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Al~traet--The main lithological features and structural relations of the South Armorican Shear Zone (S. A.S.Z. ) 
are described and the evolution Of physical conditions during deformation is outlined. Age constraints on the 
timing of shearing deformation are discussed and an attempt is made to place the S.A.S.Z. in its regional 
geodynamic context. 

I N T R O D U C T I O N  , ~  ~ 
MOST of the structural evolution of the Armorican _,I.,_ , ,.. 
massif has taken place during the Cadomian (late Pro- 
terozoic) and Hercynian orogenies. Cadomian events 
are particularly important  in the northern part of the , , . . _ . - ~ ~  ( 
massif and may be related to plate tectonic processes as ~ -  - ~ c 0 ~ N ° r t h  ort / d: 
proposed by Lefort  (1975) and Auvray (1979). The ~ a0m'0in 
southern part of the massif also provides evidence for Centrol arrnorican " - - - - - - - - - - - - - - - - - - - - - -  

models for 
the operat ion of plate tectonic processes and various domain 

paired metamorphic  belts during pre- ; o ~ _ ~ ~ ( N o ,  / 
Hercynian and Hercynian times have gained support  " ' " ' u r ¢ o n ¢ o ~ _ ' 4 . ~ ' c ' ~ . ~ ~  /i... 
(Nicolas 1972, Carpenter  & Civetta 1976, Hanmer  ~ ~  ~ A ~  ."iil I 

Later,  during Hercynian and late Hercyrfian times 0 50 '100Km. ~ 
(Arthaud & Matte 1975, 1977) the whole of the i i 
Armorican massif seems to have undergone deforma- 
tion related to a major  continental collision (Cogn~ 
1977) and there is a characteristic development  of duc- 
tile shear zones (e.g. the North Armorican and South 
Armorican Shear Zones)  (Fig. 1). Fig. 1. Sketch map to show location of main shear zones within the 

Armorican massif. Major domains of the massif also indicated. 

The North A r m o r i c a n  S h e a r  Z o n e  (N.A.S.Z.) (N.A.S.Z.) North Armorican Shear Zone, (S.A.S.Z.) South 
Armorican Shear Zone with (NB), northern and (SB) southern bran- 

ches. A: Angers, B: Brest, N: Nantes, Q: Quimpes. 

The N.A.S.Z. is an important  shear zone recognised 
by Chauris (1969) as passing through the Mol~ne - 
Moncontour  lineament. This l ineament (Fig. 1) sepa- G E O L O G I C A L  S E T T I N G  O F  T H E  S.A.S.Z. 
rates the North Armorican domain, characterised 
principally by Cadomian magmatism, metamorphism The S.A.S.Z. lies between two domains within the 
and deformation,  from a Central Armorican domain Armorican massif which have suffered contrasting 
where Cadomian effects are weak. Dextral movement  metamorphic  and structural histories (Fig. 1). To the 
across this l ineament appears to be in the range of 20 km North, the Central Armorican domain is made up of a 
at the present level of outcrop, although important  late Proterozoic (Brioverian sedimentary succession) 
lateral displacement may have preceded the intrusion of (Le Corre 1977) and its Palaeozoic cover. Both these 
the Hercynian granite markers (Watt & Williams 1979). units were deformed and metamorphosed (Hanmer  et 

al. in preparation) during the emplacement of 330 My 
The South Armor i can  Shear  Z o n e  ( S . A . S . Z . )  two-mica granites (Vidai 1973). 

To the South of the S.A.S.Z. lies the South Brittany 
The S.A.S.Z., as defined by Cogn6 (1960) cortes- metamorphic  complex, composed mainly of granites and 

ponds not only to the main E - W  and N W - S E  trending medium to high grade schists and gneisses. The struc- 
branches of mylonite in South Brittany - Vend6e but tural and metamorphic  evolution of the South Brittany 
also to the deformed zone between the two main bran- metamorphic  complex is essentially pre-Hercynian,  
ches. This study presents the main petrographic and probably related to the development  of a paired 
structural features of the S.A.S.Z. and aims to charac- metamorphic belt between 430 and 380 My ago (Peucat 
terise the development  of shearing phenomena in the et al. 1978). All the granites and variously metamorph-  
region, osed rocks of the South Brittany metamorphic complex, 
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Fig. 2. Geological sketch map of the South Armorican Shear Zone (I) Pre-Hercynian orthogneisses (480--430 My). (2) 
'Anatectic' granites and migmatidc gneisses (430--380 My). (3) Hercynian biotite granites (? 34,0 My). (4) Hercynian two- 
mica granites (330--300 My) (leucogranites). (5) Late Proterozoic (Brioverian) metasediments. (6) Lower - Mid Palaeozoic 
metasediments. (7) Stephanian sediments. (8) Main zone of mylonites and cataclasites. (9) Dolerite dyke (- 190 My). ( I 0) 
Northward dipping mylonite zone. (! I) Faults. (12) Biotite-in isograd. B: Baud, J: Josselin, L: Lorient, N: Nantes, 

Q: Quimper, Qe: Questembert, V: Vannes. 
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as well as parts  of the Central  Armor ican  domain,  are parallel or slightly discordant to that observed in the 
involved in the succession of events related to the nearly vertical shear zones already described, and schis- 
deve lopment  of the S.A.S.Z. tosity planes dip 20-40* to the NNE.  Whereve r  the 

sheared material  is granitic, a dextral shear component  
can be easily demonst ra ted  (Berth~ et al. 1979). North  

T I M E  R E L A T I O N S  A N D  G E O M E T R I C A L  of Vannes,  the shear zone is mainly composed of 
D E S C R I P T I O N  OF D E F O R M A T I O N  IN T H E  ultramylonitised quartzitic phyllites. Typical phyllonites 

S.A.S.Z. (Fig. 3), corresponding to the descriptions of Higgins 
(1971) and Sibson (1977), are also observed with cross 

Northern branch of the S.A.S.Z.  cutting deformed veins of two-mica and muscovite gra- 
nite. All the ultramyionites of this zone show abundant  

First of all, it should be noted that the two main bran-  non-cylindrical folds (Fig. 4) (Bell 1978, Quinquis et al. 
ches of the S.A.S.Z. become  difficult to distinguish f rom 1978); some of which resemble  sheath-l ike structures. 
each other  as one proceeds westwards f rom Quimper  The  axes of these sheath-l ike folds are generally parallel 
(Fig. 2). The  nor thern branch of the S.A.S.Z. is sub- to a sub-horizontal  lineation aligned N 90-100"E (Fig. 
linear and extends for about  300 km along a bearing N 5). Orthogneiss  lithologies within the shear zone show 
100°E f rom the Point du Raz to near  Angers.  In its asymmetr ic  pressure shadows around feldspar grains 
western part,  the nor thern branch is relatively easy to which indicate a dextral shear component .  
trace (W of Josselin) and mainly cuts across the Hercy-  The total thickness of the north dipping shear zone is 
nian two-mica granites. The shear zone itself is unknown, but probably  exceeds 200 m. Vertical cata- 
300-400  m wide and made up of mylonites and clastic shear zones are seen to cut across the nor thward 
ultramylonites.  Mylonitic schistosity is vertical or dipping ultramylonites,  and strike in the direction N 
steeply dipping to the N and the stretching lineation is 110-120"E. 
sub-horizontal .  Both mesoscop icandmicroscop ics t ruc -  Poor  and discontinuous exposure throughout  the 
tures remain unchanged throughout  the length of the region make  a detailed examinat ion of field relations 
shear zone and provide evidence for dextral shearing between vertical shear zones and north dipping 
(Berth~ et al. 1979). Cataclastic effects become more  ultramylonite units very difficult. Some general points, 
marked  towards the western part  of the zone. however,  can be made:  there is no observed transition 

Towards  the east (E of Josselin), the Nor thern  branch 
of the S.A.S.Z. is more  difficult to pick out. Instead,  a 
zone of faulted and abnormal  contacts can be observed I ~ • [ 2O5 
within the Palaeozoic stratigraphic succession (Berth6 in 1 
preparat ion) .  Groups  of conjugate  folds within fo rma-  ~ " 
tions of contrasting lithology also demonst ra te  the 150 - -  
operat ion of an important  dextral shear componen t  
(Berth6 & Brun 1980). 

t~ 

Southern branch of the S.A.S.Z.  • 
-- I00 

In this branch there are two main types of structure 100 - -  
within the shear zone, that is vertical and allow dipping 
schistosities. The  most important  mylonite  and 
ul tramylonite zone with vertical schistosity is found near  
the southern limit of the southern branch of the S.A.S.Z. 
This major  vertical shear zone is contained within 380 
My - anatectic granites and Hercynian two-mica gra- 50 ~ - -  
nites and is usually several hundred metres  wide. Ver-  • • 
tical shear zones can also be found fur ther  away f rom the G RAN [ T E$ 
major  zone to the N, but they are thinner and more  dif- • ••  
ficult to pick out. Schistosity strike within the shear zone • • • • 
turns gradually f rom N 100°E near  Qu imper  to N 130°E 
in the region of Nantes.  The mesoscopic and microscopic i P ~, 
structures of this branch of the S.A.S.Z. also indicate an -50 50 K- tN0+C0) 
important  dextral shear, according to Berth6 et al. 
(1979). As observed in the nor thern branch, cataclasis 

Fig. 3. Major element discriminant function diagram of De  la Roche 
becomes more  intense towards the west and involves (1964) showing distribution of plutonic rock types. Two-micagranites 
already mylonitised material ,  and the mylonitic rocks derived from them (filled circles) are grouped 

A northward dipping, discontinuous mylonite z o n e  together near the compositional field for "granites'. Ouartzitic phyllites 
and phyllonites (filled triangles), as well as phyllonitic micaschists 

can be observed f rom just west of Qu i m pe r  to east of (empty triangles), are discriminated from the granites and show awide 
Vannes.  The strike of schistosity within this zone is dispersal across the diagram. 
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Fig. 4. Fold styles of non-cylindrical folds in quartzitic phyllites and phyllonites N of Vannes. Stippling indicates either 
leucocratic material (a, d) or granitic veins (b, c, e). 

along strike between vertical and sub-horizontal  shear N 
zones; and neither is there any observed down-dip 
transition between the two different types of shear zone. 
As indicated in Fig. 6, the nor thward dipping shear zone 
is apparent ly  t rapped between vertical zones to the 
north and south; and as previously mentioned,  vertical 
cataclastic shear zones are seen to cross-cut the north-  
ward dipping ultramylonite unit. 

Al though the existence of mylonite zones with vertical W- L~ -:'~ + - [  
schistosity is easily explained by a transcurrent  shear .---,a 1 .---,a 
zone model ,  the significance of the nor thward dipping Q 00  

mylonite unit is more difficult to interpret.  Three  \ * : ~  
possible interpretat ions are discussed here. (1) The  \ • ~ 
nor thward dipping mylonite unit may result f rom the 
southward tilting of an initially vertical shear zone. Such 
a process, if it took place at the same time as shearing, 
would be inconsistent with a t ranscurrent  fault 
mechanism. Fur thermore ,  the juxtaposit ion and mutual  S 
geometrical  relationships between the different mylo-  Fig. 5. Stereographic projection (southern  hemisphere)  of structural 
nite units appear  to rule o u t  a block tilting hypothesis, data  for quartzitic phyllites and phyllonites as in Fig. 4. Filled circles: ~r 

poles to mylonitic foliation surfaces. Filled triangles: fold axes. Empty  
(2) Although the shearing deformat ion  is mostly triangles: stretching lineations. Empty squares: -tr poles to cataclastic 
concentrated into vertical zones, there may have been planar surfaces. 
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Fig. 7. Photo of polished slab of deformed Questembert granite showing closely associated development of C and S planes 
(see also Berth~ et  al. 1979). 

Fig. 8. Photo of brecciated rock sample showing clasts of mylonitic material - a possible pseudo tachylite? 

4 3  
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Fig. 6. Schematic cross-section along line A-B indicated in Fig. 2. (1) 'Anatectic' granites. (2) Hercynian two-mica granites. 
(2') Mylonitic and ultramylonitic granites. (3) Quartzitic phyllites and phyllonites. (4) Palaeozoic metasediments. (5) Pre- 

Hetcynian Orthogneisses (Lanvaux). (6) Late Proterozoic (Brioverian) metasediments. 

isolated belts where synchronous thrust tectonics were T Y P E S  A N D  D E V E L O P M E N T  OF P H Y S I C A L  
locally important .  The absence of transition zones bet-  C O N D I T I O N S  IN T H E  C R U S T  D U R I N G  
ween vertical and nor thward dipping units would sug- S H E A R I N G  D E F O R M A T I O N  
gest that  movemen t  continued in the vertical shear zones 
after  thrusting, thus isolating the nor thward dipping As described in the preceding sections, both  cata- 
thrust unit f rom its root zone. (3) Dextral  shear within clastic and mylonitic material  can be found together,  the 
the S.A.S.Z. may have initiated along an already estab- fo rmer  being generally formed at the expense of the 
lished linear discontinuity of major  importance [e.g. the latter. All types of mylonite are seen, f rom pro tomylo-  
thrust tectonic model of Jegouzo (1976) or a boundary  nites to ul tramylonites (blastomylonites and phyllonites 
between different plutonic domains], are also observed).  These rocks always show a well 

This discontinuity, or zone of weakness  between dif- marked  foliation and the minerals are generally 
ferent  crustal blocks, may have been the site of early deformed by plastic processes. However ,  it is not 
thrust movements  which were later overpr inted by the uncommon to find individual feldspar grains showing 
development  of vertical shear zones, evidence for both  rupturing deformat ion  (disintegration 

with rotat ion and displacement of f ragments)  and plastic 
Belt of deformation between the two main branches of the flow (deformat ion bands and microfoids, straining of 
S.A.S.Z. (intermediate zone) twin lamellae).  It remains impossible to establish a rela- 

tive t ime-sequence f o r  these different processes on the 
This intermediate  zone occupies a triangular area,  mineral  scale. 

essentially synclinal in structure, which closes to the west When  biotite is part  of the original (pre-shearing) 
between the two main branches of the S.A.S.Z. It is paragenesis,  it is seen to remain stable and re-crystallise 
made  up of Late Proterozoic (Brioverian) and Lower-  during deformat ion of the shear zone rocks. This is 
Middle Palaeozoic metasediments  which are intruded by equally true of the hornblende found in some deformed 
both  p re -Hercynian  (Lanvaux I, II  and I I I  orthogneisses quartz-diorites.  Quar tz  and muscovite show plastic 
of Vidal 1972) and Hercynian (e.g. Ques tember t  two- deformat ion  in all rock types of mylonitic affinity. These 
mica granites, Vidal 1973) granitoids. All the rocks in observat ions on mineral  stability enable  us to est imate 
this zone have suffered more  or less intense shearing the metamorph ic  conditions during deformat ion  as 
deformat ions  consistent with a dextral shearing compo-  being low to medium grade ( >  400-450* < 600°C, 
nent. Intense deformat ion  is particularly apparen t  in the Winkler  1974) with an overburden  of the order  of 10 km 
Ques tember t  granite (Fig. 7) and also in Lower  (Sibson 1977). 
Palaeozoic strata near  the western end of the St Cataclastic rocks range in type f rom protocataclasi tes 
Georges-sur-Loi re  synclinorium (Pivette 1978, Gapais  to ultracataclasites (Sibson 1977), but the mineral  
1979). In the latter case, shear movemen t s  can be shown paragenesis  of the matrix is difficult to determine on 
to have been con temporaneous  with the emplacement  of account of the very small grain size. Generally,  the pre-  
Hercynian two-mica granites, sence of quartz, muscovite and chlorite would indicate 

low grade me tamorph i sm (Winkler  1974) associated 
External zones with the cataclasis. In addition, there are various brec- 

cias, with angular blocks separated by a dark, usually re- 
Two shear zones external to the S.A.S.Z. can be iden- crystallized matrix, which resemble  pseudotachyli tes 

tiffed, one is situated within the granitic rocks of the Bale (Fig. 8) (Higgins 1971, Sibson 1977). 
d 'Audierne ,  the other  is found between two-mica gra- The  deve lopment  of myionites on the one hand and 
nites to the south of Josselin (Berth6 in preparat ion) .  In cataclasites on the other  would suggest initiation of the 
these two cases, the shear zones strike N 50--60°E and shear zone in relatively deep  crustal conditions (Q.P. 
the shearing component  is sinistral. These external shear regime) followed by uplift and cataclasis (E.F. regime, 
zones can be in terpreted as being conjugate t o t h e  prin- Sibson 1977) as shearing phenomena  continued at 
cipal shearing direction in the S.A.S.Z. shallow levels. 
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C H R O N O L O G Y  O F  D E F O R M A T I O N  I N  T H E  2. Mos t  of the  mylon i t i c  a n d  ca tac las t ic  rocks  of the  
S . A . S . Z .  S . A . S . Z .  were  g e n e r a t e d  wi th in  a l a rge - sca le  dex t r a l  

shea r  zone  and  were  d e r i v e d  f rom fa i r ly  h o m o g e n e o u s  
A m a x i m u m  age  l imit  for  the  o b s e r v e d  d e f o r m a t i o n  is s t a r t ing  m a t e r i a l s  (e.g. two mica  gran i tes ) .  

p r o v i d e d  by  the Rb--Sr  i soch ron  ages  of 3 2 0 - 3 3 0  M y  3. Ca tac las t i c  p rocesses  have  a f fec ted  a l r e a d y  
o b t a i n e d  on  t w o - m i c a  g ran i t e s  cut  by  the  S . A . S . Z .  m y i o n i t i s e d  rocks ,  e spec ia l ly  t o w a r d s  the  west  of the  
( Q u e s t e m b e r t ,  V ida l  1973;  Pont ivy ,  Mi fda l  1979) .  Th is  S .A .S .Z .  
r a d i o m e t r i c  age c o r r e s p o n d s  to e n d - D i n a n t i a n  to 4. T h e  absence  of r ecogn izab l e  e x t e r n a l  m a r k e r s  a n d  
N a m u r i a n  t imes  on  the  P h a n e r o z o i c  t ime  scale  (C.P .T.S .  the  c o m p l e x i t y  of  d e f o r m a t i o n  wi th in  the shea r  zone  

S u p p l e m e n t  1 9 7 1 ) u s i n g  1.42 10-: 1 an- l  as t h e R b d e c a y  p r e v e n t s  an  e s t ima te  be ing  m a d e  for  the  a m o u n t  of 
cons tan t .  T h e  t w o - m i c a  g ran i tes  a re  cut  by  b o t h  the  de x t r a l  d i s p l a c e m e n t  across  the  S .A .S .Z .  
n o r t h w a r d  d ipp ing  m y l o n i t e s  and  the  ver t ica l  s h e a r  5. T h e  S . A . S . Z .  is s i t ua t ed  at  the  l imit  b e t w e e n  crus ta l  
zones .  Clas t s  of  m y l o n i t i s e d  g ran i t e  have  b e e n  o b s e r v e d  b locks  which have  su f fe red  d i f fe ren t  t e c t o n o -  
in s e d i m e n t s  of  S t e p h a n i a n  age  occur r ing  in t h ree  smal l  m e t a m o r p h i c  h i s to r ies  du r ing  p r e - H e r c y n i a n  t imes  and  
f a u l t - b o u n d e d  bas ins  in S .W.  B r i t t a n y  (Cogn~  1960) .  which  we re  f inal ly  b r o u g h t  t o g e t h e r  by  ob l ique  col l i s ion  
This  o b s e r v a t i o n  se rves  as a m i n i m u m  age  l imi t  for  s o m e  du r ing  the  H e r c y n i a n  o rogeny .  
of  the  s h e a r  m o v e m e n t  on  the  wes t e rn  pa r t  of  the  
S . A . S . Z .  O t h e r  t ypes  of  clast ,  inc lud ing  a lb i te  micasch-  Acknowledgerrmnts---This work was partly supported by the C.N.R.S. 
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