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(Swiss Alps)
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SUMMARY: The crystalogaphic onentarions oI calcile in tecionit€s lron the Morcles
Nappe ard the Cldtrs Overrhflst have been nedured by x-iay tqture gonionetry. Tbe
odentation data are repres€nl€d by pok ngures, invese pole figures and as orientation

The patrerns of pr€ler€d orientation iberled in the specimens fron rh€ Morcles
Nappe are @relaled wnb inrracrystalline slip mecnanisms. The pauerns exhibn quas!
axial synnetry and in sone cases the axis olsymmefiy isoblique to lhe symnetry of lhe
nacrosopic iabric. This obliquity n inlerprer€d as the result ol a .otarional strain palh
and mav be uled ro infer dnecrion and rn'e of shear

Sone specimens ol tne L@heiren nylonite lron fte Olarus Thrust show no srong
prereired ciyslallographic onentation. Tlds suggesls that grain 6oundary sliding Nas the
najor deiormaiion mechanism.

The crlstallographic orientation (textue) of
experimentally defoimed linestones bas beetr
measured by X{ay methods for specineDs de-
formed within a wide range of exp€rimental
conditions (Wenk et al. 7973i C^sey et al.
1978). It is tempting, therefore, to compare
the observed textures with those from natur
ally deformed limestones. The limeston€s of
the Helvetic Nappes, deformed at temperatur€s
estimat€d to be not higher than 400"C offer
such an opportunity because they have rol
been ann€aled after deformation and are
therefore likely to have preserved a syntec-

Samples wer€ collected from (1) the area of
the Morcles Nappe in W Svieerland and (2)
along the Glms Overthlust in E Switzerland
(Table 1). The Moi€les Nappe has an inverted
linb wher€ the straligraphic sequence is pre

't^BE 1,. Locolities of analysed specih?hs

No. Lilhology

served in spite of a drastic thickness reduction
or as much as 1:100 (Badoux 1972). Along
rhe Gldrs Ovenhnst an extremely thin
nylonitic layer i1 n thick, Schnid 1974), has
been completely detached from its original
substratum and sandwicbed between two

X-rry texture goniometry
Apprrstu8 md drtr udysis

The specimens were analysed with the con-
bined refl€ction and transnission scan merhod
(Siddans 1976) using Co K- radiation. A com-
puter cotrtrolled texture goniometer built by
Seifiert-Scinta8 was lsed for the analysis. For
the specimers presented in Fig- 1, eight reflec-
tions of calcite werc neasured (see Casey

linestone (Doceer)

7822 {bite, fine grained
narble (Ursonian)

71 lineston€ conelo-
n€rate (Tediary)

63 Lochsenen nylonite

6 bchseilen nylonite
115 Lochseilennylonite

Nappe. SE Dents de Morcles

The dip azinlth ol both lineaiions and foliadons is SSE ESE in the Morcle3
area. For lhe lnchseiter nylonites witn a subnorizontal foliaiion the ransport
directioo was Asuned to be towards the N, bas€d on lield geological evi<lene.
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nc. 1- Pole 6gures lor 3elected f'srallo8raphic directions for sone ot the specineos studied_ The
.egenerared pol€ igures for sp€cimen 7816 (degree of expansion 16) ar€ inctuded lor @Eparison
with the measured data. Contonr intenals lor tbe a, e and r paueros are 0.2 tim€s unitom,
mnlour intervals ior c are 0,5. FN indicales the position oi the loliarion normal, L rhe lineation
and TD the lramport direction-



er al. 1978, tabl€ 1). The @unting time was
50 s. for each 5'step in the a?ituuth and tilt and
100 s on two background positions after everv
increment in tilt (for the weak c{eflection
coDnlins times were doubled). The delocussing
coiiecti;n in reflection mode is based on calib_
rations Dsing a limestone {ith no prerered
orientation kjndly provided by H. Siemes,

For the calculations of the orientation dis-
tribution function (O.D.F-) lhe digital data
were transfeted to a CDc_computer' The
Drosrans used are based on the methods or
burwe (1969) and Bunge & Werk (1977). The
orientation distribution function is represented
as a series of generaliz€d spherical barmonrc
functions and the pole igures and inve6e pole
ilsures are represented as s€ries oi sPherical
srirtace hamonics. Linear relationships erist
between the coefficienls of the pole figure and
the orienlation distribution series exParsions.
Once suficienr pole figures have been nean
ured and expressed as spberical harmonic ex
pansions. the orientation distribution function
coeffici€nts may be calculated From these
co€ficients it is posible to caLculate serial
sections through the o,D-F., lo calculate in-
veree pole figures and 1o calculate pole figurcs
tor any diffracting plane. In Fig. 1 a ser ol pole
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igures recalculated fron the O.D-F. giv€s an
indication of the consislency ot the input data.
Th€ programs used are general and handle
triclinic specinen synmetry (Casey, unpubl.

Grrphicd represeDtrtion of r€iure drla

Th€ three representations of texture data
u$d in Figs I 3 are briefly introduced here.
for further discussion see Budge (1969) and
Bunse & wenk (1977).

Pol. fgutes \Fis. r)

The prefered oieniation of a parfcular
Gystal dkection js rePresented in an upper
hemisph€re equal area proj€ction with respecl
to specimen coordinates. The specimen X axis
(X) was chosen parallel to the Iineation or
srpposed transport direction (labelled L a.d
TD respectively in Fig. 1), Y. is parallel to lhe
foliation normal (lab€lled FN) and Z is in the
cenire of the pole figure. All pol€ figures in
Fig. I are oriented such that the sense of shear
as infered trom fi€ld geological evidence is
sinistral. The oriertation patlerns are con-
toured in nultiples of a Dniform dhtribution.

71

Frc. 2. Inverse pole ngures lor selected specim€n directiom (deSree or exPansion 16) Conlour

intenals .re 0-i for sp;cineis ?816 (folialion notnal) and specinen 71i 0 5 for specinens 63,

?s22 an.t the c-axis m;xinum of7816;10 ior the exPerinentallv delo.med natble (Irom Casev tl

a l . l978i ,
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Frc, 3. Thlee nurually perpe.dicular sections ltrongh the orientation dislribulion iunction of
selecled specimens (degree oI €xpansion 12lor sPecimens 71 aod 7822, d€8re€ i6 ior specioen
?816). The Dositionsolthe sections forspecinen 7816 aie indical€d by the blockdiagram. Alrows
indicate rhe posilions oi the sections for th€ other specinens, SL indicates the sk.leton line
Contour intervals are 1.0 lor sp€cinens ?816 and ?822; 0.5 for specinen Tl Negative values are

InDeBe pole fgutes (Fi9. 2)

These represent the pr€ferred orientation oI
a part iculsr  specimen ar is in.ryslal  coordi-
nates tX.  paral le l  to [h, ]  or  [1010],  Y.  paral le l
to ta l  or  t i2 i0 l  and z.  paral le l  lo rhe c-axis.
using Miller-Bravais indices). ContoDrs are in
multiples of a unilorm distribDtion.

The otiedation dhtibutio^ fuftction \O.D.F.
Fis. 3)

A giaen orientalion of tbree crystal axes in a
specimen coordinate system can be described
by a set of thiee Euleiid angles (Psi 1, Phi
and Psi 2) specitying the rotalions necessary 1o
bring the crystal axes away fron coincidence
{ith ihe specimen axes and into then acrtral
position. This orienration cati be represeDted
by a point in a block diagram, Fig. 3. The
convention of Bunge (1969, ng. 2.5) is used

here. That is, all rotations ar€ anticlockwise as
viewed towards the origin of the coordinate
system and are perfolmed in the sequence Psi
1 around Z, Pbi around the new & and frnally
Psi 2 around the new position ol Z. The block
diagram is cui in three mutually perpetdicular
planes. The contours indicate the volume frac-
tion of grains with a particular orientation in
t€rms of dultiples of a uniform distribulion.

All pole ngures in Fjg. 1, with rhe exception
ol those for specimen 71, show a strong ten'
detrcy towards axial symmetry around ihe posi
lion ot the . axis maximum. The axial sym-
rnetry is not perl€ct because the ?-poles form a
point maximum rather than a 26' snall circle
as €xpected for perfect synmery. This dePar
ture from axial symmetry tnay be seen in the
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inlerse pole frgure ior the direcrion of rh€ than 1.6 times unitorm. the maximun for 115
.-axis maxinum of specimen 7816 (Fig. 2): rhe is les than 1.4.
conlours deviate from ideal circles and a very
weak ridge towards e is developed. Specimen
7822 shows tbe closest approach to axial sym- Microstructule
net.y (Fig. 2). Morctes rrer

The c-axis maxina ol specimens 63 and
1822 ,F,g.  IJ coincide appro\ imarel \  w h Lhe In specrmen. T8to and 7l  rhe narr i r  grarns
iotrar ion nornal  bul  in s crnens 7t  and 78lo are etongared. wirh axiat  ra l ios up ro t :  t .5.  In
the maxima are displaced flom the foliation a plan€ which is oblique to the foliatioD by 50"
normal by Joo. in rha casr of  "pecimen 7l  and in 78l6 and \ar iable up ro 25'  in 71. Frg.  4.
4u" for  specrmen 7816. t r  borh ca.es the dr ' -  lhe shorter axes ol  Lhe Srains are lherefore
placsment is clockwise irom the foliation nor nearlv Parallel to lhe c-axis maxilnun in lhese
mal, thal is to say in a sebse opposile to the specimens rather than perPendicular to the
sense of shear. The contous f;; c and e in foliarion. It should be mentioned at this point
specimen 63 (to a smaller €xtetrt aho in 7816 thal foliation is macroscopically well deleloped
and 71) in Fig. 1 depart fion small circles as a good rock cleavage in all th€ specimens. In
around the point maximum and the high con, the case of specinen 71 conglomerate pebble
cenrrar ion areas are elonpaled in Lhe Dlane ol  shapes 

" i rh 
an esrrmaled axial  rar io ol

projcrr ionrX Z plane of- the f rn i re srr ; in el ID- 50:10: l rpers comm J Barber '  indicate that
soid). rhe macroscopic foliation is apparently parallel

A more complex set ol pole fgures was to the principal plane of flattening in the finile
obtained fron specimen 71- There is a rela strain ellipsoid
n\el)  { rone Emaximum near rhe fol iar 'on Specimens 7816 and 7l  have Brain nzes
normal and a secondary marimum near rhe br lqeen 5 and l0am. qh' le rpe. imen 7122.
tr leal ,on ,compare rhe {e developed ._ rhe mdble.  E onlv , t ighrt}  @drser s.ained I  l0
shou.de|n rhe inverse pole f igure ior  rhe 50 uml spec,nen 78lo i r  l ree or larger cal . i ,e
fotiation normal oi this sDecime; in Fis. Z). intraclasts: specimens 71 and 7822 contain a
The invene pole figure ioi ttre lineatlon in rl iew isolat€d intraclasts up to 0.5 nm diaDeter
shows a maximuin;ear (f,:d Fig. 2). (Fis.4b). makins up less than 10o/o oi tbe rock

The orienration distriburion fr;cdons for volume. In specimens 2816 and 7822 e twins
both specimens 7876 and 7822 (Fig. 3) are are abun&nt and broad, undllose extinction
characterized by a cylindrical zoie of higher and bent twins indicate that dislocalion glide
concentration Gkeleton line, Bunge 1t69) svstems-were active ln specimen 71 however.
parallel to dre Psi 2 axis. This refleci; rhe hich onlv a lew twins are vjsibl€ in the intraclasls
de8ree of axial slmmerr) around the c-a\"is *d 

rhe marri\ EmDs are free from r$rnnin8.
maximDm {no prelerence for a part icular rola- t r rs lat ter  rpecimen coDlain
rron anele Psi  ,  dround rhe f inalposiLion of  lhe detormal ion band" in the grain inLer io,  dnd
, -dxr i l .  Nore thar lhe por iL ion of  the sketeron nesr lhe Brajn bounddry
I'ne in rhe p.e l-phi ptane ie differenl lor rFig 4b). These suberains have lhe samr
ipecrmen\ 78t6 and 7822. Thrs is an exDres- diameter a\  Lhe marr ix grains. .ueges,rng rhal
.ior ot rhe differenl poririon of rhe c-axis svDrectonk recr)siallizalion b) subgrair rora
marimum relarive to specimei coordinares in tioD mav ha\e lead to lhe fine-grained mo\ak
these two specimens. ol malrix Srains with sraighl and well equilib-

Specrmen 7l shows a more compler O.D.F. Eted grain boundarFs. shich dre rvp'cal ior
wirh a l rs i  c lear ly de\eloped s*eleion l ine and both spec'mens 7l  and ?822. Specimen 7blo.
a oreierence ror Pci2lo lie berween r'ff and however. exhtbirs very serraLed gra'n bound-
a0".  thF co(esponds ro at  leasl  2 our of  rhe ar 'es indical ive of  grain boundary nrgrdr ion
3 r-poles lying .early at 90' to the iinea-
non and n€ar the foliation normal. rhe third
Fpole is parallel to the secondaly m;,imum of Gletrs trer
the Fpole ngure (compare Fig. 1). Specinen 63 of Lochseiten mylonite shows

Two additional specimens of Lochseitenkalk .o maooscopicalty visible tineation. The nicro,
were measu.ed Gpecimens 6 & 115, Tabte sbuciure is difierent from that observed in
l ) .  lheir  or ie.raUon pa e,ns were innbr incr rhe rock.  f tom Morcte\  Lrra.4dl ,  t ;a; . . i ; , ;_
a1d {ea} relar\e lo rho\e already de(, ,bed. ned and cxlremety rnten, i r l  srraine-A rnrra
fbr inr lance the ndx'mum concenrrduon of  the ( ta"t \  oc.u n a \erv much f iner sra,ned marrxp o, ienrar ion pauer-  for  specimen o is te\s \ te ls rhan a few amJ. Thr mai i \  ora,n,  ar .



Frc. 4. For all pholomicrosraphs the nacroscopic loliation is N S a.d perpendicnlar to .h€ plane
of section, rhe supposed sense ot shear is sinistral Thc orienution oi thc photomicrographs
rhcrcrorc corrcsponds to that or rhc l)olc ligures or Fig I (al Specimen 7816i notc broad
deformalion lwins and serated grain boundariesilhe plane ol nrcan graln clo.eatio. is oblique to
the foliat,on. (b)Sp€ciden ?lr nore derdnrltion bhds and berrins h thc larScr intraclan which
arc RattcDcd in thc planc oi loliarion. Not. however rhat th€ narir grains,re nauened in a planc
oblique lo rhe iolialion. (c)Spccincn 7822inrosaic olgrains wnh cquilibrar.d grai. boun,jaries. (d)
Sl].dm.n 63i larg. i.raclasrs wnh defornrtion lwins preierentially oriented parallol to the
foliarn,n in n very 6ne grained recrysrallized natrix.



equiaxial, U{tage measurements on irtraclasls
indicate a very srong prefered orientation ol
th€ c-axes perpendicular to foliation. This, to-
gether with the observation that specimens 6
and 115 with their weak textures contain no
such intraclasB, suggests that the strong lex-
ture of specinen 63 may be atbibuted solely to
the intraclasts which make up about one third

Discussion srd conclusiors

The well established slip sysrems ior calcite aie
? rwinnins, / glide and l-glide (see reviev by
Carter 1976). Experimental defornatioD ol
poly$ystalline calcite. usually coaxial and wilh
a1>o:: a3! leads ro an axially symmelric tex
ture which can be completely characterized by
one invene pole figure ior the shortening di-
rection (Fig. 2). Within the range oi experi
mental condirions where rwinning is of major
importance (low T, high stres) the axh ol
sho.tening rapidly rotates towards the c- and e
axis dneclions in an invese pole frgure rep-
resenration (Wenk et al. 1973\ Casey et al.
1978. Spiers 1979). Wenk er ai. (1973) atti-
bule this texture to the combired effect of
e'twinning and Fglide. Lister (1978), by com-
pute. simuladon of lexture development in
calcite, found thal a maximun near r develops
ir t-slide is as equally easy as r-glide. com-
bined with a lower resolved shear stess for
e-slip. This texture was iound by Wenk er al.
(1973) ai higher temperaru.es and connning

At this point, it is important to stress the
difiicullies of compa.ing experimenlal data
wilh our naturally deforfted rocks which surely
lollowed a rolational strain path (a strong con-
ponenr of simple shear is certainly indicated
fron Reld geologjcalevidence). We krow trom
exper imenls wi th o,+02+or (Kern 1971) a.d
from experiments simDlaling a rotational slrain
path (Rulto. & Rusbridge 1977) that bolh the
ratio of the nagniludes of the principal stresses
and the strain palh influence the resulting tex-
ture- Lister er 41. (1978) came 1o the sane
conclusion based on texture simDlation work.

Obliqoity of t€xtures

An atlempt ro inte.prel the oblique textures
in specimens 7816 and 71 may be made wiih
.eference to tbe experimeits of Rutter & Ru$
bridge (1977). By redelorming coaxially sbor-
tened marble which deleloped a strong c-axis
maximum rear the conpressioD axis such ihat
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the prelious shortening direction was oblique
to the new o, direction they lound that the

rotabs raPidly towards the
new or direcrion. This resulh in lhe final c-axis
maximun being oblique to rhe nnite shorten-
ing axis. Their experidenl nay be qualitarively
compared wilh a simple shear situation, where
lhe sho axis ot the finite strain ellipsoid con
tinuously rotates away fron or, It mighr th€D
b€ expecred thal the c-axis would rotaE away
lrom the foliarion normal (assumed to be es
sentially parallel to the Z-axis of the srrain
ellipsoid) towards 11, a siluarion conpalible
with our obserlations and known sense oi
shear tound in specinens 7816 and 71. Rurter
& Rusbridge (19771 suggesred that this obli
quity arises because tho texture rapidly
"for8ets" its earlier deformation hisrory (afrer
only 35% shortening). The obliquity belween
grain eloDgation and nniie strair observed in
our specimen, as well as the discrepancy be-
tween tbe amount of flattening in pebbles and
matrix grains Gpecimen 71) suggest ihat grain
shape as well as texture may only record the
last stain increments. These featrres are prob
ably dle to grain bounda.y nigration and/or
syntectoric recystallizalion.

As a consqrcnce of this interpretation, ffat-
tening perpendicular to the foliarion during rhe
last inffements oI strain must be poslulated for
specimen ?822, althouSh posiiive neld evi,
dence for this h nissing. Calcite.-axis maxima
oriented oblique to the toliation normal have
been observed in other naturally occuring de,
forhed rocks (Wenk er ai- 1968; Wenk &
Shore 1975). The sense of obliquity may even
tually be used as a useful crirerior lo infer
unknown hansport direction and sense of
shear if more dala should confirm the interpre

Compaisor with experimeDas

A dilect comparison belween inverse pole
Rgures from experimentally, coaxially de-
formed specimens and the inverse pole figures
ot Fig- 2 dust be reskicted to inveAe poje
figures derived for those specimen direcrions
which were parallel to d, during the last strain
increnents. The high deg.ee oi symnetry
arourd the dnecrion ol rhe c,axis maximDm,
conbined with the observation f.om experi
menls that texture nay only record the final
rncrements of strain (Rutter & Rusbridge
1977). suggests that it is probably the .,axis
maximum ihar coincides with the direction of
a, during the lasr sbain increments. Parallel
ism belween the c axis naximum and or.
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would then indicate, by analoSy wirh experi
menlal data, ihar e-twinninS ard Lglide were
the major deformation m€chanisms leading to
the texture develoPment.

Delomatior mechlDbns in the Lochseiten

The weak texture in the Lochsoiten mylonile
sanples 6 and 115 suggests superplastic flow
with grair boundary sliding as lhe dominant
detormation mechanism (Schmid et al.l9'77). a
mechanisrn which would have been ravoured
by the ertremely small grain size lourd in both
these specimens and in the matrix of specirnen
63. The nicrostructure of specimen 63 (Fig.
4d) suggests that this smajl grain size is the
prodlct of synlectonic recrystallization oI fie
larger intraclasls deforming by e-twinning and
glide possiblyon r andt Such a recrrstallization-
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indu@d chanee io defomation mechanism
in the Lochseiten mylonite would have
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obsewation that shear was confined to this
extremely thin mylonite horizon in the Glarus
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