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Abstract

Within the Cadomian belt, the North
Armorican composite terrane (NACT)
records late-Precambrian subduction-
reuuea mugmuu.sm unu aCCfetlU’luly
tecronism at an active continental mar-
gin. The NACT comprises four terrane

elements separated by steeply-dipping

ductile cshear zones and brittle faults
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From north to south these elements are:
the Trégor-La Hague terrane (TLHT), a
continental arc; the St. Brieuc terrane
(SBT), an intra-arc basin; and the St.
Malo (SMT) and Mancellian (MT) ter-
ranes, representing behind-arc margi-
nal-basin to within-plate basin settings.
U-Pb, Pb-evaporation, *0Ar/?9Ar, and
selected Rb-Sr whole-rock and mineral
ages imply a complex, polyphase tecto-
nothermal history for the Armorican
segment of the Cadomian belt. The gene-
rally southward-younging inferred age
of sedimentation of Brioverian supra-
crustal sequences and age of major tec-
tonothermal events from terrane to
terrane records regionally diachronous
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and hinterland-propagating orogenic
deformation. As the plate-boundary zone
started to deform, sinistral oblique sub-
duction was partitioned into contractio-
nal and strike-slip components in the
TLHT, but inboard intra-arc extension,
volcanism and syn-orogenic sedimenta-
tion continued. These features are inter-
preted to reflect a singularity at the
obliquely convergent plate-boundary
zone, such as the entry into the trench of
an ocean floor bathymetric high. A
model is developed in which it is pro-
posed that an aseismic ridge or young
oceanic island arc impinged upon the
trench at c. 610 Ma. Subduction of this
Jeature led to tectonic segmentation of
the continental margin, regional sinis-
tral transpression, terrane accretion and
progressive distortion of the continental
margin as deformation propagated
inboard. Moderate thickening of the
behind-arc marginal-basin sequence,
supplemented by advection of mantle-
derived magma, resulted in intracrustal
melting to generate the St. Malo migma-

tites. Further inboard, the Mancellian
granites were emplaced into a structu-
rally simple, upper crustal environment.
Higher heat flow to generate these mag-
mas may reflect extension during the
interval c. 570-540 Ma in the zone per-
ipheral to the collision of the bathyme-
tric high with the trench, as well as
advection of mantle-derived magma.

coanuent nramaontion of the

Suuocqucnt inboard propagdadiion oy ine
deformation at ¢. 540 Ma reflects wea-
kening of the crust during anatexis and
accommodation of sinistral transpres-
sion by migration of melt upward 1o

higher structural levels.

Version francaise abrégée

L’évolution géodynamique du seg-
ment armoricain de la chaine cadomien-
ne a la fin du Précambrien a été
interprétée comme une agglomération
de complexes d’arc continental calco-
alcalin, de complexes associés de bassin
intra-arc et de séquences allant de bas-
sin marginal d’arriére arc jusqu’au bas-
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sin intra-plaque, dans une zone de
convergence oblique en limite de
plaques le long de la marge nord du
supercontinent du Gondwana (par
exemple Cogné et Wright, 1980 ; Gra-
viou et al., 1988 ; Strachan et al., 1990).
Bien que le magmatisme, le métamor-
phisme et la déformation de la chaine
cadomienne englobent toute la période
allant de la fin du Néoprotérozoique a
I’Ordovicien-Silurien (tabl. 1), le modéle
géodynamique présenté dans ce docu-
ment concerne la période 610-530 Ma
environ dans la région située entre
Belle-Isle-en-Terre et Caen (fig. 1).

Dans cette région, la zone de
cisaillement nord armoricaine (NASZ)
sépare des éléments du “terrane” com-
posite nord armoricain (NACT), compo-
sé de bassins sédimentaires et
volcaniques du Briovérien a structure
inversée et déformée au cours de I’oro-
genese cadomienne, du “terrane” centre
armoricain (CAT) dans lequel la princi-
pale déformation et le métamorphisme
régional des séries sédimentaires brio-
vériennes sont varisques. 1l est probable
que le NASZ représente une structure
cadomienne majeure, réaciivée uliérieu-
rement au cours de 'orogénese varisque
(cf. Watts et Williams, 1979). Le NACT
comprend quatre blocs qui sont séparés
par des cisaillements ductiles et subver-
ticaux et des failles cassantes (fig. 1).
Du Nord au Sud. se trouvent les “ter-
ranes” du Trégor-La Hague (TLHT) et

ioue (SRT) de tvne are. oui
weuc (oiod ) de lype arc, qui

aint-Bri
sont séparés par la zone de cisaillement
sénestre décrochante de la Fresnaye
(FSZ) des “terranes” malouin (SMT) et
marginal d arriere-arc ou de bassin
intra-plaque (fig. 1). Les dges U-Pb sur
zircon et sur monazite (par exemple
Guerrot et Peucat, 1990), ceux obtenus
sur monozircon par évaporation (par
exemple Guerrot et al., 1994), les dges
Y0ArS9Ar de refroidissement sur miné-
raux (Dallmeyer el al., 1991a, b, 1992a,
1993, 1994 ; D’Lemos et al., 1992b ;
Ruffet et al., 1991), certains dges Rb-Sr
sur roche totale et minéraux (Autran et
al., 1983 ; Bland, 1984 : Guerrot et Peu-
cat, 1990) indiquent une évolution ther-
mo-tectonique cadomienne polyphasée
et complexe (tabl. 1).

Dans le TLHT, a Guernesey, les dges
U-Pb sur zircon des diorites quartzigues
déformées ont été interprétés comme
manifestant leur cristallisation autour
de 700 Ma (Dallmeyer et al., 1991a,
1992b), mais ils peuvent aussi étre inter-
prétés comme manifestant une cristalli-
sation plus proche de 600 Ma (Auvray
et al., 1992). Ces stocks de diorites
quariziques se sont mis en place, de
facon syn-cinématique, pendant le
cisaillement régional (Tribe et al.,
1994), et les dges d’environ 610-595 Ma

abhtownye nar rorrédlatinn £
cotenus par corrécation isoto

0Ar/39Ar sur hornblende pour ces
roches et les amphibolites encaissantes
sont interprétés comme manifestant le
refroidissement régional postérieure-
ment a la déformation et au métamor-
phisme (Dallmeyer et al., 1991a). Le
magmatisme d’arc continental, a peu
prés contemporain, est représenté dans
le Trégor par le batholn‘e nord-trégor-
rois daté a 615% 7Ma (U-Pb sur zir-
con ; Graviou et al., 1988) ; les dges
40Ar/3%Ar d’environ 605-600 Ma sur
biotite indique que le refroidissement
régional était également du méme dge
que celui de Guernesey (Ruffet et al,,
1991). A Uintérieur du SBT, les dges
U-Pb et ceux obtenus sur monozircon,
par évaporation semblent indiguer une
cristallisation des complexes calco-alca-

lins dans ['intervalle de 750-650 Ma er

Ao 60588 Ma environ {Guerrot et Peu
¢ UUU-IJ0J Vil ERVIFOR (\GUEFTOL €l 1 e~

cat, 1990 ; Guerrot et al., 1994). Les
dges Y0Ar/3%Ar de refroidissement a
570-565 Ma, obtenus sur les minéraux
de 'intrusion dioritigue/quartzique
tardi-a post-tectonique et sur les roches
supracrustules métamorphisées indi-
quent que le refroidissement post-méta-
morphique, qui a suivi la déformation
transpressive et le transport tectonique
vers le sud ou le sud-ouest (Brun et
Balé, 1990 ; Le Goff et al., 1994), était
d’environ 30 Ma plus jeune dans le SBT
que dans le TLHT (Dallmeyer et al.,
1991b).

pigue

Bien qu’elle ne soit pas aussi bien
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Luuuuuuz, la succession
des événements plutoniques cadomiens o
La Hague montre des similitudes avec
les événements dans le STB et semble
lndlqypr une transition du TLHT au SBT
a La Hague. Notre interprétation est que
ces deux “terranes” ont formé une unité
tectonique latéralement continue, repré-
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sentant un arc magmatique et un bassin
intra-arc se développant avant que ne
commence leur séparation autour de
610 Ma. Le soulévement et I’exhumation
de I’arc magmatique interviennent i une
époque contemporaine de la période
principale de volcanisme et de sédimen-
tation dans le bassin intra-arc.

Par opposition, le SMT et le MT se
caractérisent respectivement par des
migmatites dérivées par anatexie d’une
série de bassin marginal (SMT) et de
plutons granitiques d’origine i
tale mis en place dans les niveaux supé-
rieurs d’une séquence plus distale de
bassin intra-plaque (MT) (Darlet et al,,
1990 ; Dabard, 1990 ; Brown et al.,
1990 ; Brown et D’Lemos, 1991 ;
D’Lemos et Brown, 1993). Le contraste
géologique entre le TLHT/SBT et le
SMT/MT se manifeste également dans
leur signature géophysique (Brun et
Balé, 1990), qui indique que le FSZ est
une structure cadomienne majeure, cer-
tainement active a partir de 570 Ma
environ et vraisemblablement active
auparavant (cf. Brun et Balé, 1990).
Cependant, il n’y a pas d’argument
convaincant pour que le FSZ représente
le site de la subduction cadomienne,
dirigée vers le nord, comme U'implique
le modele de P. Graviou (1992). A
Vintérieur du SMT, des dges U-Pb sur
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roche totale d’environ 540 Ma ont été
obtenus sur le granite d’anatexie intrusif
dans les migmatites de Saint-Malo (Peu-
cat, 1986), ceci en accord avec un dge
obtenu sur monozircon, par évaporation
sur le granite de Cancale (Guerrot et al.,
1994). Des dges sur monazite allant de
550 a 540 Ma ont été mis en évidence
pour le complexe granitique de Vire-
Carolles dans le nord du MT (Pasteels
et Doré, 1982), bien qu’un dge Rb/Sr de
521x11 Ma, par isochrone sur roche
totale et minéraux légérement plus
jeune, ait été mis en évidence pour le
granite de Fougéres (complexe grani-
tique de Louvigné-Gorron) au sud du
MT (Autran et al., 1983}, ce qui esi
compatible avec les dges plateau
40Ar/39Ar sur muscovite d’environ
525 Ma du complexe granitique de Bon-

nomnln n ’ ouest r]u A/’T 1ntovnrotpo
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comme symptomatiques du refroidisse-
ment post-magmatique (Dallmeyer et al.,
1993). La mise en place des granites
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dans le SMT et le MT accompagne la
transpression sénestre régionale (Stra-
chan et al., 1989 ; D’Lemos et al.,
1992a).

L’dge probable de la sédimentation
des séquences briovériennes est de plus
en plus jeune vers le sud, de “terrane”
en “terrane”, ce qui est en accord avec
le modele de rajeunissement des princi-
paux événements thermo-tectoniques d
Dintérieur du segment armoricain de la
chaine cadomienne. Ces caractéristiques
sont interprétées comme enregistrant la
déformation orogénique, diachronique a
Iéchelle régionale, qui se propage dans
D’arriére-pays a travers une zone de
limite de plaques & convergence oblique.
Le refroidissement post-métamorphique
pendant Uintervalle 610-595 Ma dans le
THLT est interprété comme manifestant
le soulevement et I’exhumation associés
& une accrétion progressive de ce seg-
ment d’arc contre le bassin intra-arc du
SBT, au cours de la déformation trans-
pressive régionale qui est associée a un
systéme de failles décrochantes paral-
leles a Uarc, qui lui-méme se déformait
progressivement. Cette déformation est
interprétée comme érant une réponse a
une ceriaine singularité le long de la
limite des plaques, telle que l'entrée
dans la fosse d’un relief bathymétrique,
par exemple une dorsale asismique ou
un arc insulaire jeune. La propagation
vers 'arriére pays de la déformation
résulterait de I'anomalie provoquée par
la subduction de ce relief.

Le TLHT et le SBT ont suivi une his-
toire commune concernant le magmatis-
me calco-alcalin post-tectonique, daté
autour de 570 Ma. Le refroidissement
post-métamorphique, environ 570-
565 Ma dans le SBT, est considéré
comme reflétant le soulévement et
Uexhumation dus & une accrétion pro-
gressive des “terranes’ composites
THLT/SBT avec les unités du bassin
d’arriére arc et du bassin intra-plaque,
représentées par les “terranes” compo-
sites SMT/MT. La déformation liée a
cette accrétion a conduit a une inversion
du bassin, qui a entrainé la déformation
polyphasée dans le SMT, et ultérieure-
ment le développement d’une phase de
plis redressés a schistosité subverticale
dans le MT (Brown et D’Lemos, 1991).

Les vbservations structurales, pétrogra-
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phiques, géochimiques et isotopiques
semblent indiquer que le SMT et le MT
représentent différents niveaux structu-
raux d'une méme unité tectonique
(Brown et D’Lemos, 1991 ; D’Lemos et
Brown, 1993). D’aprés le modéle de P.-
Y. F. Robin et A.R. Cruden (1994), un
cisaillement simple transcurrent dans la
crofite inférieure pourrait étre lié par
des décollements sub-horizontaux dans
la croiite centrale a des zones faillées
verticales mais courbes dans la crotite
supérieure (MT). L’absence de preuve
d’un épaississement crustal important
au cours de [’orogénése cadomienne
implique que ’activité orogénique n'a
pas culminé dans une collision conti-
nent/continent. Ceci est en accord avec
Uinterprétation de la chaine cadomienne
comme étant un orogéne périphérique
situé en bordure d’un supercontinent
précambrien (Murphy et Nance, 1991 ;
Nance et Murphy, 1994). Un flux de
chaleur plus fort a travers la lithosphére
distendue pourrait avoir facilité [’ana-
texie pendant la relaxation thermique
des séries de bassin marginal a structu-
re inversée et sans épaississement
important.

Cependant, un surcroit advectif de
chaleur dii a des intrusions sous-crus-
tales ou intra-crustales de basalte riche
en alumine, mises en évidence par des
complexes basiques de petit volume a la
fois dans les SMT et le MT, a été vrai-
semblablement nécessaire, en particulier
pour générer le volume de granites man-
celliens.

Dans le MT, I’extension et la sédi-
mentation ont continué apres 570 Ma,
synchrones de I'inversion structurale
dans le SMT. L’anatexie dans le SMT et
a des niveaux plus profonds dans le MT
a facilité la transpression sénestre, la
déformation étant, au moins en partie,
accomodée a la variation de volume due
au transport de magma des zones pro-
fondes anatectiques vers les niveaux
crustaux plus élevés.

Un modéle géodynamique pour
[’évolution & la fin du Précambrien, du
segment armoricain de la chaine cado-
mienne est développé pour expliquer les
caractéres géologiques, ainsi que la
nature diachronique et la migration spa-
tiale de la déformation orogénique. Le

modéle suppose la collision d’un relief
du plancher océanique, tel qu’une dor-
sale asismique ou un jeune arc insulaire,
au niveau de la fosse océanique le long
de la limite des plaques, a environ
610 Ma.

La segmentation des domaines crus-
taux allant du bassin marginal et du
bassin d’arriére arc jusqu’au bassin
intra-plaque, en éléments de “terrane”
distincts mais géologiquement associés,
ainsi que leur accrétion diachronique
subséquente en un unique “terrane”
composite, est une conséquence de la
subduction de ce relief et son effet pro-
gressif sur le champ de contraintes lors
de la courbure de la marge continentale.
L’accrétion de “terranes” exotiques et
éloignés n’est pas nécessaire pour expli-
quer les éléments affleurants du segment
armoricain de la chaine cadomienne. Le
modeéle explique a la fois le diachronis-
me dans I’accumulation des sédiments et
I’évolution thermo-tectonique allant du
nord au sud, et de “terrane” en “terra-
ne”, ainsi que la configuration carto-
graphique des “terranes” qui
s’amincissent en se biseautant vers le
sud-ouest lorsqu’ils s’incurvent autour
de I’arc d’Yffiniac au fond de la Baie de
Saint-Brieuc. Par ailleurs il apporte une
explication appropriée du métamorphis-
me HT-BP et des granites cadomiens
intracrustaux, qui précédemment, man-
quait aux modeéles proposés pour ce seg-
ment de la chaine cadomienne.

introduction

Exposed within the northern part of
the Armorican Massif of western France,
the Armorican segment of the Cadomian
belt is a key component in understanding
the geology of western Europe, because
here the Variscan overprint either is rela-
tively weak, and easily separated from
the Cadomian history (e.g. Dissler and
Gresselin, 1988; Dallmeyer et al., 1993,
1994), or has been too feeble to record
any imprint, at least to the east of Belle-
Isle-en-Terre (Figure 1). For this reason,
the Armorican segment of the Cadomian
belt has been the subject of renewed
research interest during the past twenty-
five years, research that has generated a
substantial sct of data on thc basis of
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which realistic geodynamic models now
may be proposed and tested. The deve-
lopment of regional models contributes
to our understanding of the wider Avalo-

nian-Cadomian orogenic cycle of the

North Atlantic region.

One important advance during the
past decade has been the accumulation
of kinematic information that allows
assessment of orogenic transport direc-
tions, and this has been coupled with the
recognition of the role of major sinistral
strike-slip shear zones within the Cado-
mian belt, particularly in its eastern part
(e.g. Balé and Brun 1989; Treloar and
Strachan, 1990). One consequence of
this progress is that simple cross-sec-
tions transverse to the strike of the oro-
genic belt represent snapshots only, and
geodynamic models must integrate map,
cross-section and temporal data. A
second important step forward has been
the accumulation of age data likely to
have geological significance, in particu-
lar ages based on the U-Pb system on
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mental heating method on hornblende,
muscovite and biotite, the stepwise Pb-
evaporation method on single zircons,
and selected Rb-Sr whole-rock and
mineral ages. There are now sufficient
age data to permit the establishment of a
reliable sequence of tectonothermal
events within the Armorican segment of
the Cadomian belt (Table 1). Such infor-
mation is a prime requirement if useful
models are to be developed that reflect
sequential stages in the tectonic evolu-
tion of this region during the Cadomian.
Finally, detailed petrographic and geo-
chemical investigation of magmatic
rocks and sedimentary sequences has
shed light on the tectonic environment of
their emplacement, eruption or deposi-
tion (e.g. Cabanis er al., 1987; Lees et
al., 1987; Chantraine et al., 1988; Diss-
ler et ai., 1988; Brown ef al., 1990G;
Dabard, 1990; Dupret et al., 1990; Rabu
et al., 1990; Thiéblemont et al., 1994).
This information is vital in providing

constraints on nossible n]atp tectonic
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models.

In this paper, 1 develop a geodyna-
mic model for the main part of the Cado-
mian orogenic evolution between
c. 610 Ma and c. 530 Ma. My purpose is

to understand the basic clements of what

happened during this time interval. Once
these basic elements are explained, then
the model may be modified to accom-
modate specific details of the regional
geology, additional data can be acquired

1 validis nd tha madal
to test its overall vauuu_y ana e moae:

may be projected back further in time to
include the early arc stage of the Cado-
mian orogenic cycle.

Structure of the Armorican
segment and timing

Although the relative role of thrus-
ting vs. strike-slip displacements in the
evolution of the rocks exposed around
the Baie de St. Brieuc has been the sub-
ject of recent debate (Strachan er al.,
1989; Brun and Balé, 1990; Treloar and

Qtranhan 1000 Ry 1009 Ctranhan
stracnan, 1¥yv, oprun, 15Y2; Stracnan et

al., 1992; Le Goff et al., 1994), there is
general agreement among these authors
and others (e.g. Chantraine ef al., 1988;
Brown ef al., 1990; Dupret ef al., 1990;
Rabu et al., 1990; Hébert, 1995) that the
Armorican segment of the Cadomian
belt is comprised of several distinct tec-
tonic units. In one model, the evolution
of the Cadomian belt has been inter-
preted in terms of the consolidation of
calc-alkaline continental arc and intra-
arc basin complexes with behind-arc
marginal-basin to within-plate basin
sequences at an obliquely convergent
plate-boundary zone along the northern
margin of a Gondwana supercontinent
(e.g. Cogné and Wright, 1980; Graviou
and Auvray, 1985; Graviou erf al., 1988;
Strachan et al., 1989; Brown et al.,
1990). In this model (Figure 1), the
North Armorican shear zone (NASZ)
separates elements of the North Armori-
can composite terrane (NACT), compo-
sed of Brioverian volcanic and

sedimentary bacing strueturally inverted
UVULIAA\JLILULJ IR Dl uviul ullj ARE VA RS

and deformed during the Cadomian oro-
geny, from the Central Armorican terra-
ne (CAT) in which the main deformation
and regional metamorphism of Briove-
rian sedimentary sequences were Varis-
can. I interpret the NASZ to represent a
major Cadomian structure subsequently
reactivated during the Variscan. M.J.
Watts and G.D. Williams (1979) reached
a similar conclusion based on penetrati-
vely ductilely deformed mylonites over-

printed by more brittle structures, inclu-
ding pseudotachylite, which they corre-
lated with brittle structures in shear
zones that cut the Variscan Quintin gra-
nite.

The NACT comprises four terrane
elements, similar to the domains in the
perspicacious work of J. Cogné (1962,
1964; Cogné and Wright, 1980), which
are separated by steep ductile shear
zones and brittle faults. From north to
south these include the arc-related Tré-
gOr - La uag‘uc (TLHT) and St. Brieuc
(SBT) terranes, which are separated by
the Fresnaye shear zone (FSZ) from the

behind-arc marginal-basin to within-
pnlate basin sequences of the St. Malo

ettt Dasiil SCLRLLLs VLl

(SMT) and Mancellian (MT) terranes.
The FSZ records sinistral strike-slip duc-
tile displacement in coastal outcrop
(Brun and Balé, 1990; Treloar and Stra-
chan, 1990), and represents a fundamen-
tal crustal structure as reflected in both
the contrast in surface geology and the
contrast in geophysical signature across
this zone (Brun and Balé, 1990). Howe-
ver, there is no compelling evidence that
the FSZ represents the site of northward-
directed Cadomian subduction as
implied in the model of P.F. Graviou
(1992). Age data (principally U-Pb zir-
con and monazite ages, ages based on
stepwise Pb-evaporation on single zir-
cons, 40Ar/39Ar mineral cooling ages,
and selected Rb-Sr whole-rock and
mineral ages) indicatc a complex and
polyphase Cadomian tectonothermal
evolution (Table 1). The southward
younging of major tectonothermal
events within the Cadomian belt (Table
1)is interpreted to reflect regionally dia-
chronous and hinterland- plupagauug
orogenic deformation across an oblique-
ly convergent plate-boundary zone,

consequent upon some singularity at the
trench Ar]rhhnnq”v there i1s a south-

ward-younging in the inferred age of
accumulation of the Brioverian sedimen-
tary sequences found in each of the
constituent terranes, and across the
NASZ to the CAT (Table 1). Unfortuna-
tely, vergence in ages of tectonothermal
events and in the depositional age of
supracrustal sequences within an oroge-
nic belt are not reliable indicators of the
polarity of subduction. For example,
within the Mesozoic evolution of the
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Andean plate-boundary zone of North
Chile, arc plutonic complexes and volca-
no-sedimentary sequences both young
inboard with the same vergence as the
polarity of subduction (Grocott et al.,
1994), whereas during the Late Creta-
ceous-Tertiary evolution of the Shiman-
to accretionary complex in southwest
Japan, the age of the sedimentary suc-

; e e .
cession and its time of accretion both

young towards the trench in a direction
opposite to the polarity of subduction
(Agar ef al., 1989). However, when age
information is combined with sediment
provenance studies and geochemical stu-
dies of basic volcanic rocks and grani-
toid plutonic rocks, to determine
possible tectonic settings of deposition,
eruption or emplacement, then reaso-
nable conclusions about the polarity of
subduction during the evolution of an-

cient orogenic belts often can be reached.

The Trégor-La Hague terrane

TEre

Within the TLHT are preserved the
only remaining fragments of pre-Cado-
mian continental crust, the Paleoprotero-
zoic Icartian basement (Calvez and
Vidal, 1978; Auvray et al., 1980; Vidal
et al., 1981; Piton, 1985). The disconti-
nuous nature of the preserved remnants
of the Icartian basement renders recons-
truction of the pre-Cadomian continental
geology impossible. The metamorphic
grade of the Icartian basement prior to
the Cadomian orogeny appears to have
been amphibolite facies, of moderate- or
low-pressure facies series type (Power
and Roach, 1971; Velde et al., 1971;

Roach and Lees, 1993).

Recent work in the Channel Islands
(Tribe et al., 1994) indicates that the
Icartian basement has experienced two
main phases of metamorphism and
deformation, of which the later, domi-
nant deformation was related to the
Cadomian orogeny and was coeval with

the emplacement of quartz diorite plu-
tons. The nradp of Cadomian metamor-

phism was greenschist to lower
amphibolite facies (Tribe et al., 1994).
Kinematic information for the dominant
deformation (Tribe et al, 1994) in com-
bination with 40Ar/3%Ar hornblende iso-
tope correlation ages (Dallmeyer et al.,
1991a) suggest southward-directed tec-
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Fig. 1. — Simplified geologic map of the Armorican segment of the Cadomian belt to show the
major tectonostratigraphic units, terranes and their bounding shear zones/brittle faults.
The Cadomian geology$ including the Icaritan basement, is unornamented (except for the Mancel-
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Vassy, shown in black) and may be keyed by reference to L. Dupret ez al. (1990), M. Brown et al.
(1990), J.-P. Brun and P. Balé (1990), and E. Le Goff et al. (1994). Post-Cadomian geology is orna-
mented as follows: Lower Paleozoic sedimentary sequences in vertical rule, Mesozoic sedimentary
sequences in horizontal rule and Variscan granites in large areas of black. The North Armorican
LUlllpUMLc terrane \lVAk T) is LUlllplleu of the 1reg0r La naguc terrane {TLHT), the St. Brieuc ter-
rane (SBT), the St. Malo terrane (SMT) and the Mancellian terrane (MT) and is separated from the
Central Armorican terrane (CAT) by the multiple traces of the North Armorican shear zone
(NASZ). N of BIT is the Belle-Isle-en-Terre area. The locations of Cadomian volcanic sequences
are as follows: P = Paimpol; L = Lanvollon; V = Vassy; LT = La Terrette; M = Montsurvent; LMF
= Les Mortes Femmes; and, LV = Le Vast. Major granite compiexes of the MT are as follows: Bn =
Bonnemain; L-G = Louvigné-Gorron; A-DE-I = Alexain-Deux Evailles-1zé; P-LLH = Passais-Le
Horps; V-C = Vire-Carolles; and, A = Athis. The basic complexes at Trégomar (T), Ernée (E) and
Brée (B) also are located. Late Cadomian calc-alkaline volcanic successions are located at Lézar-
drieux (Lz), on Jersey (JVG), and at St. Germain-Le-Gaillard (St.GG). Also shown are St. Brieuc
(St.B), Yffiniac (Y) and St. Malo (St.M).

Fig. 1. — Carte géologique schématique du segment armoricain de la chaine cadomienne montrant
les principales unités tectonostratigraphiques, les terranes avec leurs éléments limites : zone de
cisaillement/failles cassantes.

Ia gonlnoro cadomienne, comprenant | le socle icartien, n’est pas figurée vnllfan ce qui concerne les

granites mancelliens, qui sont indiqués par des +, et deux petites unités volcamques Le Vast et
Vassy, (indiquées en noir) et peut-étre renseignée en se référant & L. Dupret et al. (1990), M. Brown
et al. (1990), J.-P. Brun et P. Balé (1990), et E. Le Goff et al. (1994). La géologie post-cadomienne
est ﬁgurée comme suit : séries sédimentaires du Paléozoique inférieur, hachuré verticalement,

nnnnnnnn SAirmontaives A Mbenr hach 5 tal, ¢ .
séries sédimentaires du IVICJO(,quw(, hachuré horizontalement et g:"a:”ll{es ‘v'anf;q:'zi(/“; .

teur noir. Le “terrane” mixte nord armoricain (NACT) comprend la “terrane” du Trégor-La
Hague (TLHT), le “terrane” de St. Brieuc (SBT), le “terrane” malouin (SMT) et le “terrane” man-
cellien (MT). Il est séparé du “terrane” armoricain central (CAT) par de multiples traces de la
zone du cisaillement nord armoricaine (NASZ), N of BIT correspond G la zone de Belle-Isle-en-

macitinne Aee cdriee unloani oo ~eAda 12 00 eI f Soo Aniaaa o D o Daiuannsl -

Terre. Les yuaiuuim des séries vowcanigues cadomiennes sont L.ll.u.ujl/it:bo comime suit P = [ QALpoL |
L = Lanvolion ; V = Vassy ; LT = La Terrette ; M = Montsurvent ; LMF = Les Mortes Femmes ;
LV = Le Vast. Les principaux complexes granitiques du MT sont indiqués comme suit : Bn = Bon-
nemain ; L-G = Louvigné-Gorron ; A-DE-I = Alexain-Deux Evailles-Izé ; P-LH = Passais-Le
Horps ; V-C = Vire-Carolles ; A = Athis. Les complexes basiques de Irégomar (1), Ernée (E) et
Brée (B) sont également indiqués.

Les séries volcaniques cadomiennes calco-alcalines sont situées a Lézardrieux (Lz), a Jerzey (JVG)

en laree see-
¢en iarge sec

" et a St-Germain-le-Gaillard (St G.). Sont également signalés St-Brieuc (St B), Yffiniac (Y) et St-

Malo (St M).
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Trégor-La Hague terrane
), 2), 3) 2200-1800 Ma Icartian basement (Trégor, Guernesey, La Hague)
), (5),(6) 7700-610 Ma Early arc plutonism (Guernsey, 7La Hague)
N c. 615 Ma Calc-alkaline magmatism (Trégor)
@), (6), (&) 610-595 Ma Deformation and metamorphism, post-kinematic plutonism, and regional
cooling (Trégor, Gernsey, Sark, ?La Hague)
8), ¥ 570-560 Ma Post-tectonic calc-alkaline gabbro and diorite complexes, and granites
(Guernsey, 7La Hague)
Cambrian Ignimbrites des Lézardrieux
St-Brieuc terrane
©),1n 750-650 Ma Early arc plutonism (Penthiévre complex ; ?La Hague)
(1 c. 610 Ma Tholeiitic volcanism (Paimpol)
7600-7585 Ma Brioverian volcanism and sedimentation
(6),(11),(12) 600-585 Ma Tholeiitic magmatism (Belle-Isle-en-Terre, Lanvollon, Yffiniac, Fort-La-
Latte, Coutances)
585-570 Ma Transpressional deformation and metamorphism
(13) 570-565 Ma Regional cooling
), (13), (14) 570-560 Ma Post-tectonic calc-alkaline gabbro/diorite complexes (St-Quay, S.E. Jersey ;
7La Hague)
(15), (16) 540-530 Ma Late-Cadomian diorite stock (St-Brieuc), and calc-alkaline volcanism (Jer
sey, St-Germain-le-Gaillard)
a7 550-480 Ma Post-Cadomian granite complex (S.W. Jersey)
(14, (A7) 475-425 Ma Post-Cadomian diorite-granite complex (N.W. Jersey)
St-Malo terrane
7600-7570 Ma Brioverian sedimentation
c. 570 Ma Onset of basin inversion
570-550 Ma Progressive heating leading to high-T metamorphism and anatexis during
sinistral transpression
(18) 550-530 Ma Syn-Kinematic emplacement of anatectic granites into S-vergent thrust shear
zones and sinistral strike-slip shear zones
@2n 330-320 Ma Reheating by sub-surface Variscan granite (SMT)
Mancellian terrane
?600-7540 Ma Brioverian sedimentation
19 550-530 Ma Emplacement of Mancellian granites into tensile bridges developed between
left-stepping segments of a major transcurrent fault zone
20), 21 525-520 Ma Rb-Sr mineral/whole-rock age (Fougéres granite, MT) and muscovite
cooling ages (Bonnemain granite complex, MT)
North Armorican shear zone
7570 Ma Initiation of the zone as a sinistral transcurrent fault
(22) c. 530 Ma Emplacement of granite along the zone (Loc-Envel)
(21, (23) 330-290 Ma Reworking of granite along the zone
Central Armorican terrane
(16) 7540-480 Ma Brioverian sedimentation (Central Brittany)

Table I. ~ Events within constituent terranes of the North Armorican composite terrane, Armorican segment of the Cadomian belt, and the Central
Armorican terrane.

Tabl. 1. — Evénements intervenus au sein des terranes constituant les terranes mixtes nord armoricains, le segment armoricain de la chaine cadomien-
ne, et les terranes armoricains centraux.

(1) Calvez and Vidal (1978): U-Pb zircon; (2) Auavray ef al. (1980): U-Pb zircon; (3) Piton (1985); U-Pb zircon; (4) Dallmeyer et al. (1991a); U-Pb zir-
con: (5) Auvray et al. (1992): Discussion; (6) Guerrot and Peucat (1990): U-Pb zircon; (7) Graviou et al. (1988): U-Pb zircon; (8) Dallmeyer et al.
(1992a): 40Ar/*Ar hornblende; (9) Dallmeyer et al. (1994): “°Ar/29Ar hornblende; (10) Ruffet ez al. (1991): (11) Guerrot et al. (1994): stepwise Pb-eva-
poration on single zircons; (12) Peucat ez al. (1981): U-Pb zircon; (13) Dallmeyer et al. (1991b): *UA1/39 Ar hornblende, muscovite; (14) D’Lemos et al.
(1992b): 40Ar/39Ar hornblende; (15) Hébert ef al. (1993): Stepwise Pb-evaporation on single zircons; (16) Guerrot et al. (1992): stepwise Pb-evapora-
tion on single zircons; (17) Bland (1984): Rb-Sr whole-rock isochron; (18) Peucat (1986): U-Pb zircon, monazite, Rb-Sr whole-rock isochron; (19) Pas-
teels and Doré (1982): U-Pb monazite; (20) Andriamarofahatra and de La Boisse (1988): U-Pb zircon; (23) Watts and Williams (1980): fault rocks
cutting Variscan Quintin granite.
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tonic transport on Sark linked to a major
dextral wrench zone to the west on
Guernsey at c. 600 Ma. Indeed, confir-
mation of the syn-kinematic emplace-
ment of the quartz diorites on Guernsey
by I. Tribe et al. (1994) supports an
interpretation for the age of the Perelle
quartz diorite closer to c. 600 Ma, as
argued by B. Auvray et al. (1992), in
contrast to the preferred interpretation of
R.D. Dalimeyer et al. (1992b) of an age
of emplacement at ¢. 700 Ma. In the
North Trégor, one component of the
North Trégor batholith was emplaced at
c. 615 Ma (Graviou et al., 1988) and
may be coeval with arc plutonism in
Guernsey and Sark. Geochemical cha-
racteristics of these early Cadomian plu-
tonic rocks are consistent with magma
generation within thick continental arc
crust (Power et al., 1990; Thiéblemont et
al., 1994).

The original continuity of this conti-
nental crust 1s indicated by the occurren-
ce of Icartian basement fragments
throughout the exposed extent of the ter-
rane as far east as La Hague (Figure 1).
Correlation of the L.a Hague area is
ambiguous because the U-Pb ages re-
ported by C. Guerrot and J.-J. Peucat
(1990) of 645 + 12 Ma for the Moulinet
orthogneiss and 585 Ma for the Mou-
linet quartz diorite, and the 4YAr/39Ar
data of R.D. Dallmeyer et al. (1994),
indicate some similarity in the pattern of
magmatism and regional cooling with
the SBT. This suggests that La Hague
may have represented a lateral transition
from the arc to a developing intra-arc
basin at ¢. 610 Ma, and the present spa-
tial configuration was a consequence of
tectonic dismemberment and juxtaposi-
tion. The 40Ar/3%Ar isotope correlation
ages obtained on hornblende from units
within Guernsey and Sark (Dallmeyer er
al., 1991a), which record cooling
through a temperature of ¢. 500°C, toge-
ther with one Rb-Sr biotite age from the
Trégor (Guerrot and Peucat, 1990),
which reflects cooling through c. 350°C,
and 40Ar/39Ar isotope correlation ages
obtained on biotite from units within the
North Trégor batholith (Ruffet er al.,
1991), which record cooling through a
temperature of c. 300°C, indicate regio-
nal cooling of the TLHT to ambient
upper crustal conditions by c. 595 Ma
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(Table 1), possibly younger in La Hague
(Dallmeyer et al., 1994).

The tectonic internretati
1 e tecionic nterpretaty

TLHT is that it represents a continental
arc at an active plate-boundary zone,
with crustal thickness decreasing from
North Trégor to La Hague (c.f. Graviou
and Auvray, 1985; Graviou et al., 1988;
Strachan et al., 1989; Brown et al.,
1990; Dupret et al., 1990; Rabu et al.,

1990).

on of the

The St. Brieuc terrane

There are no exposed relics of the
Paleoproterozoic Icartian basement
within the SBT. The oldest units appear
to be within the Neoproterozoic Pen-
thievre complex, which outcrops along
the eastern side of the Baie de St.
Brieuc. The Penthiévre complex repre-
sents an early Cadomian arc constructed
from island-arc tholeiite and calc-alkali-
ne plutonic rocks (Shufflebotham, 1989;
1990), probably during the interval 750-
650 Ma (Guerrot and Peucat, 1990;
Guerrot et al., 1994). M.M. Shufflebo-
tham (1989) recognized three separate
episodes of crustal accretion within the
Penthievre complex, and the complex as
a whole is interpreted to represent the
roots of juxtaposed island-arc and conti-
nental margin terranes. These carly arc
rocks form the local basement to the
Brioverian volcanic and sedimentary
successions, and represent the "Pente-
vrian" crystalline basement of J. Cogné
(1959). 1t is possible that the Penthiévre
complex may be represented in La
Hague by the Moulinet orthogneiss. The
SBT represents an intra-arc basin for-
med by splitting the early Cadomian arc
in response to subduction zone retreat.

To the east of La Hague, the volcanic
succession at Le Vast is characterized by
high MgO and has other geochemical
characteristics similar to those of
modern boninites (Dupret et al., 1990).
Although undated, L. Dupret et al.
(1990) consider this volcanic sequence
to represent the initial stage of Briove-
rian volcanism, possibly older than
600 Ma. In the west, the Paimpol basalts
have geochemical characteristics similar
to modern arc tholeiites (Thiéblemont er
al., 1994). An age of 610 = 9 Ma has

been obtained from these basalts by

C. Guerrot et al. (1994), based on step-
wise Pb-evaporation on single zircons;
this age is consistent with an imprecise
Rb-Sr whole rock age obtained by P.
Vidal (1980). The main Brioverian vol-
canic successions and associated pluto-
nic complexes mostly are tholeiitic, with
the source composition changing from
less depleted to more depleted from west
to east, from the Lanvollon basin (Caba-
nis et al., 1987; Thiéblemont et al.,
1994), including the Hillion-Erquy vol-
canic formation of G.J. Lees et al.
(1987; Roach et al., 1990), to the Les
Mortes Femmes - Montsurvent - La Ter-
rette sequences, which have geochemi-
cal similarity to recent basalts of
intra-arc, arc and behind-arc environ-
ments, respectively (Dissler, 1988;
Dupret et al., 1990). 1t is thought that the
volcanic sequences were erupted into
ensialic extensional basins. Both the
absolute age and the age equivalence of
these volcanic successions are poorly
constrained, although one age of 588 +
11 Ma, based on stepwise Pb-evapora-
tion on single zircons from the Lanvol-
lon rocks (Guerrot et al., 1994), suggests
that these sequences may post-date uplift
and cooling within the TLHT on the out-
board side of the basin. The volcanic
basins were filled with clastic sediments
prior to Cadomian deformation and
metamorphism, which occurred someti-
me during the interval c. 585-570 Ma,
based upon 40Ar/3%Ar isotope correla-
tion ages on hornblende of 570-565 Ma
interpreted to date cooling through c.
500°C (Dallmeyer et al., 1991b), essen-
tially consistent with the conclusions
drawn by I.-P. Brun and P. Balé (1990).
The sedimentary units within the SBT
(e.g. Binic Formation) drew their detri-
tus from both a volcanic arc source and a
continental basement (Denis and
Dabard, 1988); sedimentation must have
been rapid, with the uplifted and eroding
TLHT providing an important source of
clastic material, and was interrupted by
deformation, metamorphism and uplift
of the SBT. Post-tectonic calc-alkaline
plutonic complexes were emplaced into
both the TLHT (e.g. the Northern
Igneous Complex of Guernsey) and SBT
(the St. Quay Intrusion, the SE Jersey
Granite Complex, and in Alderney)
during the period 570-560 Ma (Dall-
meyer et al., 1991b, 1992a, 1994; D'Le-
mos et al., 1992b).
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Interpretation of tectonic structures
within the SBT has been controversial
(Balé and Brun, 1989; Strachan et al.,
1989, 1992; Brun and Balé, 1990; Stra-

chan and Roach, 1990; Brun, 1992).

IIUWCVCI 1!. oW Seems b}C"J Lhdl- bl“,{b"
tral oblique S-vergent thrusting and a
steep foliation represent the dominant

deformation style and structure within
outcrops along the west side of the Baie
de St. Brieuc (e.g. Brun and Balé, 1990;
Brun, 1992), features confirmed by the
recent work of E. Le Goff et al. (1994),
and record heterogeneous flattening
strains which reflect horizontal shorte-
ning. The direction of tectonic transport
within the SBT, inferred from the rather
variable orientation of mineral elonga-
tion lineations, sparse kinematic infor-
mation and the geometry of the
structures, on the west side of the Baie
de St. Brieuc, was to the southwest and
south (Brun and Balé, 1990; Le Gott et
al., 1994). Immediately east of St.
Brieuc, in metasediments of the Binic
Formation, the sense of rotation of stau-
rolite porphyroblasts indicates a thrust-
ing component to the south-southwest
(Hébert and Ballevre, 1993).

On the west side of the Baie de St.
Brieuc, the regional metamorphism is
characterized by an increase in meta-
morphic grade towards the southwest
and south (Rabu et al., 1983; Hébert,
1993; Le Goff et al., 1994). The changes
in mineral assemblage for similar bulk-
rock compositions and the systematic
variation in chemical composition of
coexisting phases document this increase
(Hébert, 1993). East of St. Brieuc, stau-
rolite-bearing pelites yield P-T condi-
tions of ¢. 550 £50°C and 3-5 kbar
(Hébert and Ballevre, 1993). Further
south, around Y(liniac, amphibolites
yield P-T conditions of ¢. 700 = 50°C
and 9 = 1 kbar (Hébert, 1993). These

3 1 1 ted hv R
amphibolites are interpreted by R.

Hébert (1993) to be metaplutonic rocks
that represent magma trapped in the dee-
per levels of an active continental mar-
gin. These data suggest that the
Cadomian orogeny was unlikely to have
been the result of continent-continent
collision, which commonly is characteri-
zed by higher values of peak-P (e.g.
Brown, 1993), but was more likely the
result of geodynamic processes at an
active plate-boundary zone along a

10

continental margin, as envisioned by P.
Baié and J.-P. Brun (1989) and R.
Hébert (1993). This is consistent with
the interpretation of the Cadomian belt
as part of a peripheral orogen located at
the margin of a late-Precambrian super-
continent (Murphy and Nance, 1991;
Nance and Murphy, 1994),

‘The basic-ultrabasic complex of
Belle-Isle-en-Terre occurs to the south
of the NASZ, at the west side of the
region under consideration; it has been
dated at 602  Ma by the U-Pb zircon
method (Peucat er al., 1981). The calc-
alkaline chemistry of the metabasic
rocks and the geologic context suggest
that this complex represents part of the
SBT. Its relationship with low-grade
metasediments, micaschists, and
gneisses and migmatites is unclear since
all observed contacts appear to be brittle
faults (Peucat er al., 1981). 1 incline
towards the view of J.-P. Brun and P.
Balé (1990) that the Belle-Isle-en-Terre
complex represents a klippe of the SBT

nracarvad gnnth nf thoe NNAQZ 7~ Ff T A
PICSCIVEU S0Uun OF il AL A (Ch. 1.0

Goff et al., 1994; Hébert, 1995).

The tectonic interpretation of the
SBT is that it represents an iatra-arc
basin, built on thinned continental crust,
the eastward and inboard extension of
the TLHT, formed by splitting the Cado-
mian continental arc in response to sub-
duction zone retreat, and bounded on its
southern side by a major transcurrent
fault, the FSZ (c.f. Rabu ef al., 1983,
1990; Cabanis et al., 1987; Dupret et al.,

The St. Malo
and Manceilian terranes

These two terranes are fundamental-
ly distinct from the TLHT and SBT in

having nn evynaced ralice of the Dalan
daviig no CAPOsLEa 1CiiCs 01 il 1r"aico-

proterozoic Icartian basement, no evi-
dence of the early arc plutonism within
the Cadomian cycle, and in lacking evi-
dence of the extensive tholeiitic magma-
tism which is characteristic of the SBT.
A sequence of volcanic rocks occurs
along the northern edge of the SMT
adjacent to the FSZ, the Chiteau Serein
volcanic succession, which resembles
recent volcanic rocks from extensional
within-plate settings (Cabuanis et al.,

1987). The Brioverian succession imme-
diately adjacent, which outcrops in the
Baie de la Fresnaye (Lamballe Forma-
tion) and further west (Callac Forma-
tion), is represented by a clastic
sedimentary sequence with black cherts,
interpreted to have been deposited in an
immature marginal basin (Dabard,
1990). Inboard from this, the protolith of

ha ©F Mala migmat Lol and
e o>t. Maio uuguxautc belt and the

metasediments of the Rance Valley pre-
serve calc-silicate lenses of volcanoge-
nic origin within graywacke-type

sediments that are similar to the Binic

Formation of the SBT (Darlet et al.,
1990). It is part of this Brioverian suc-
cession that has been deformed and thic-
kened leading to high-T metamorphism
and anatexis (Brun and Martin, 1978;
Brown, 1979). In the MT, which repre-
sents a higher structural level, the same
events are represented by the Mancellian
granites that have been emplaced into a
structurally simple low metamorphic
grade, predominantly sedimentary suc-
cession that includes only volumetrically
minor volcanic rocks, such as those at
Vassy (Dupret et al., 1990; Brown and
D'Lemos, 1991; D'Lemos et al., 1992a).
This higher structural level must be stra-
tigraphically younger than the succes-
sion on the northwest side of the SMT,
since the sedimentary sequence contains
reworked black cherts presumably deri-
ved by pene-contemporaneous erosion
of upper levels (outboard side) of the
SMT and syn-tectonic sedimentation.
The Sm-Nd isotope characteristics of
anatectic granites within the St. Malo
migmatite belt and the Mancellian gra-
nites suggest derivation from a metase-
dimentary source derived by mixing
om an \/all)’ Caduuuau
magmatic arc and Brioverian succession
volcanic rocks (D'Lemos and Brown,

1993), consistent with recently acquired
Sm-Nd data from metasediments of the
Rance Valley (Dabard et al., 1994).
These results suggest derivation of the
sedimentary succession by erosion of
older terrane elements to the north. The
detailed petrographic and geochemical
studies of M.P. Dabard (1989, 1990; see
also: Denis and Dabard, 1988; Darlett et
al., 1990) have allowed distinction bet-
ween the sedimentary succession of the
SMT, which has an immature nature
with chemical characteristics interme-
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diate between those of continental arcs
and active continental margins, and the
sedimentary succession of the MT,
which has a smaller contribution of vol-
canic fragments and likely reflects depo-
sition within a marginal-basin or
within-plate basin setting. Further, in
this southern continental domain, the
contribution of volcanic material decrea-
sed progressively southward as conti-
nental source rocks became more
dominant. The SMT and MT are separa-
ted by the Cancale shear zone (CSZ)
which records sinistral strike-slip ductile
displacement in coastal outcrop (Brun and

Balé, 1990; Treloar and Strachan, 1990).

Within the SMT, U-Pb zircon and
monazite, and Rb-Sr whole-rock ages of
¢. 540 Ma have been reported from ana-
tectic granite from the St. Malo migma-
tite belt (Peucat, 1986), consistent with
an age based on stepwise Pb-evaporation
on single zircons for the Cancale granite
(Guerrot et al., 1994). Monazite ages in
the range 550-540 Ma have been repor-

tad Froman tha Uiea Maenllac
1€0 Iroin e virc-L.arones

plex in the N of the MT (Pasteels and
Doré, 1982), although a slightly younger
Rb-Sr mineral/whole-rock isochron age
of 521 + 11 Ma has been reported from
the Fougeres granite (Louvigné-Gorron
granite complex) in the S of the MT
(Autran et al., 1983), which is consistent
with muscovite 40Ar/39Ar plateau ages
of ¢. 525 Ma from the Bonnemain grani-
te complex in the W of the MT, inter-
preted to date post-magmatic cooling
(Dallmeyer et al., 1993). Emplacement
of granites in the SMT and MT accom-
panied regional sinistral transpression

(Strachan ez al., 1989; D'Lemos et al., 1992a).

granita ~n
E)I CREEIRAL LAJEIL™

The migmatites and the granites are
coeval, possess some similarities in geo-
chemical features (Brown and D'Lemos,
1991) and have essentially the same iso-
topic signatures (D'Lemos and Brown,
1993). G.M. Power (1993) has reinter-
preted the St. Malo migmatite and Man-
cellian granite geochemical data sets
using both principal component and
multi-dimensional scaling plots to
emphasize significant statistical diffe-
rences between the samples. Differences
for some elements may reflect systema-
tic changes in the sedimentary succes-
sion from the SMT to the MT, at the
depth of anatexis, which was deeper to
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Fig. 2. — Photomicrographs to show pinnitized cordierite (Crd) rim around garnet (Grt) (a), trails of
sillimanite (Sil) inclusions which preserve crenulation folds in the garnet (b), and rounded-to-euhe-
dral pinnitized cordierite crystals in the matrix around residual garnet (c), in the vicinity of the Bar-
rage de Rabodanges within the Athis granite complex, Mancellian terrane. Height of the field of
view in (a) and (c) is ¢. 12 mm, and the width of the field of view in (b) is ¢. 3mm.

Fig. 2. — Microphotographies montrant un liséré de cordiérite pinnitisée (Crd) autour du grenat
(Grt) (a), des trainées d’inclusions de sillimanite (Sil) conservant des microplis de crénulation dans
le grenat (b), et des cristaux de cordiérite pinnitisée automorphes ou arrondis dans la mésostase
autour du grenat résiduel (c), & proximité du Barrage de Rabodanges au sein du complexe grani-
tique d’Athis, terrane mancellien. La hauteur d’échantillon photographié dans (a) et (c) est d’envi-
ron 12 mm, et sa largeur dans (b) est d’environ 3 mm.

the east, and/or an increased role for
basaltic magma in the generation of the
Mancellian granites, or some combina-
tion of the effects of depth of melting
and degree of hybridization, for which
there is support from experimental
petrology (Patifio-Douce, 1995). In this
regard, the volumetrically minor
basic/ultrabasic complexes of Ernée and
Brée in the MT (Le Gall and Mary,
1983; Le Gall and Barrat, 1987), toge-
ther with the minor basic/ultrabasic
complex of Trégomar at the north-wes-
tern side of the SMT (Le Gall and Bar-
rat, 1987), may be significant (Brown et
al., 1990). These inferred Cadomian

basic/ultrabasic complexes comprise
predominantly gabbro, norite and anor-
thositic gabbro, similar to the expected
cumulate products of an AFC process
between metasedimentary crustal rocks
and bigh alumina olivine basalt (Patifio-
Douce, 1995). Further, the calc-alkaline
nature of the Mancellian granites
(Brown et al., 1990) is similar to the
expected granitic products of such a pro-
cess, and the major oxide compositions
of the Mancellian granites correspond to
the range of experimental glass compo-
sitions generated at c. 7 kbar by interac-
tion between high alumina olivine basalt
and a synthetic biotite gneiss (equivalent
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to graywacke) and pelitic schist (Patifio-
Douce, 1995). A hybrid origin for the
Mancellian granites is consistent with
the available data.

Metamorphism in the migmatites is
of a high-7 - low-P type, in which bioti-
te + sillimanite is stable, whereas garnet
and cordierite occur rarely. P-7 condi-
tions were middle crustal, and anatexis
likely occurred under water-rich volatile
phase-present conditions (high Ap1,0)- For
the Mancellian granites, P-T conditions
of magma generation were probably
middle-to-lower crustal. In the north-
eastern part of the terrane (Figure 1), in
the vicinity of the Barrage de Rabo-
danges within the Athis granite complex,
the granite has residual garnet, with
included sillimanite needles (Figure 2a),
that has been partly converted to cordie-
rite around the rim. I interpret this textu-
re to record decompression during
ascent of the magma. Also, the matrix
around the residual garnet includes dis-
tributed, rounded-to-euhedral cordierite
crystals (Figure 2b). In the south-eastern
part of the terrane (Figure 1), around
Alexain in the Alexain-Deux Evailles-
1z€ granite complex, the granite has resi-
dual garnet that has been partly
converted to biotite around the rim, pre-
sumed to record decompression during
ascent of the magma. Melting likely
occurred under water-undersaturated or
volatile phase-absent conditions (low
ay)- A component of advected heat
likely was necessary Lo generate the
migmatites and the volume of intracrus-
tal melt represented by the Mancellian
granites, even though the latter are rela-
tively thin "sheets” in three-dimensional
form, as determined from interpretation
of gravity data (J.-P. Lefort, personal
communication 1991). The emplacement
level of the Mancellian granites was into
the upper crust. The geometric relation-
ship between cleavage and the bounding
faults in Mancellia is consistent with
sinistral transpression (D'Lemos et al.,
1992a). Within the St. Malo migmatite
belt, early recumbent deformation
reflects contractional thickening, and
homogeneous diatexite/anatectic granite
commonly is located in shallow N-incli-
ned top-to-the-S shear zones (moderate
N-plunging stretching lineation), which
are present at all scales within the belt,
from the individual outcrop (Figure 3a, b
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and c¢) to the map scale. Marginal to the
belt (Figure 3d), homogeneous diatexi-
te/anatectic granite is located in ENE-
striking sub-vertical sinistral strike-slip
shear zones (shallow ENE-plunging
stretching lineation), in the wall-rocks of
which cordierite is stable (D'Lemos et
al., 1992a).

These features are best resolved
within a model of ductile transpression
(Robin and Cruden, 1994), in which the
St. Malo region represented middle crus-
tal levels and the Mancellian region
represented upper crustal levels during
the Cadomian. In this model, transcur-
rent simple shear in the lower crust
could be linked through sub-horizontal
décollement zones in the middle crust,
represented by the St. Malo region, to
vertical but curved zones in the upper
crust. Transcurrent transpression and
transtension could arise in the upper
crust, depending on the local orientation
of the upper crustal zone with respect to
that of the zone in the lower crust (Robin
and Cruden, 1994). Thickening of the
Brioverian sedimentary basins was a
consequence of the outboard arc-related
terranes being driven progressively into
the marginal-basin and within-plate
basin sequences from c. 570 Ma. In part,
high-T metamorphism may have been a
consequence of thermal relaxation of the
moderately over-thickened basinal suc-
cessions. The basins may have been cha-
racterized by a high heat flow, to
facilitate the high-7' metamorphism by
simple thermal relaxation, or the meta-
morphism may have been driven in part
by heat advected into the crust by mant-
le-derived magmas. Indeed, as the St.
Malo migmatite protolith started to thic-
ken at ¢. 570 Ma, the MT basin still was
receiving sediment during continuing
extension. By c¢. 540 Ma, anatexis had
weakened the crust, particularly within
the SMT, and sinistral transpression pro-
pagated through the behind-arc region,
which facilitated magma ascent to upper
crustal levels by transpressive extrusion
as well as buoyancy (D'Lemos et al.,
1992a). Anatexis was particularly
important in enabling the deformation to
propagate since the increasingly sinuous
nature of the strike-slip shear zones
would have made the geometry increa-
singly inefficient for transcurrent displa-
cements. As the bends in the shear zones

amplify so they impede easy strike-slip
motion along the shear zones and pre-
vent accumulation of significant lateral
displacements of the wall rocks. This
kinematic inefficiency is counterba-
lanced by volume loss due to deforma

tion-enhanced melt segregation and
transfer out of the system. Although the
volume of magma that has migrated
upward to higher structural levels is unk-
nown, it was this significant volume
loss, especially from the SMT, that faci-
litated contractional deformation during
transpression and inboard propagation of
the deformation front. The low ay o
volatile phase-absent melting evidenced
for at least a component of the Mancel-
lian granites requires temperatures of c.
850°C and likely requires advected heat,
consistent with the geochemical argu-
ments presented above. By c¢. 540 Ma
transpressive deformation had propaga-
ted into the MT and ascent of the Man-
cellian granite magma is inferred to have
been channelized along steeply-oriented
strike-slip shear zones with emplace-
ment into tensile bridges developed bet

ween left-stepping segments of a major
transcurrent fault zone. Along individual
granite pluton/country rock contacts,
however, local space creation by stoping
clearly was the method by which empla-
cement was completed.

To the west, anatectic migmatites
occur inboard of the SBT in the Guin-
guamp high-temperature belt (Brun and
Balé, 1990). The similarity in metamor-
phism, leading to high-temperature ana-
texis, and an age for the associated
Toulporz granite of 542 7 Ma (U-Pb
upper intercept on zircon, Andriamaro-
fahatra and de La Boisse, 1988), similar
to that of the St. Malo migmatites, and
an age of 526 - 16 Ma (U-Pb lower inter-
cept on zircon, Andriamarofahatra and
de La Boisse H., 1988), similar to some
components of the Mancellian granites,
led J.-P. Brun and P. Balé (1990) and M.
Brown er al. (1990) to correlate the
Guinguamp high-temperature belt with
the St. Malo migmatite belt. Recently,
this correlation has been questioned on
the basis of: 1) regional mapping inter-
preted to suggest a progressive deforma-
tion and metamorphism from N or NE to
S or SW from the SBT to the Guin-
guamp high-temperature belt (Le Goff er
al., 1994); and, 2) overprinting of simi-
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Fig. 3. ~ Migmatite/anatectic granite relationships within the St. Malo migmatite belt. (a) Meter-scale shallow N-inclined (to left) top-to-the-S shear
zones (upper and lower parts of field of view) along which homogeneous diatexite has been emplaced (pnte du Becbet, St.-Jacut-de-la-Mer); (b) and (c)
decameter-scale shallow N-inclined (to left) top-to-the-S shear zone (lower half of photograph) into which was emplaced homogeneous diatexite with
occasional schlieren and enclaves, shown in (c), which is a closeup of the back cliff seen in (b) (pnte du Bechet, St.-Jacut-de-la-Mer); (d) steep foliation
and shallow ENE stretching lineation at contact between Cancale granite (to N, left) and mylonitic Brioverian metasediments with cordierite porphyro-
blasts (to S, right) (Port Briac, N of Cancale).

Fig. 3. — Relations granite d’anatexie/migmatite & Uintérieur des migmatites de St-Malo (a). Zone de cisaillement vers le Sud d’échelle métrique a léger
plongement nord (vers la gauche), (parties supérieure et inférieure du champ visuel) le long desquelles la diatexite homogeéne s’est mise en place (Pre
du Bechet, St-Jacut-de-la-Mer) ; (b et ¢) Zone de cisaillement vers le Sud d’échelle décamétrique a léger plongement nord (vers la gauche) (moitié infé-

rieure de la photo) dans laquelle la diatexite homogéne s’est mise en place avec de rares schiieren et enclaves, indiqués dans (c), qui est un gros plan
de la falaise déja vue dans (b} (Pte du Bechet, St-Jacut-de-la-Mer) ; (d) foliation subverticale et linéation d’étirement ENE peu inclinée au contact entre

le granite de Cancale (au nord, & gauche) et les sédiments mylonitiques briovériens a porphyroblastes de cordiérite (au sud, a droite) (Port Briac, nord
de Cancale).

lar migmatites by contact metamorphism | zircons, Hébert et al., 1993). The tecto- | for the deformation and metamorphism
te | nic position of the Guinguamp high-tem- | are compatible equally with the accre-

in the aureole of the St. Brieuc diori
complex (Hébert, 1995), which has an | perature belt, inboard of the SBT, is the | tion of the TLHT/SBT composite terrane
emplacement age of 533 + 12 Ma (based | same as the St. Malo migmatite belt, and | with the behind-arc marginal basin at c.

on stepwise Pb-evaporation on single | the data used to argue for an older age | 570 Ma, leading to progressive deforma-
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tion during the interval 570-540 Ma and
high-T metamorphism that culminated in
crustal anatexis. P-T conditions are esti-
mated to have been 5-6 kbar at ¢. 650°C
(Le Goff et al., 1994), certainly similar
to those at St. Malo (Brown, 1979). The-
refore, in the absence of compelling evi-
dence that requires a substantially older
age, I retain the correlation of the Guin-
guamp high-temperature belt with the St.
Malo migmatite belt, and regard the
Guinguamp high-temperature belt as the
western extension of the SMT. This cor-
relation essentially is one of tectonic set-
ting, permitted by and consistent with
the limited data. The correlation does
not require that the age of the metamor-
phic peak and culmination of anatexis in
both belts be identical, and, indeed, the
peak may have occurred earlier in the
west, in the Guinguamp high-temperatu-
re belt, than in the east, in the St. Malo
migmatite belt. Such an interpretation
would be consistent with evidence of
unroofing in the Guinguamp high-tem-
perature belt by top-to-the-E normal
shearing and associated dextral wren-
ching (Le Goff et al., 1994), that I inter-
pret to be approximately contempo-
raneous with continued sinistral trans-
pression within the SMT and the MT to
the east. This deformation records the
progressive distortion of the SBT/MT
around the Yffiniac arc in response to a
progressive change of orientation of the
western part of the subduction boundary
zone.

The tectonic interpretation of the
SMT/MT is that it represents a behind-
arc marginal-basin to intra-plate basin
setting built on thinned continental crust
and structurally inverted during the
interval 570-540 Ma (c.f. Graviou and
Auvray, 1985; Graviou et al., 1988;
Strachan et al., 1989; D'Lemos et al.,
1992). The SMT and MT are interpreted
to be different structural levels of an ori-
ginally laterally continuous tectonic unit,
the difference in exposed structural level
reflecting displacement across the CSZ
(c.f. D'Lemos et al., 1992).

The North Armorican
shear zone and
the Central Armorican terrane

Although the NASZ clearly was an
important Variscan structure, it must
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represent a reactivated Cadomian struc-
ture, since it separates Brioverian volca-
nic and sedimentary basins structurally
inverted by Cadomian tectonism from
Brioverian sedimentary sequences not
significantly deformed until the Varis-
can. This is consistent with the data of
M.J. Watts and G.D. Williams (1979),
who implied that the earlier high-tempe-
rature mylonitic fabrics within the
NASZ predated a low-temperature
Variscan overprint. Support for this
interpretation also comes from the work
of M.P. Dabard (1990; Denis and
Dabard, 1988) which indicates that the
contribution of volcanic material to the
sediments of the Brioverian succession
decreased progressively towards the
south where continental source rocks
were dominant, and that deposition of
the sequences located south of the
NASZ occurred in a passive tectonic set-
ting. Furthermore, zircons from part of
the Brioverian succession of central
Brittany belong to a homogeneous popu-
lation with ages based on stepwise Pb-
evaporation grouped between 580 and
540 Ma (Guerrot et al., 1992). These
data indicate that sedimentation of at
least part of the Brioverian succession in
central Brittany was post-orogenic. The
tectonic line that separated the orogenic
domain to the north from a non-orogenic
domain to the south during the Cado-
mian was the NASZ. The uplifted and
eroding Cadomian NACT clearly was an
important source of detrital material for
the Brioverian sedimentary sequences of
the CAT.

The tectonic interprctation of the
NASZ is that it was a major transcurrent
fault that represented the southern boun-
dary of Cadomian orogenic activity
against a passive continental domain, the
CAT, to the south.

Late- to post-Cadomian evenis

Although the Cadomian cycle can be
defined as predating the Cambrian
unconformity in Normandy, the style of
Cambrian volcanism and the pattern of
Cambrian sedimentation both reflect
late- to post-Cadomian extension. Late-
Cadomian calc-alkaline volcanic
sequences are exposed (Figure 1) in
North Trégor, the Ignimbrites des 1.ézar-

drieux (Auvray, 1975), in Jersey, the
Jersey volcanic group (Lees and Roach,
1993), and in Normandy, the Ignimbrites
de St. Germain-le-Gaillard (Boyer et al.,
1972), which have yielded an age of 531
+ 20 Ma based on stepwise Pb-evapora-
tion on single zircons (Guerrot et al.,
1992). Some calc-alkaline plutonic mag-
matism on Jersey may be as young as
Silurian, Rb-Sr whole rock ages for dif-
ferent components of the southwest gra-
nite complex range from 550 + 12 Ma to
483 = 13 Ma (Bland, 1984), and Rb-Sr
whole rock ages for different compo-
nents of the northwest granite complex
range from 465 + 10 Ma and 426 =+
14 Ma (Bland, 1984), consistent with a
hornblende 4OAr/3%Ar age of c. 475 Ma
from diorite at the eastern side of the
complex (D'Lemos et al., 1992b). Whe-
ther any of these Rb-Sr whole-rock ages
reflect resetting during Lower Paleozoic
extensional deformation as a consequen-
ce of hydration in the manner described
by J.A. Evans et al. (1995) remains an
open question. The Jersey main dyke
swarm has been interpreted by G.J. Lees
(1990) as an example of late-Cadomian
extensional magmatism. Post-Cadomian
'molasse-like' sedimentation occurred in
a scrics of elongate I-W extensional
basins, represented by the Erquy-Fréhel
Group in North Brittany, the Rozel
Conglomerate Formation in Jersey, and
the Alderney Sandstone Formation in
Alderney (Went and Andrews, 1990).
To the southeast of the Cadomian belt,
the Cambrian Maine half-graben repre-
sents a further example of post-Cado-
mian extension and extensive Cambrian
pyroclastic volcanism and sedimentation
(Le Gall et al., 1975; Le Gall, 1993; Le
Gall and Dupret, 1994). The duration of
this period of post-Cadomian sedimenta-
tion and volcanism, c. 50 Ma from 530
to 480 Ma, is similar to that which
followed the Variscan orogeny during
the Permian.

A geodynamic model

A geodynamic model based on plate
tectonics for any period of time before
the Jurassic must make assumptions
about the starting paleogeography and
relative plate displacement vector across
a convergent plate margin, because the
ocean basins with their record of magne-
tic anomalies are recycled every
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c. 250 Ma. Although the chosen assump-
tions may not be unique, clearly they
should not lead to inconsistencies with
known geology. The main features that
must be explained by a model for the
late-Precambrian evolution of the Armo-
rican segment of the Cadomian belt
include: the occurrence of relics of Icar-
tian basement and the petrographic and
geochemical evidence for a basement
component within some of the magmatic
and sedimentary rocks; the plutonic
magmatism, in particular the pattern of
emplacement ages and the cooling histo-
ry, in general younging southward, and
the magma type and likely tectonic
setting; the volcanism, in particular its
restriction largely to the SBT, and changes
in magma type and likely tectonic
setting with time as revealed by geoche-
mical characteristics; the sedimentation,
in particular the apparent successive
younging of the sedimentary successions
from terrane to terrane southward, and
the likely tectonic setting as revealed by
provenance studies; tectonic structures,
in particular the kinematic information
that they reveal; and, the metamorphism,
in particular the southward progression
in age from terrane to terrane, and the
low-P to medium-P and relatively high-
T type of metamorphism in relation to
tectonic setting. These geologic features
constrain some elements in any geody-
namic model.

Subduction zones have complex tec-
tonic histories, progressing from a poor-
Iy understood initiation phase to
maturation, commonly accompanied by
opening of a back-arc basin and seaward
migration of the trench, to cessation of
convergence, often involving collision
with a subduction-resistent bathymetric
high, an arc or another continent. The
fate of the subducting slab must be
considered in the context of the time-
dependent evolution of the associated
subduction zone, particularly if there is a
rapid interval of trench migration. This
is because the geometry of the slab is
controlled both by the position of the
slab's leading edge and by the position
of the trench. Factors that influence slab
geometry are the relative rates of slab
sinking (controlled by the age of the
subducted material and the vertical vis-
cosity structure encountered) and trench
migration (coupled to the onset and
vigor of back-arc opening). Stresses
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induced by the ambient pattern of mantle
flow may distort slab geometry, slab
penetration into the lower mantle may
pin its leading edge to require horizontal
deflection to accommodate trench
Hugrauuu, and collision with some kind
of buoyant feature may lead to pinning
of part of the trench and resistance to
trench migration (bathymetric high), or
even cessation of convergence and slab-
detachment with consequent astheno-
spheric upwelling (arc or continent
collision).

I interpret the tectonic setting of the
Armorican segment of the Cadomian
belt to have been an active continental
margin above a subducting oceanic
plate, and the relative displacement vec-
tor between the plates most probably
was to the southwest, across an approxi-
mately ESE-oriented and SSW-dipping

Thiq 4
This contrasts with the

subduction zone.
suggestion by J.-P. Brun and P. Balé
(1990) that the regional scale deforma-
tion "..could result from oblique conver-
gence along an ENE-oriented and
NNW-dipping subduction zone", and
with the further development of the idea
of NW-dipping subduction by P.F. Gra-
viou (1992), who avoided the issue of
crustal anatexis in the SMT and MT
with the words "..cette nouvelle géomé-
trie de la chaine cadomienne implique
qu'un autre mécanisme restant a préciser
soit responsable de la fusion crustale a
l'origine du magmatisme mancellien".
Clearly, any geodynamic model for the
region must offer a reasonable explana-
tion for all of the main geological fea-
tures, and such explanations are better
achieved within a model that involves
southward-directed rather than north-
ward-directed subduction. The model
needs to explain segmentation of the
continental margin, displacement of the
dismembered parts and their subsequent
accretion, uplift and cooling; it can be
tested and modified as necessary, this is
the 'raison d'étre’ of any model.

Subduction of oceanic lithosphere
often is cited as the dh'v’ﬁ"xg force for
deformation in arc and fore-arc regions.
Although the deformational processes
are known in general, complications
arise from subduction of anomalous
bathymetric features or highs. The more
noticeable complications that arise from
subduction of bathymetric highs have

been argued to include relative seismic
quiescence or gaps, volcanic-arc seg-
mentation and/or quiescence, and rapid
crustal uplift of the overriding plate (e.g.
Gardner et al., 1992). Bathymetric highs

on LhC L Cail ﬂUUlb le_y 111 EUUIllULl)’
from aseismic ridges to oceanic plateaus,
and what happens when any of these
features is forced into a subduction has
been considered by P.R. Vogt (1973), A.
Nur and Z. Ben-Avraham (1989) and M.
Cloos (1993), among others. Preliminary
analysis of the glabal distribution of sea-
mounts (Craig and Sandwell, 1988) indi-
cates considerable variations in
population density and type across the
present ocean basins; most notable
among them are the absence of sea-
mounts in the Atlantic, variations in
population density across large age-off-
set fracture zones in the Pacific, the pre-

valence of small signatures in the Indian
n YO

and
in the large secamounts of the west Paci-
fic. Certainly, collision between sea-
mounts and accretionary wedges can
lead to dramatic deformation in the
forearc region, as exemplified in the
Japan trench (Lallemand and Le Pichon,
1987), including the formation of fore-
arc basins, as exemplified along the New
Hebrides subduction zone (Collot and
Fisher, 1989).

tha nvtctence r\{“ hnoar trpnr‘c

Collisional orogenesis is defined by
M. Cloos (1993) as a plate interaction of
the sort that causes a rearrangement of
plate motions, generally with the initia-
tion of a new subduction zone and the
creation of mountains. Buoyancy analy-
sis (Cloos, 1993) indicates that only
bodies of continental and oceanic island
arc crust that are greater than 15 km
thick make the lithosphere buoyant
enough to jam a subduction zone. Ocea-
nic island arc complexes built upon
ocean crust typically must be active for
more than ¢. 20 Ma to attain crustal
thicknesses so that their attempted sub-
duction causes collisional orogenesis.
Oceanic plateaus where basaltic crust as
much as c¢. 17 km thick caps 100-km-

thisrk 1ith T inh
thick lithosphere are inherently subduc-

tible, these plateaus must have crustal
thicknesses greater than 30 km typically
to cause collisional orogenesis during
subduction (Cloos, 1993). Short subduc-
ting seamounts (< 1-2 km tall) typically
cause only temporary dents, but taller
seamounts locally cause permanent dis-
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Fig. 4. - Simplified terrane map of the Armori-
can segment of the Cadomian belt. Thin arrows
represent generalized orientations of the domi-
nant stretching lineation, half arrows represent
sense of shear along wrench zones and broad
arrows rpprpqpnf oeneralized sense of tectonic

transport. Abbreviations are the same as in the
text, plus T - Trégor, G - Guernsey, and LH -
La Hague.

Fig. 4. — Carte schématique de “terranes” du
segment armoricain de la chaine cadomienne.
Les fléeches minces représentent les orienta-
tions généralisées de la linéation d’étirement
dominante, les demi-fléches représentent le
sens du cisaillement le long des zones arquées
et les fleches épaisses représentent le sens glo-
bal du déplacement tectonigue. Les abrévia-
tions sont les mémes que dans le texte, avec en
plus T-Trégor, G-Guernesey et LH-La Hague.

tortions as they bulldoze the front of the
fore-arc block (Cloos, 1993). The direct
tectonic effect resulting from the sub-
duction of most batuymﬁulw ulgub is
only a temporary isostatic uplift of the
fore-arc region of as much as several
kilometers, followed by subsidence to

original elevations.

Thus, there are various possible geo-
dynamic processes that might lead to
some modification of the continuity of
subduction. In the Armorican segment of
the Cadomian belt, the age progression
of terrane accretion and sedimentation,
magmatism, deformation and metamor-
phism successively younging southward
suggests the arrival at the trench of some
buoyant ocean floor topographic feature,
the subduction of which would have
caused progressive deformation of the
continental margin. Furthermore, the
subduction of a linear topographic featu-
re, given an appropriate geometric confi-
guration, would allow the point of entry
of the feature into the trench to migrate
along the trench with time and could
generate the observed bending of the ter-
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ranes around the Yffiniac arc at the head
of the Baie de St. Brieuc (Figures 1 and
4). Subduction of an active spreading
ridge is unlikely to be the feature in-
volved since the style of metamorphism
is inappropriate and unlike that recorded
in other metamorphic belts thought to
have been generated by ridge subduc-
tion, such as the Ryoke belt in Japan
\ui’\’)'v'v'ﬁ and nax(ajima, 177'—” or the
Chugach terrane in Alaska (Sisson et al.,
1989; Sisson and Pavlis, 1993). On the
other hand, the observed structural fea-
tures and crustal displacements do not

seem to be as extreme as those observed
in central Japan as a consequence of the
subduction of the Izu-Bonin arc at the
Nankai trough. Here rotation of trench-
parallel tectonic units through up to 90°,
lateral displacement along major
strike-slip fault zones and extensive
contractional deformation along the Itoi-
gawa-Shizuoka tectonic line all have
occurred within the last 15 Ma (Taira et
al., 1989). This represents the culmina-
tion of a series of regional tectonic

events related to changes mation

tha
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of the Philippine Sea Plate during the
past 40 Ma (Otsuki, 1990).

I consider that subduction of an
aseismic ridge or relatively young ocea-
nic island arc is the most likely ocean-
floor linear feature to have been the
cause of the crustal deformation in the
Armorican segment of the Cadomian
belt. P.R. Vogt (1973) predicted that
cusps in platc boundary zones and asso-
ciated arcs were the result of subducting
aseismic ridges, owing to the buoyancy
of the aseismic ridge segments of the
oceanic lithosphere. Further, as pointed
out by P.R. Vogt (1973), an aseismic
T‘idOP will not, in gpneral paranel the
subductlon vector, and thus will migrate
along the plate boundary zone to cause
migrating deformation. One analogue in
the present-day Pacific Ocean Basin
might be the subduction of the Kyushu-
Palau Ridge beneath Kyushu Island at
the junction of the Southwest Japan Arc
and the Ryukyu Arc (e.g. Kamata and
Kodama, 1994). An alternative analogue
would be the subduction of the Izu-
Bonin arc at the Nanki trough (Taira et

1., 1989; Otsuki, 1990), and crustal
deformation in the Armorican segment
of the Cadomian belt might have been
caused by subduction of a less well-
developed oceanic island arc in a fashion

analogous to, but not as extreme as, this
example in central Japan.

The application of this model to the
Armorican segment of the Cadomian
belt is shown in plan view as three time-
frames in Figure 5, utilizing the terrane
boundaries, main stretching lineation
and inferred sense of displacement as

A j A T+
summarized in ¥ 1gure 4. it 18 lluyubu in

the model proposed that the TLHT and
the SBT are partial lateral equivalents,
with the SBT interpreted to represent an
intra-arc basin widening to the east.
Thus, the thickness of the crust along the
continental margin must have thinned
from west to east, from the TLHT to the
SBT, with L.a Hague representing
approximately the line of transition,
consistent with the more continental-arc
affinity of magmatism within the TLHT
in comparison with the SBT, and consis-
tent with the generaily ensialic nature of
the volcanic basins within the SBT,
according to interpretations of tectonic
setting based on geochemical data. The
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terized by chemical similarity to modern
arc boninites, and likely older than the
inter-arc, arc and behind-arc volcanic
sequences further to the south, would
have been closest to the trench in this
model, consistent with the petrogenetic
requirements, and likely located at the
east end of the original TLHT/SBT,
where the arc setting was closest to
oceanic. The TLHT/SBT was bounded
on its S-side by a trench-parallel strike-
slip transcurrent fault, now represented
bfy the FSZ. 1 suggest that a Uatuymetﬂ\.
high located on the subducting oceanic
plate arrived at the trench and impinged
on the overriding continental plate from
¢. 610 Ma, and it was the progressive
subduction of this feature that caused the
sequence of geologic events recorded
within the Armorican segment of the
Cadomian belt (Figure 5).

Is there any evidence still preserved
for the existence of such a bathymetric
high as an aseismic ridge or an oceanic
island arc? The weli-known magnetic
anomaly offshore to the northwest has
been interpreted as a possible cryptic
suturc (Lcfort and choufin 1978); it is

naralla the qnrfa ~F NTW/_
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dipping seismic reflectors and intersects
SE-dipping seismic reflectors identified
in the middle crust on the SWAT profile
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Fig. 5. — Series of time frames at ¢. 600 Ma (a), ¢. 570 Ma (b) and c. 540 Ma (c) shown in plan view to illustrate the geodynamic model proposed for the
late Precambrian evolution of the Armorican segment of the Cadomian belt. The large arrow represents the relative displacement vector between the
subducting oceanic plate and the overriding continental margin plate, paired dashed lines represent the aseismic ridge on the oceanic plate, and the solid
line with teeth represents the line of the trench, the teeth indicating southward-directed subduction. Half-arrows show the sense of displacement along
wrench zones. Abbreviations are the same as in the text.
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Fig. 5. - Séries de schémas, vus en plan, & 600 Ma (a), 570 Ma (b) et 540 Ma (c) environ illustrant le modéle géodynamique proposé pour I'évolution &
la fin du Précambrien, du segment armoricain de la chaine cadomienne. Les grandes fléches représentent le vecteur de déplacement relatif entre la
plaque océanique en subduction et la plague continentale en obduction ; les lignes en doubles pointillés représentent la dorsale asismique sur le plan-
cher océanique, et la ligne continue dentelée représente la trace de la fosse, les dents indiquant le sens (vers le sud) de la subduction ; les demi-fleches

indiguent le sens de déplacement le long des cisaillements. Les abréviations sont les mémes que dans le texte.

by J.-P. Lefort and P. Bardy (1987) and
C. Bois et al. (1990). However, although
the magnetic anomaly turns to a north-
south orientation at its eastern end, to
interpret any part of this anomaly to
represent the trace of a former bathyme-
tric high beneath the Channel would be
nothing more than speculation.

The model contrasts in detail with
the explanation for the arcuate tectonic
features around the head of the Baie de
St. Brieuc proposed by P. Bal€ and J.-P.
Brun (1989; Brun and Balé, 1990) of a
linked northward-dipping, southward-
vergent thrust system and marginal
transform fault with its associated syn-
kinematic plutonism along the southeast
side of the thrust system. Hinterland-ver-
gent (antithetic) thrusting in the conti-
nental margin is consistent with
SW-directed subduction, in contrast to
oceanward-vergent (synthetic) thrusting
that might be expected at the trench
where the oceanic plate subducts be-
neath the leading edge of the continental
margin.

The geometric configuration shown
in Figure 5 implies that the point of
impingement of the bathymetric high in
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the trench migrated slowly along the
trench to the west, and its transport
down the subduction zone to the south-
west caused the complex deformation
now observed in the overlying continen-
tal plate. The progressive subduction of
the bathymetric high segmented the
continental margin and drove deforma-
tion and mctamorphism within each of
the constituent terranes of the NACT, as
weil as their accretion, upiift, exhuma-
tion and cooling sequentially from north
to south. The Brioverian volcano-sedi-
mentary basins were developed successi-
vt:xy in a southward pi‘\’)gi‘ebmuu on the
hinterland side of each successively
accreted terrane, some of the clastic

debris being derived by erosion of each
ew lly unlifted terrane to the north.

n uplifted terrane to the north
By c¢. 570 Ma, deformation of the

behind-arc marginal to within-plate
with the southern

hasgins had hpnnn

boundary of th1s zone being the newly-
initiated NASZ. The SMT and the MT
are regarded as lateral equivalents sepa-
rated by the sinistral strike-slip CSZ.
The progressive deformation resulted in
structural inversion of the SMT protolith
basin and thickening of the sedimentary

sequences, together with the underlying
thinned continental crust, which led to
thermal relaxation and crustal anatexis,
with additional advected heat from the
mantle, suggested by the gabbro-norite
complex at Trégomar (Figure 1). In the
SMT, melting occurred in the presence
of a water-rich volatile phase, the
ingress of which may have been facilita-
ted by the deformation style associated
with subduction of a bathymetric high.
In the interval c. 570-550 Ma in the MT,
regional extension likely continued toge-
ther with sedimentation, until around
550-540 Ma low ay_ volatile phase-
absent anatexis led to feduced viscosities
within the MT crust and allowed trans-
pressive deformation to facilitate trans-

nart of oranite maoma nnward
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the crust, to be emplaced at a higher
structural level in the MT. Ascent is
inferred to have been channelized along
steeply-oriented strike-slip shear zones
with emplacement into tensile bridges
developed between left-stepping seg-
ments of a major transcurrent fault zone.
Along individual granite pluton/country
rock contacts, however, local space crea-
tion by stoping clearly was the method
by which emplacement was completed.
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Transpressional deformation was
accomplished in part by volume loss due
to this escape of magma from the middle
and lower crust.

Such a progressive model that in-
volved tectonic dismemberment and
lateral juxtaposition of originally conti-
nuous units argues against a ".. palins-
pastic separation of the contrasting
Cadomian elements until at least the
latest Precambrian” (Dallmeyer et al.,

1991b). The model explains both the
adi
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and tectonothermal evolution from north
to south and from terrane to terrane, and
the map shape of the terranes, which thin
in a wedge-like fashion towards the sou-
thwest as they bend around the Yffiniac
arc at the head of the Baie de St. Brieuc.
Further west, around Lannion, Cado-
mian structures bend back to an E-W
orientation, which may be a primary
Cadomian feature, although the superim-
posed effect of the Variscan orogeny
makes it difficult to be sure of such an
interpretation. However, this interpreta-
tion would be consistent with the ENE-
WSW orientation of the offshore
magnetic anomaly, but such a coinciden-
ce is permissive rather than conclusive.

Conclusions

The late-Precambrian evolution of
the Armorican segment of the Cadomian
belt can be explained by a geodynamic
model involving normal plate interac-
tions at a convergent plate-boundary
zone along a continental margin. South-
ward-directed suhduction is preferred,
rather than northward-direcied subduc-
tion, because it is more consistent with
the full spectrum of geological evidence,
and because it leads to a simpler geody-

namic maodel Tt ig argne A that tha Aema
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rican segment comprises four discrete
but related terranes formed by tectonic
dismemberment of an active continental
margin and juxtaposed during progressi-
ve crustal-scale deformation consequent
upon impingement at the trench and sub-
duction of an ocean-floor bathymetric
high, such as an aseismic ridge or young
oceanic island arc. The tectonic segmen-
tation of once continuous units and the
juxtaposition of the resultant terrane ele-
ments led to different tectonometamor-
phic histories, southward-younging ages
of accumulation of Brioverian
sequences, and hinterland-propagating
deformation. Accretion of far-traveled
exotic terranes is not required to explain
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