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Shear strain analysis and periodicity within shear gradients of metagranite 
shear zones 

INTROI)I’C‘TION 

Deformation of the c~xittncntal crust 14 otten C~~IICCW 
trated in shear zones with thichnchs r-anging from millI- 
metres to several kilometrcs (Hal\ cut 01 . 1975) and the\c 
are often composed of an anastomo5ing nctuot-k 5ub 

parallel to the shear boundar!.. (icologi\tk have in\.e\tl- 
Fated individual Thcar zone +xometries in order to 
estimate the relative displacement in\c~l\~ed (c.g. Ran- 

say 6i Graham 1970) and to comprehend tecttjnic impll- 
cations for dtxp defor-mation of the litho\phcrc Shcat 
zones are characterized hh ;I Ggmoidal xhi\tcAt\ (~1.g. 
Ramsay & Graham l970. Ram>a! & All~s~)n 1979). 
Strain profile\ published in the litt’r:ltur< have, hctl 

constructed from diaplaccment and rcoric’ntatic~ri ot 
passive markers (Ram\ay ICEi \uch ah surf,lce tract\ ot 
axes of anticlines ( Wei~ermar~ 1 Wi7). tfyhcs ( I’\cher (21 
al. 1975) and crvktalline ;i~grefate\ ( Burg f  12:rurL>.nt 
197X). Some tield workcrb ha\-e ilc3critxxi mtiioi- \hc;lt 
zones parallel to the hounder\ elf kll<~m~tres-\\Itlc‘ 
thrust-sense shear LOIIC~ (c.g, (irocott S: Wattct-xc>n 
1980). The amount (It defot-mation. the Lvidth and the 
density of the minor shear ZOTKY ~nc‘r~~‘a~c~ concurrcntl~ 

toward the central part of the I~I-~c W;IIC \hcar Lone 
(Escher rt 01. 1Y75). ‘l‘hcrcl~~t-c. \traln i\ locali/cd at 

several scales in a rock volunlc. I)ue to the $carcitv OI 
markers and subsequent Iach 01 io\ c~l-a~gc’ ot I11c‘;I\LIIc‘ 

mcnts. high t’rcyuency variations are in practice 
moothcd .ind profiles arc drawn as approximate expo- 
nctltlal curlcs (Ramsay IYXU. Key IYY3). 

In thic stud!,. we ;ISSU~IC that granitic rocks are poly- 
phase .iggrzgates and the rock strength is primarily 
Grover-ncd t3\ the volume fraction of the least competent .- 
ph;i\c (Huri R Wilson lYX7. ‘I‘uHi\ ct (I/. 1YYl). Strain 
lnca\ut-cmcnts arc based on the orientation of schistosity 
( tiamsa~~ R C;raham lY70) and on the shape analysis of 
elliptical detormcd particles and polycrystalline aggrc- 
cT;itc’4 (I)uril~ct IW)). Iiiiac!c analvsis is applied to isolate .- 
qu.lrt/ gr ;itn\ in photogaphs of shcar gradients. Strain is 
m;tppc~l ()I: p~~liahcd rock xctionq cut parallel to the 
iinc%ation ;~ncl perpendicular to the foliation (XZ-plane 
ot the strain framc,work) to draw shear strain profiles at 
c’r;lln cc.,~Ic. Silznal analvsi\ techniques are applied to 
sctcct \\ hcthcr strain magnitudes are periodically dis- 
t rlbuted on the shear strain maps or the equivalent shear 
\tr,liri pl-l)lilc’\ 

IMAGE ANALYSIS 

l‘hr~~~~ \hcar 70~s resulting l’rom a single ductile shear 
i*\c’nt ;IIC dc>scr-ihcd in this paper (Fig. I). They were 
chosen frc,m differtxnt geological settings. so that strain 
/~;II titioning Icaturcs can be attributed to parameters 
ind~~pcn~lt2nt cjt geological history. 

Sample I (Fig. la) ih :I minor ductile shear zone 
t-ill:ited to ;I kilomctre-wide, duc?ile transcurrent fault 
I 1 AI blat, tw tault) in the northel-n French Massif Central 
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(Choukroune etal. 1983). The regional shearing episode 
was dated to 310 Ma (Choukroune er al. 1983) and the 
granite was dated between 315 and 325 Ma (Duthou er 
nl. 1984). The protolith is a leucogranite with an average 
grain size of about 0.2 cm (for quartz, K-feldspar and 
plagioclase). The polished rock section is ca. 20 cm wide. 
A continuous gradient from extremely deformed to 
nearly unstrained granite is exposed. For the sake of 
simplification, we will use the term mylunite to describe 
the strongly foliated facies forming the intensely 
strained part of the shear gradients, where the foliation 
has been turned to parallel to the shear plane direction. 
Temperature of deformation was 400°C + 50°C (Rey 
1992) and the sample has experienced plane strain 
(shape of the strain ellipsoid. K ~1; Flinn 1962). 

Sample 2 (Fig. lb) comes also from the La Marche 
area. The mean grain size of the granite protolith is 
approximately 0.5 cm (for quartz, K-feldspar and 
plagioclase) and the rock section is nearly 40 cm wide 
from the mylonite to the granite. From petrological 
evidence (crystallization of muscovite at the expense of 
K-feldspar) and from microstructural measurements 
(quartz c-axis diagram showing prismatic <a> glide 
mechanism: Rey 1992), the temperature of deformation 
is estimated between 350 and 450°C. This sample has 
experienced plane strain. 

Sample 3 (Fig. lc), from the Pinet laccolith (Eastern 
Rouergue in the southern French Massif Central). has 
been fully described by Burg Kr Laurent (1978). [‘T 
conditions of deformation are T 2 350°C and P 3 1.5 
kbar (Burg & Teyssier 19X3). Strain analysis was done in 
X2 thin sections (i.e. the plane perpendicular to the 
foliation and parallel to the lineation). cut perpendicu- 
larly to the mylonite foliation. Grain size is about 0. I5 
cm in the less strained protolith. The continuous section 
studied. 15 cm wide. presents a gradient between high to 
low strained fabrics. Deformation is plane strain. 

Strain murkrrs 

In the three samples, quartz is sufticiently abundant to 
build an almost regular and compact network (35 vol- 
ume per cent; Fig. 2a) and provide a high density of 
measurements. The amount of polycrystalline quartz 
aggregates has no significant variation across the gradi- 
ents, which suggests bulk isovolumetric deformation. 
Evidence suggests that quartz accommodates most 
strain of the rock by plastic deformation involving dy- 
namic recrystallization. Although the change in shape 
and orientation depends on several factors. including 
the state of finite strain and the mechanism of defor- 
mation (Ramsay & Allison 1979). analysing quartz grain 
shape may still provide a means to estimate the mini- 
mum strain for small amounts of tinite strain. Therefore, 
we use quartz to estimate strain in the shear gradients. 

Samples have been sawn according to the structural 
measurements. The polished cross-section are perpen- 

dicular to the foliation plane and parallel to the linea- 
tion. These X2 sections are scanned in order to obtain 
256-grey tone images. The resolution was taken as 200 
dpi (dots per inch; 79 pixels cm-‘), and so, representa- 
tive grains are represented by at least 10 pixels. Quartz 
aggregates (Fig. 2a) are identified by image analysis 
software as light-grey particles which we call grains. In 
order to analyze the shape of individual grains, grains 
still connected after automatic analysis were separated 
manually after referring to thin-section photographs. 
The shape analysis was performed on separated par- 
ticles. The image was rendered binary and the grain 
shapes were quantified by fitting ellipses to the grain 
outlines. The ellipse axial ratio (R) and long axis orien- 
tation (0) define the grain shape fabric. The mylonite 
direction equated with the C-plane direction is taken as 
the reference for the orientation 8, positive in a clock- 
wise rotation. We will first present in detail the analysis 
carried out on sample 1 to test the validity of the method 
and results. 

STRAIN DISTRIBUTION WITHIN THE 
MYLONITE GRADIENTS 

Strain unulysis methods 

Shear strain has been estimated and checked, using 
four recognized techniques. The data acquisition pro- 
cess provides for each grain. both the ellipse axial ratio 
(R) and its long axis orientation (0). They are trans- 
formed into the shear strain (y) and the axial ratio of the 
strain ellipse. Strain values have been determined using 
the shape analysis of each quartz grain and using the 
autocorrelation technique performed on extracted im- 
ages with a squared outline; those method are compared 
only on sample 1. 

With those methods, we estimate only the penetrat- 
ive. bulk deformation and therefore we have not 
accounted for strain accumulated in shear bands (Fig. 
2b. C- and C’-planes of Berthe et al. 1979). Conse- 
quently, methods based only on the reorientation and 
ellipticity of strain markers underestimate the total 
strain. 

H-tnup (orientution of’ long axes of ellipses). Orien- 
tation measurements from grain to grain are interpo- 
lated to create a regular grid of data with a squared mesh 
of approximately 0.25 cm2. The resulting map is inter- 
preted as the shear strain distribution (Fig. 3a), shear 
strain values (y, gamma) being calculated by the angular 
relationship y = 2/tan(28) (Ramsay & Graham 1970). 
Quartz grains are flattened parallel to the schistosity and 
angles 8 between the shear direction and schistosity 
range from 40” in the less strained facies to 5” near the 
mylonite centre of sample 1. Weak shear strain appears 
localized in bands 2-3 cm wide parallel to the shear 
direction and, hence noticeably larger than the ca. 0.2 
cm grain size. Major bands are situated at 1.8 cm (#l), 
5.5 cm (#2), 12.3 cm (#3) and 19.3 cm (#4) from the 
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mylonite (Fig. 31). Band (p I ) IX c~~~;II~;Ic~L’I~I~c~~ 1,\, the 

strongest shear stl-ain (;I :* 0). Ihclopnienl and nicrg- 
ing of shear plants in this hand ma\ induct localization 
on a continuous, tine grained (pin size - 50 I 
network. The three other hand\. v+ith shear strain ~alucs 

around 3 (Fig. 3a) corrc5poncl to domain\ of low shear 
plane density (Fig. 21~). 

R,-rr~rrp (sllrr~)c~ rtrtios ) [‘hi\ clllpticlt\ 01 the 4tralried 
quartz grains (shape ratio li,,, .i’!;/. .\’ ’ long axi\. % 
short axis. Ramsay & IHuber IYSi) !,ield\ the linitc strain 
distribution. The same interpolation ;I\ aho\ c n as 

applied to obtain a smooth4 gr-id and ;I map (Fiy. ihI. 
Finite strain variations tit the SIIIIC tour Ixincl~ :I\ thcw 

revealed on H-maps (conipai-c al-i-on Ialwl\ I. 1. .i and J 
on Figs. 321 Cyr b). There IS II progt-c\\l\c IIICI’C;I~C 01 hapc 

ratios in correlation nith ciccr-e;i~~~~ ,+ !  (1 ;lnylc?l Fi-\~Ill the 

comparison of the shear \trairl n?al’ lf’ig. 34) 2nd ttic 

finite strain map (Fig. 3h). LVC‘ can IL%\! \\ hcthcr- strain I\ 
purely simple shear for e:1c11 ~N;II.I/ sr-a111 f,or fxt-f’c~~t 
simple shear, the asi;il ratlo ot the \t irain m;l~-hcI-\ ;I~-c 

related to the orientati~~n 01 thcL marhct- I>\: KL 
(cotan(H (Trcagus IYSI ). ‘Ihc rl’l;itivc cr-r-,1;- (( li, 
R,,,)/R,,,) is, on average. 0. I “,) tol- the qti;it.t/ erain\ ot the 
sample I. This error ma\’ tw ilttr-ihutilblc to the intlucncc 
of the non-simple shear rot:itic>n ot the h:trdcx1- pha\c’h ( K- 
feldspar. plagioclase and bicltitc) on lhc cluai.t/ grain 
shape. Thcrefoi-e. we con\idcl th.11 n101c th:m OO”,, ot 
quartz deformation is due to \~mple \hc,al. ;tnd the* dic;ll- 
strain analy\ia hascd on the simpli‘-ktic;ti. equation 
(y = 2/tan(X)) is valid. 

\hlt’tcd ;~long the sampling interval. Here, autocorrela- 
tloii hx5 applied to binary images of quartz grains to 
catlmate strain components acting on the strain markers 
(quart7 grains). Orientation (0,) and ellipse axial ratio 
(I<,) mcasurcd on the central part of the autocorrelation 
~nl,~ge ;IW consistent with those obtained with the centre 
01 gravity of the quartz grains, using the classical I?-0 
;In:ilysis (Li\lc lY77) and the normalized centre-to- 
L~cntro plot\ (Erslev IYXX). Because of numerical con- 
\tr;rint. the initial photograph is cut into squared images 
of 178 .* IX pixels (2.6 cm’). The extracted images 
contain approximately 30 grains to define significant 
strain parameters. The images overlap by half their size 
\erticallv and laterally so that the measurement grid has 
;I rcgulat- mesh of 0.X cm. We ohtaincd a map of shear 
\traln (I-ig. 3c) from the mean grain shape preferred 
orlc‘rltatlon. 0,. using the same equation as earlier 
(;, = 7!tan(?H,)), and a map yielding finite strain (Fig. 
id) from the H,ellipticity of the average grain. The ACF 
tnxps of ~amplc I (Figs. .3c & d) show again that strain is 
locali& in almost the same bands. yet more discontinu- 
ou\. than those revealed by the point-to-point analysis 
(PI?\. 31 & b). Discontinuity in shear band localization 
ma!’ hc I-elated to the initially non-random distribution 
OI quart/. Therefore, strain parameters estimated with a 
li\cd G/c square measurement window do not have the 
umc significance for different positions in the image. 

I‘hc strain distribution analysis applied to quartz 
gi-;tlns ,~nd AC’F techniques yield essentially similar 
result\ ;IIILI give ;I pattern of heterogeneous strain in 
b;inds near-ly parallel to the shear direction. Therefore, 
thc\c hand\ of strain localization are not method arte- 
tact\. ‘l’tlc orientation of polycrystallinc aggregates (i.e. 
\chisto\lt).) with respect to the shear direction provides 
the fahtcht and the most accurate technique for estimat- 
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5 cm 

ing the strain cllutributl~~n. \\hlc.h \LC‘ ~111 apply III thCs m;rp4 ( Figx. 41 Kr b, rusprcti~ely). Strain distribution is 
following \cclion. not ;~h clear as in sample 1 and is influenced by the shape 

ot the sections studied having length much too large with 
Rrs1rlrs o/ sff’tr/,r o,rir/i-\,! ~rc~pcc‘t to Lvidth, which produces edge effects in the map 

intcrpolarion. Despite this problem. a band of high 
The anal!si5 c>fc;tch quill t/ c “t-;tlll \hapc t\;ls applictl 011 shear strain (1, = 6.8 for sample 2, Fig. 41; y = 13 for 

SLlJIlplc 2 :llld \,llTl}liC 7 ill l)lCic’l to Ilhtilill \he:lJ htJ;lin ximplc .3. Fig. 4h) is located close to the higher strained 
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Strain protiles pCrpcndiculat- to the dlcat- dircitioti 
(Fig. 5) are dt-awn from rhc \tt-i1111 nl~rp Data XI-C put 

together on a synthetic sinylc profile tn order to and\x* 
the major shear strain \ at t;rtt~~tl\. Vv’c have calcul~ttctl 
from the strain wlucs the lwst fittins I‘UIV that COITC- 
spot& to an cxponcntial pt-ofil~~ (Ftg. 5). I‘hi\ csponcib 
tial tit protilc is con\idcrctl ;I\ ;I i~/c,X qr~~r~rd \tratti 
profile. It is cotnpatihlc ~1 rth !ttc. s~~~w~tlicd protilc oh- 
tained bv the technique LI~I~I~ ’ t t1c ;Itl~lIl;ll- dcflectlotl t,t 

the tract of paA\:e strain mat-kct-5 ( Ramsa\ IWO) 
Bands of strain localization on the map\ correspond to 
peaks on profiles. with 4tr;ttn \;rluc\ (A; Ed Z-0.5) higher 
than the csponential ptx~tilec f biy. 0) r‘he\e pc;l~\ 

Stt-:IIII tn~rp and protilc\ 5uggest. iit first glance, a 
f~c!-t~xtic ili\tril7uttoti 01’ \,train. I \\o tcchniclues may he 
;tpplicd on ,I dixrctc Ggti;tI t(f analyst significant frc- 
qttLtncic\ ‘I‘hc f’a\t F;ourict- tran\form (ITT) is the easiest 
tnc‘l hod to clc.lc‘rmitic lob f I-c’cfucncies ( ft-equency num- 
/~c,I lllO(I). Signilicant periods of :t si~tial arc isolated 
pc;11\4 clt hteh atiiplitudc (the Ggnal-to-noise ratio is 
tahcti to tw yeatcr than IO). ~I‘hc \tati\tical analysis 
(‘I‘homv~ti l%S7. lioh~rt (‘I (il. lOS7) tiidv hc applied to 
IIOI\L. ~IXCI-CIC signal\ 10 tlctcrtninc Ggnificant high frc- 
I~LIctlctL’4 ~Irc~c~Lletlc\ Illlrnl~c~l~ . 1000) \\,ithout artefacts 
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strain proflle 
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due to sampling and spectral leakage (Park c’t [I/. 10x7. 
Negi rt01. 1990). In the spectra obtained from the thrcz 
strain profiles, significant navelengths have pcriotls 
larger than 2.5 cm (i.e. frequency numhcr es 20). Thcrc- 
fore. profiles digitized with a regular sampling intcl-\aI 
(d) have been analysed hv the fast Foul-icr transform 
W-3. 

In general, the one-dimensional discrete Fourit>r 
transform for a discrete series of spatial mea\urerncnt\ 15 
given by the equation (Berg6 PI crl. 19(Q): 

where i = \ - 1 : I\ = I. . ?I: .A,. discrete spatial sc’rIc\: 
X,, Fourier discrete scric4. 

l‘hc I‘requencv band given bv the discrete FFT is 
limltcd hy two different considerations related to initial 
sampling. First. digitizing the input strain profile with a 
qampling interval (d) introduces a distortion of the 
highest frequencies. known as ‘aliasing’. However, the 
highest frequency can he rcatorcd by discretization and 
is called the Nyquist frequency. It is related to the 
sampling spatial interval (II) by the relation (Berg6 etal. 
I VI? 1: 

\\ hcl-c /‘if’ the spatial frequency. 
Second. the total length of the sample analysed limits 

the IOLV t’rcqucncy content of the spectra. It also provides 
the gale factor which allows the conversion of fre- 
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quencies into wavelengths. Finally. we also took into 
account the wrap-around problem (Press et 01. 198X) by 
computing the FFT spectrum on the profile and its 
symmetrized portion. Thus the function is by essence 
periodic in a mathematical way. Computing the spec- 
trum on a symmetrized function does not introduce 
artefacts and reduces the high frequencies introduced 
when the FFT has to take into account the step differ- 
ence in extreme values at the end of the profile (Gibbs 
phenomena). 

Periodic, distribution of‘shrar .strnin 

The computed spectra (Fig. 5) show that the highest 
contribution of strain is within the low frequency range 

(frcqucncy number c 5). However, smaller peaks at 
medium frequencies (5 G frequency number c 20, Fig. 
5) suggest that other components with distinct wave- 
lengths are present. These secondary peaks reveal some 
harmonic component since the sample 1 spectrum pres- 
ents peaks at frequency numbers 10, 20 and 38. Simi- 
larly, in the sample 2, secondary peaks are at 12,24 and 
36. In sample 3. peaks occur at fundamental frequency 
number X. 16 and 24. The systematic presence of har- 
monics may indicate either a periodic distribution of 
strain superimposed on the large scale. or a low fre- 
qurncj decrease in strain from the central mylonite 
zone. IIue to the large amplitude of the low frequency 
component in the spectrum, we extracted the medium 
frequency component from the total spectrum to better 
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determine the ncitr field cotidttion\ ~4 hich rule the \1r;ttn 
localization. 

The far field. which ba\tcall!~ includes the IOU I‘rc 
quency component. ha\ been fitted using an cxpont‘ntial 
curve of the type ;’ = A cxp (-/IX) to the strain pi-t>lilc 
(Figs. 5a-c). Then. the c~ponential fit computed tt om 
the strain values i\ removed ironl the strain pt-“tilt> 
before a neh FFT an;tl\Gs pr-~>\icle4 the near tield 4pcc- 
trum. For each sample. the local ficld and ifs assoct;~~cti 
new spectrum arc‘ computed and displayed in Fig. 6. I‘hc 
near strain field corre~pondtng to the three \atnple htt-ain 
profiles (Figs. h a-c) \hows ;t ION strain trcgion in lhc. 
immediate \.icinit), ol the mvlonitic wont’. and w\cr;tl 
intense shear band\ at t-egular intervals. On the ;t\\oci 
ated frcquencv spc’ctra (Figs. h&f) two or three px;~k\ 
reflect the periodic Ggnaturc of the signal. On satnplc\ 2. 
and 3. the Ggnal pr-c\cnts ;I maxitnuni at treclui~ti~~\~ 
numbers 8. 16 and 27 and 1. 12 and 19). respccfi\,cl! In 
the sample 1, t\vo peak\ arc LVCII detincd a! t’reqttcnc!~ 
numbers 7 and 20 and two ~m;~llet- peaks occur at I I ,~n~l 
Il. Due to the io~v resolutton of the total \pectr-,t on 
which the cut-off fr-cqucnc\ has been set at 50. tt i\ 
tempting to interpret the ~ariotts peaks as hat-manic 
frequencies (7. I3 and 7 I in the sample I: 8. Ih and 2-l iii 
sample 2 and 6. I2 and 18 111 xamplc 3 1. When tranhpo\cd 
into the spatial dom:rin. the basal frequent!, a<\cjci;ttc‘tl 
to the first harmonics indicate\ ;I periodic occurrc‘nc’c’ ot 
strain tvith a wa\,elt:ngth ot 2.s cm for sample 1. 5 c‘m lor 
sample 2 and 3.S cm for- s;rnipli’ 3. 

In order to make c<)mpariaons betv,ccn the tht-cc* 
shear zones. we have dctermrnetl sotnc \,alue\ of Intcsrc’st 
regarding the central IOVY strain t-cgion. well ;I\ its wtdttt 
(II,) and the intensities ot \rrain in the central mylonlt~~ 
(int(0)) and at the first \hcar band (int(1)). 1%‘~ ;IIWI 

;111 0. I<t and AC’F methods applied to achieve a quanti- 
tative analvsis (Figs. X--d). 

Parndoxicallv. the very high strain of the mylonites is 
not detected within the ;hrcc mylonite zones. Instead. 
centrex of the mylonites appear as bands of small strain 
\~llucs. although the rnylonites present extremely 
cl~~ngateti quartz grains sub-parallel to the shear direc- 
tion ((‘-S angle 5 5 “), Strain analysis methods based on 
grain shapes and orientations appear therefore not 
appropr-iatc to measure shear strain on the intensely 
dcformcci facies (1~ 2 10). This may result from a change 
itt mechanism of quartz deformation (i.e. form ductile to 
cupcr-plastic) below ;I critically small grain size. 

Wc have tested the cffcct of the strain intensity in the 
ccntre of the mylonite (int(0)) and at the first secondary 
\ltc’;tr band (int( 1)). The ratio int( l)/int(O) is large, 
ranging from I .9 to 2.5 for our samples. These large 
ratios arc significant and cannot be attributed to errors in 
the dctcrrnination of the strain map values. On the strain 
tntensity protiles. the width of the low intensity strain 
/one varies as a function of the strain registered in the 
tirst \ccortdar>, zone (int( I)). ‘l‘he lower the intensity of 
rhc secondary ctrain /one. the wider the low intensity 
/enc. in order to get a better calibration, the average 
\tt.ain has been computed by integrating the strain over a 
tinitc width and by computing the strain by length unit. 
Both sample 1 and 2 yield similar strain values (r = 1.48 
2nd I .5?. respectively) whereas sample 3 is more highly 
\tt-ained (T = 4.5). This result corroborates the obser- 
I :ttion of ;I pronounced alignment of the shear bands 
close to the mylonite in sarnple 3. In the other samples of 
cqu;11 strain intcnsit!,. the size of the low strain zone 
L\ idcns with the grain size. 

cxtr-act from the strain intcnstty profile the avct;~gc 
strain value, as the integral 01 stratn. norm~tlizetl b\ till‘ 

771e 1012~ fk~qllrtlcie.7 corrlporietlt of’tlle .spectrum 

length of the protilc (Ramsa> IWO) All value\ at-c g11crt 
in Table I. 

Sc\,cral author-\ ha\,e indicated that a total shear value 
(,V) cannot be obtained by the single ratio of the ampli- 
tudc of displacement to the width of the displaced zone, 

DlS(‘I.SSlON but onI! b!, the integration of the displacement (Ramsay 
IWO): 

the three samples csamined in discrete +e;tr band\ 
parallel to each other and to the most deformed nt!,lo- It Ilab been suggested that strain is distributed expo- 
nite zone. Thcsc b:tnd\ at-c indcpcndcntlv recorded b\, ncntiallv in the shear gradient. In our samples. shear 



strain (1~) along the profile (.I-) i\ approsimatcd 1,~. ;I 
decreasing cxponcntial function ot equattoti type‘: 

in which .A and 1) arc fitted coeffictcnt\. kutnin~ng thctt 

values for each samples. WC WC‘ that the po\vc~- coef- 
ficient (h) increases bith grain \ilc‘ (Table I) and the 
constant coeflicient (.-I) \vcaht~~ ccjrrelate\ to the accrage 
strain (7). But, the small number of wtnple\ preclude\ 
any large scale interpretation of’thcw ccwfficienth. 

To in\,estig;rte the niediuni treclucticic>4 component. 
we filtered the strain pt-~‘titc h\ r~~movtng the tow fre- 
qucncies component. Fittet-ins i\ ;t 14ctt kno\vn prows5 in 
potential field methods to sepat-;ttc the Iat- tictd ef’ect 

(low frcquencics) from the Iic‘itt- tietd cftcct (medium 
frequencie\). The twulting data arc then an;tl!scd b! ‘I 
FFT process and peaks appca~ in the IILW tt-c,clucncic\ 
spectrum (Fig. 6). The tiltc’r proccsh emphasi/ex the 
medium part of the hpcctrum and &KS not ;~dd Gsniit- 
cant artefact\. Peaks 111 the ktr,ttn pr<ltitcs\ (Fig. 5) h;t\-c 
an approximate \~avetength tort-e\pondtttg to that cr~n- 
puted from the FFT anaty~\. In .tdditton. thL* three 
peaks of the frequcnc;~ spectrum ititct-pt-cted ;I\ hat-- 
manic freyuencie~ reintorcc the tnt~~rprct~rttoti cjt ;I pc~-~ 
iodic distribution c)C \tr;riti along the ptotilc 

The distributiotl of tocatizcd htgh \tt-attl b;tnd\ I\ \‘cI-\ 
different from the Fr;ttn Gzc, 40 it c~annot tw introduced 
by the wmpting inter-Lat. In ;itI wtiiplt~~ the ~oniputed 
wavelength of the periodic distrtbution 01 \tratn I;III~C‘~ 

from 2.X to 5 cm \\.hercah the $I-at11 <I/C’ 15 11. I %().I cm. In 
addition. the samplin g t-ate i\ :tbclut II) pi\ct pet gt-;riii 

Thcreforc. the shear band di\tt-ibutton ,~nti tt\ a\~jc~a~t’ci 
wavelength does not rci;utt i’rom wmpl~n~ at-tct’act\. In ;I 
similar way. the strain intctisit! profitc\ prc4cnt sc>\cral 
peaks. u,hich alIo~.\ the FFTproct~~~ to opcratc. At lea\t 
three peaks arc quite dirtinct on the thrcc \tt-am protile\ 
(Fig, 5). So MY mav cot~cludc that the pcrtodic di\trt- 
bution exists. at tca;t at the wmpt~ \catc. and ctoc~ not 
rcsutt from artefact\ in the FFI ,in;11\41~. I Iowc~ct-. once 
the existence of diact-etc paraltct \hc,tr banct~ ;tt-c cow 

sidcred. cxptanaticjn\ mu41 focii< on ~~ii’cli;itiiwi~ b.tiicti 

determine5 such pcriociicit!. One ccjti\i\t\ in ha~itig 2 
real pcriodicir! in shear b:inils. I‘his c‘\t\t\ iii ~x~td c\pet-I- 

mrnt5 or can dcvetop in l-urit%t-4 twtids in hot-rollctl 4icat 
(Harrcn CI t/l. l%W. Han\ctl IWO) Otw altcrnati\c 
explanation rctntcr to ;I pcriodtc di\tt-tbutic~n 01 wcake~ 
mineral uhich conccntratc4 dctormatt~>n lloMc\cr. \\c‘ 
examined the distribution ot quart/ aggrcqttc\ (Fig. Jai 
and found that it dot\ not \hcw ;I bctt~r~J~eiic~~ii4 di4trw 
bution. 

(‘ON(‘I.L’SIOI\ 

Strain anaty\i\ 01’ three minor \tic‘;ir- /on0 \uggc4t\ 
heterogeneous strain pattern4 OII .\‘% maps. ‘l‘hc map 

have a detailed rccolution ~IIC tcr the pcltnt-to-potnt 

C~n;~t\~i~ obtained from quartz distribution. From this 
study. the following points may be underlined: 

( I ) Shear strain decreases exponentially from the 
m!lonitc to the granite protolith. 

(2) Finite strain (I?,) and shear strain (11) are localized 
Into discrete bands sub-parallel to the shear plane of 
continuous shear zones. 

(3) 1 .ocati/.ation bands correspond to domains of nu- 
mc’rous and merging shear planes. 

(1) The bulk distribution of the shear bands is per- 
todic. Vet-turbation induced on regular strain profiles 
~~c~rre\pond to two or three distinct wavelengths. 

(5) ‘I‘hc intensely sheared. central part of ductile 
shear zone\ IS characterized by a change in deformation 
mcchant\m or tnay be related to other reaction processes 
in\ 01~ irig quartz (mass transfer of silica, for example). 

4t that gale of observation. the strain localization 
m;~y bc due to physical parameters such as grain size 
( lit-oncnbcrg & Tullis 1984, Dutruge rtaf. 1993) mineral 
\t~ength and rheology or viscosity contrast (Treagus & 
Sokctuti\ lW2). We have to make further observations 
to ;~n;tt~w the intluence of thew physical parameters on 
\tt ain toc;itication. 
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