be
h1gher than that of t-he sulrosdtng gralna. Thu6,
they {tll be plefelentlafly affected by
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synte.tonlc !eclystafllzatlon drlv€r by tne
but1.l-up of dlstortloEl lattlce energy, The
subglaln lotatlon mechdl6D slff cleate e,
glatns wlth a atlffelent lattlce @lentatlon Dore
lavoulable fo! easy s]lp, vhereas the glarn
boEdaly rlgratlon dechanlsn r1I1 ]eait to tne
pleferentlal conshptlon of grains etth a htgn
dlstortloEf latttce €nerqy. hsteatt of the
lotatlon of pull-apalt flagrents of l@ked
9ra1E, a6 rn the Etchecopar [19?7] tuode],  j r  16
the p!efe!entlaf gyntectonlc recry6talltzatlon
of locked glatns rhtch stll lead to a! eld
ortentatlon for easy 6t1p. lle tlus plopose that
syntectonlc !eclystalllzaiton pr@otes stable
end-oE1entat1on6 for {hlclr the lnlDseat
defohatlon cauaea the ntDlnD dl651!Etlon of
enelgY by the actlve sflp 6ystqs. Bouchez and
Duval [1982] intelpleted thel! fabrtc produced
ln sirple shea! of 1ce ln a v€ry sint.Lar vay.

Slnce tr.otatlomf defomatlon leails to a
fabltc tn tedE of eaay 51tp alonq tro
conluqate 6nea! planes te propose that dyMlc
reclystalltratlon aDd heteroqeneous tlefomatlon
Play a 6tu11a! role In lattlce reollentation as
ln the ca6e of ebealtng defolDatton. Tht6,
together vlth tne lnrerpletarlon rhar <c+a> sflp
ts bttrpoltantr ts plhallj-y !eE!bD61bIe tor tne
otrc! dlEclepancles 1n the c-dls lbre flqule6
and the subatantlat d1flerences ln tbe lDle
flgules fot <a> ther tne analysea fab!1cs ale
c@lEr€d rlth ttre preillctloD6 of lllEte! and

It 16 hoped that our udelstandtng of fabllc
atevelor@eDt rilf aivance frd futule vork on
ooatefflng. taklng ac@ut of nole than oE
necballsn of aflp lnttuced latt1.e reollentatlonr
together stth e4)erlnents ude. condltloG othe!
tnd those of eax1al flattenlng and lE[: work
atlEecteit taaliG a bett€r uateratandtng of
dlslocatlon llteractlons bet €en nelghboullng

lctn@Ieatq@ent5. He are glateful fo! rhe
c@peratlo! of the folldlDq col!.eagueg ,ho not
oDIy provlded u5 ,lth slEctoeng but also helpeil
ln e5tab116h1D9 trre geotogtcal flaeyork tn
*h1ch the6e aFclDena rere itefoded. Jd
BehnaD, Inge Frey, ldrtElo Galcia Celna,
Rlchartl Lar, Danlel H!I]e!. carol alnpEonr John
starkey and Andre zingg. lre aLso ploflted fr@
atiEcuEslon6 rlth J€n-Luc Bouchez, Rob Kntpe,
Gordon Ll6ter, {ell t{anckteld &tt Jd Tullt6.
Goldon [l6ter, {eII lilanckteld, lru rulllsr
xolly wetker {il an aloryDou8 lwlne! helped to
hprove the flrst velslon of tne !anusc!1pi.
X. CaEeY ackndledgea flGnclal auptbrt ar@
the svlsa N.tl@Ifords ploject no. 2.040-0.83.
!rn1e pelkln6 aDd SveD G1!6berger ale thdked
for provlaloa of aalvlce od nlclocmputer factl-
1t1e5 fd the ploductloh of tne type6c!1pt.
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