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ABSTRACT

Dating of zircon cores and rims from granulites developed in a
shear zone provides insights into the complex relationship
between magmatism and metamorphism in the deep roots of
arc environments. The granulites belong to the uppermost
allochthonous terrane of the NW Iberian Massif, which forms
part of a Cambro-Ordovician magmatic arc developed in the
peri-Gondwanan realm. The obtained zircon ages confirm that
voluminous calc-alkaline magmatism peaked around 500 Ma

and was shortly followed by granulite facies metamorphism
accompanied by deformation at c¢. 480 Ma, giving a time
framework for crustal heating, regional metamorphism, defor-

Introduction

The tectonothermal evolution of mag-
matic arcs is a key issue to understand
the evolution of continental crust
through time, as they are argunably
the main geological setting for its
formation and growth (e.g. Yoshino
and Takamoto, 2004; Holbrook et a/.,
1999). Many recent studies show that
high-temperature metamorphism and
magmatism in this enviromnent are
closely related in space and time,
showing a complex interplay where
several thermal and/or deformational
events can be developed in short time
spans and show feedback relationships
(Corona-Chavez et al., 2006; Flowers
et al., 2005, McNulty, 1995). Thus, the
relative chronology of the different
processes involved is one of the main
aspects that we need to investigate to
constraint this evolution.

In this paper, we present the results
of a U-Pb SHRIMP study of zircon
from arc-related mafic and pelitic
granulites. It is well known that zircon
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commonly retains age information of
different geological events, which can
be recorded in distinct domains of the
crystal, typically cores and over-
growth rims. The meaningfulness of
U-Pb ages obtained in the different
domains depends on the correct
interpretation of zrcon internal fea-
tures as revealed by cathodolumines-
cence (CL) or back-scattered electron
images. When the age of the different
zircon internal domains is relatively
close, as could be expected in the high-
grade rocks of arc systems, most
U-Pb geochronological techniques
cannot resolve their relative timing
because they do not have the neces-
sary precision. However, in this study
we show that after a meticulous selec-
tion of samples and study of zircon
internal features it is possible to date
two high-grade events with an age
difference of only c. 26 Ma, which
approximates the resolution limit of
the method.

The samples studied are two types
of granulites belonging to the upper-
most allochthon of the NW Iberian
Massif, the most outboard terrane of
the European Variscan Belt, consid-
ered part of a Cambro-@rdovician
magmatic arc of peri-Gondwanan
affinity (Abati e &/, 1999; Martinez
Catalan et al., 2002; Fernandez-
Suarez et al., 2083). The first type of

mation and partial melting, the main processes that control the
tectonothermal evolution of arc systems. Traces of this arc can
be discontinuously followed in different massifs throughout the
European Variscan Belt, and we propose that the uppermost
allochthonous units of the NW Iberian Massif, together with the
related terranes in Europe, constitute an independent and
coherent terrane that drifted away from northern Gondwana
prior to the Variscan collisional orogenesis.

granulite is a metapelitic enclave in a
large gabbro body, and the second
type occurs as discrete shear zones in
the basal part of the same gabbro. The
crystallization age of the gabbro has
already been established at 499 +
2 Ma using U-Pb ID-TIMS (Abati
et al., 1999). The implications of these
results for the general evolution of the
European Variscan Belt will also be
discussed.

Geological setting

The allochthonous terranes of the
European Variscan Chain occur
around suture zones that form a
discontinuous belt running from the
Iberian Massif to the Bohemian Mas-
sif in Eastern Europe. In NW Iberia,
five allochthonous complexes (AC)
are preserved in synforms between
granitic and migmatitic gneiss domes
(Fig. 1). Their geological features,
geodynamic evolution and signifi-
cance are described in detail elsewhere
(e.g. Martinez Catalan et al., 2002).
These terranes are thrust upon
autochthonous and parantochthonous
sequences with northern Gondwanan
affinities. From bottom to top, three
units with distinct tectonometamor-
phic evolution can be correlated
throughout the five AC: (1) Basal,
(2) @phiolitic and (3) Upper units.
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Fig. 1 Geological map of the NW Ordenes Complex showing the Monte Castelo

gabbro and the location of the samples.

1 The Basal units consist of schists,
paragneisses and early Ordovician
felsic and mafic igneous rocks that
underwent subduction and high-
pressure (HP) metamorphism at
380-365 Ma during the closure of
an oceanic realm (Martinez Catalan
et al., 1996). They are considered to
represent the external edge of the
northern Gondwanan margin inv-
olved in the variscan collision.

2 Ophiolitic units highlight a rootless
suture that marks the closure of the
Palaeozoic Rheic Ocean (Martinez
Catalan et al., 2002).

3 Overlying the ophiolites, the Upper
units represent the most exotic ter-
rane and form a complex pile that
can be subdivided into a high-
pressure and  high-temperature
sub-unit (HP-HT) in the lower part
and an intermediate pressure (IP)
sub-unit in the upper part. These
units are viewed as parts of a
magmatic arc, whose origin and
evolution in the north Gondwana
margin is closely linked with the
opening of the Rheic Ocean (Ando-
naegui et al., 2002; Santos et al.,
2002; Abati et al., 1999, 2003;
Castifieiras, 2005). This opening
involved the previous development
of an active margin and arc forma-
tion, as is suggested by the wide-
spread arc development at that time
in the Iapetus Ocean (van Staal
et al., 1998; Winchester et al., 2002;
van Staal, 2005). Probably, back-
arc extension triggered the first
stages of rifting, pulling apart the

arc by slab roll back, and drifted
away leaving behind a back-arc
whose continued opening gave rise
to the Rheic Ocean (Stampfli and
Borel, 2002). The remnants of the
arc are now preserved in the terr-
anes outcropping above the ophio-
lites (the Upper units above the
Rheic suture), and evidences of the
back-arc extension and subsequent
rifting are widespread in the terr-
anes below them, like voluminous
peralkaline magmatism (e.g. Pin
et al., 1992).

This work focuses on the IP units
(Fig. 1), because we consider that the
original characteristics of the arc are
best preserved in these units. The
Upper units are interpreted as a sec-
tion from the lower to upper part of a
magmatic arc crust, thinned by exten-
sional detachments and characterized
by a complex polymetamorphic his-
tory. The HT-HP units are separated
from the IP units by an important
extensional detachment located on an
earlier thrust plane (Diaz Garcia
et al., 1999). The lower part of the
arc crust consists of a very heteroge-
neous sequence of ultramafic rocks,
mainly harzburgites and pyroxenites
(Girardeau and Gil Ibarguchi, 1991),
eclogites, HP mafic granulites and HP
paragneisses. The HP metamorphism
was related to subduction during the
accretion of the arc to the Laurentian
margin in late Silurian—early Devo-
nian times (425-390 Ma; Fernandez-
Suarez et al., 2002, 2007; GoOmez

Barreiro et al., 2006), although evi-
dence for an earlier Cambrian to early
Ordovician HT event is widespread
(e.g. Fernandez-Suarez et al., 2002).
By contrast, in the overlying IP units,
the regional metamorphism and tec-
tonic fabrics are genetically related to
the activity of the arc, therefore being
older than the HP metamorphism. In
summary, we have a lower section of
the arc that was subducted in the late
Silurian—early Devonian and was sub-
sequently delaminated from its upper
part, which still preserves most of the
original magmatic, tectonic and meta-
morphic features of the arc, without a
severe overprint of Variscan deforma-
tion or metamorphism.

The TP units consist of a thick
metasedimentary pile (more than
9000 m) with metagreywackes, metap-
elites and conglomerates forming
flyschoid sequences, intruded by
numerous gabbroic and granodioritic
bodies of different size. Excellent
examples are the large Monte Castelo
gabbro (Fig. 1) and the Corredoiras
orthogneiss (Diaz Garcia et al., 1999).
Metamorphic grade decreases in
intensity upwards, grading from IP
granulite facies in the lower part of the
unit to greenschist facies at the top.
The largest plutons are generally
undeformed and preserve igneous tex-
tures and mineralogy, the metamor-
phic mineral associations being
restricted to the high-grade shear
zones.

The metamorphic evolution of the
lower granulitic part was studied in
detail by Abati et al. (2003), and is
characterized by an anticlockwise P—T'
path. After a high-T-low-P event
caused by regional elevation of iso-
therms due to voluminous magma-
tism, the P-T path records an abrupt
burial at high-T and subsequent cool-
ing, yielding an anticlockwise loop.
Similar paths are obtained at shal-
lower crustal levels, in the medium-T
metapelitic schists overlying the gran-
ulites (O Pino Schists; Castifieiras,
2005). This kind of metamorphic evo-
Iution is well documented in magmatic
arcs (e.g. Baba, 1998; Will and Schmaé-
dicke, 2003).

U-Pb results
We sampled two foliated granu-
lites within the Monte Castelo

gabbro. Sample G97 is a metapelitic



granulite-facies xenolith in the Monte
Castelo gabbro. It consists of
Grt + @px + Bt + Pl + @tz +
Kfs + Crd + Sil + Rt + Spn (min-
eral abbreviations after Kretz, 1983)
and shows a complex texture with
different micro-domains. In spite of
the variety of zircon morphologies
found in this sample, as expected for
meta-sedimentary rocks, it is possible
to distinguish two main sets. The first
group is composed of variably worn
out prisms with aspect ratios from
1:2 to 1:3 that we interpret as
detrital grains. The second group con-
sists of multifaceted grains, usnally
equant, that we interpret as new-
grown metamorphic grains because
this morphology is typical of zircons
from granulite facies rocks (Corfu
et al., 2003; Harley et al., 2087). CL
images in the detrital grains (Fig. 2)
reveal that most of the zircons have

magmatic oscillatory zones, although
some xenocrystic cores or thin dark
rims (25-3@ pm) can also be found.
The multifaceted metamorphic zircons
display a dark, faint, polygonal or
sector zoning. Finally, some metamor-
phic zircons exhibit core-rim features,
with sector zoning in both domains. A
representative set of analytical data is
listed in Table 1 (the complete set of
data is provided as Electronic Appen-
dices). Seventy-eight spots from 67
grains were analysed wusing the
SHRIMP-RG at Stanford University
(the analytical methods are described
in an Electronic Appendix). The
results reveal a few ages older than
7068 Ma (Table 1), indicating that the
original sedimentary rock has a prob-
able Pan-African/Cadomian prove-
nance (Figs 3a and 4a). Considering
only the youngest ages, the relative
probability curve has a peak at

c. 5680 Ma (Fig. 3b). Fifteen of the
analyses that define this peak are
obtained from metamorphic zircons
and yield a mean age of 5052 +
2.4 Ma (mean square weighted devia-
tion, MSWD 1.6, Fig. 4b).

Sample ®W165 is a mafic granulite
located in a shear zone cross-cutting
the gabbro. It has granonematoblastic
texture and a peak mineral assem-
blage formed by Grt + @px + Pl +
Hbl + Rt + @tz. Zircon grains from
this sample can be grouped in two
sets. @n the one hand, there are big
prismatic grains (up to 6.5 nun), sim-
ilar to those found in the gabbro
(Abati et af., 1999), which exhibit a
variety of textures under CL, all of
them characteristic of igneous rocks:
homogeneous, fir-tree and sector
zoning. @n the other hand, there
are small rounded grains, not found
in the gabbro, which exhibit core-rim

Table 1 U Th Pb SHRIMP representative analytical data for arcons from the Monte Castelo granulitic shear zone (sample
OW165) and the metapelitic granulite included in the Monte Castelo gabbro (sample G97).

Spot Common U Th B2h, Miph
number 20ph (%) (p.p.m) (p.p.m.) 2By 38y 0phr  Ipp Fppe Wy Sppy  A0pp Mgy SEpp ATy Thys age
Sample OW165

2 DGC <0.01 17 37 217 12,9512 + 260 0.0537 + 7.04 12.9344 + 260 0.0548 + 7.21  0.0775 + 0.0021 481 + 12
6.1 DGC 3.68 20 40 21 12,2580 + 2.06 0.0868 + 4.59  12.5139 +2.25 0.0705 + 12.16 0.0786 + 0.0017 488 + 10
62 BR  <0.01 204 145 0.73 12.3151 £ 0.77 0.0570 £ 2.05 12.3350 + 0.78 0.0557 + 2.46  0.0812 = 0.0006 503 + 4
71  DGC <0.01 15 16 1.15 11.9887 + 2.31 00487 + 7.13  11.6787 +2.72 0.0700 + 17.47 0.0843 + 0.0020 522 + 12
72 BR 0.20 160 113 0.73 13.0117 £ 1.12  0.0582 +2.07 13.0117 + 1.12 0.0582 + 2.07 0.0767 + 0.0009 476 + 5
81 LGC 1.4 7 7 1.01 12.3400 + 3.68 0.0672 + 9.30  12.6025 + 3.94 0.0501 + 26.48 0.0800 + 0.0031 496 + 18
82 BR 0.05 283 168 0.61 12,9442 + 059 0.0571 + 1.67 12.9442 + 059 0.0571 + 1.67  0.0772 + 0.0005 479 + 3
91 LGC 092 10 8 0.90 12.4356 + 3.17 0.0645 + 8.32  13.2478 + 3.82 0.0797 + 0.0026 494 + 16
92 BR 0.19 178 1”1 0.70 12,6429 + 0.75 0.0585 + 2.06  12.6645 + 0.75 0.0571 + 2.40  0.0789 + 0.0006 490 + 4
101 LGC <0.01 6 4 0.66 12.4353 + 3.65 0.0544 + 10.38 13.2398 + 4.36 0.0807 + 0.0030 500 + 18
10.2 BR 0.02 300 116 0.40 13.2026 + 0.51 0.0566 + 1.48 13.1998 + 0.51 0.0568 + 1.50  0.0757 + 0.0004 471 +2
14 BR 0.32 266 166 0.64 12.8513 + 0.58 0.0593 + 1.56  12.8752 + 0.59 0.0578 + 2.01  0.0776 + 0.0005 482 + 3
Sample G97

41 C <0.01 754 695 0.95 104262 + 0.44 0.0586 + 1.09  10.4287 + 0.44 0.0584 + 1.11  0.0960 + 0.0004 591 + 3
42 R 0.03 164 42 0.27 122018 £ 1.13  0.0576 = 3.14  12.2833 £ 1.13 0.0522 + 410  0.0819 = 0.0010 508 + 6
5 DZ  <0.01 210 61 0.30 12,1658 + 0.74 0.0563 = 2.00  12.1658 + 0.74 0.0563 + 2.00  0.0823 = 0.0006 510 + 4
1M1 Dz 0.00 194 76 0.41 124629 + 0.74 0.0572 =+ 1.99  12.4629 + 0.74 0.0572 + 1.99  0.0802 = 0.0006 498 + 4
12 Dz 0.02 187 54 0.30 12.3486 + 0.77 0.0574 +2.07 12.3795 + 0.78 0.0554 + 2.80  0.0810 = 0.0006 502 + 4
16 C 0.18 450 301 0.69 95137 + 0.55 0.0626 + 1.30 95237 + 055 0.0617 + 1.40  0.1049 + 0.0006 643 + 3
20 Gz 0.11 139 35 0.26 124534 + 1.00 0.0580 +2.72  12.4953 + 1.02 0.0553 + 4.14  0.0802 + 0.0008 497 + 5
23 GC 0.40 137 43 0.32 122622 + 1.17 0.0606 + 4.06  12.3216 + 1.29 0.0566 + 9.02  0.0812 + 0.0010 503 + 6
27 Dz 0.03 1404 10 0.01 122479 + 032  0.0576 = 0.86  12.2467 + 0.32 0.0577 + 0.86  0.0816 + 0.0003 506 + 2
29 GZ  <0.01 137 36 0.27 12,5659 + 1.17  0.0567 + 3.22  12.6623 + 1.27 0.0505 + 8.63  0.0796 = 0.0010 494 + 6
36 DZ  <0.01 427 305 0.74 9.9321 + 048 0.0594 + 1.26 9.9619 + 0.49 0.0569 + 2.01  0.1008 + 0.0005 619 + 3
432 R 0.03 170 Al 0.43 9.8329 + 1.30 0.0608 + 3.92 9.8865 + 1.31 0.0563 + 532 0.1017 + 0.0014 624 + 8
502 R 0.01 2015 404 0.21 9.6729 + 0.29 0.0609 + 0.68 9.6814 + 0.29 0.0602 + 0.80  0.1034 + 0.0003 634 + 2
66.2 R <0.01 290 26 0.09 9.7161 + 0.79  0.0590 + 2.25 9.7979 + 0.85 0.0521 + 5.74  0.1031 + 0.0008 633 +5

LGC, light grey core; DGC, dark grey core; BR, black rim; C, core; R, rim; GZ, grey zone; DZ, dark zone. All errors are 1.
*Uncorrected ratios.
+Radiogenic lead corrected for common lead using 2**Pb.
tRadiogenic lead corrected for common lead using 2*7Pb.

§Age obtained using the 2*’Pb-corrected ratio.



Fig. 2 Cathedelummescence images of seme of the analysed arcens with the lecat en
of the SHRIMP spots and the age in Ma; (a—) arcen grains frem sample @W165;

(f-k) zxcen grains frem sample G9%7.
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Fig. 3 (3) Rc]atfvlc‘ prebabiity plet fer sample G%7 shewing all data, where 2.
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U ages were used for analyses younger than 1688 Ma, and 2*Pb-

cairected Y Pb/ 2P far grains elder than that value. (b) Relatve prabability plet
for arcens ysunger than 748 Ma frem sample G9%7. Yeung data were cengdered if
cemmen lead was Jess than 1%, whereas old data were included enly if they were

<19% discerdant.

features, where a grey luminescent lew
U central zene with magmatic zening
is usually ceireded and suureunded by
nen-luminescent evergrewths (Fig. 2).
Twenty spets were analysed in 14
zrcen giains (Table 1). Cere ages

(light grey ellipses in Fig. 2) are elder
than mim ages, yielding a weighted
average (MSWD 1.7) ef 492 +
12 Ma frem 11 analyses (ages yeunger
than 1080 Ma are calculated using the
H7py-ceriected 2*°Po/ U raties).

Despite the analytical effeits
reduce the errers in the 2%6Pb/2%U
Tatie measurements, the lew U cen-
tent (<20 p.p.m.) of the central zenes
resulted in relatively large eirers,
making in seme cases difficult te
distinguish between cere and rim ages
which everlap within analytical e1Ter.
Nevertheless, nine analyses (twe eof
them rejected) of black nms yield a
mere precse cencerdia age (sensu
Ludwig, 1998) ef 483 £ 4 Ma,
MSWD 9025 (white ellipse in
Fig. 5). This ageis 15 20 Ma yeunger
than the well-established age ef the
gabbreic intiusien (see previeus sec-
tien), and is therefere inteipreted as
Tepresenting a distinct yeunger event.
We inteipret it as a result of meta-
meIphic grewth ef zircen during the
develepment of the granulitic fabiic
and cencemitant crustal thickening
(see Abati ef al., 2003 fer details en
the metameiphic evelutien ef these
tecks). The systematic trend of yeun-
ger ages In ziicen nims can e visual-
ized in the CL pictures of Fig 2.
Additienally, a recennaissance trace
element study (see analytical metheds
and Table 4 in the Electrenic Appen-
dices) shews a marked difference
Y®, Er and Hf centents between ceres
(lewer values) and nms (higher val-
ues), censistent with a high-tempera-
ture metameiphism event fer the
e1igin ef the nms (Heskin and Schal-
tegger, 2003).

Discussion

The predse knewledge of the tectene-
thermal histery ef the sampled gran-
ulites tegether with the study ef the
internal features en ziicens revealed
by CL has permitted us te censtrain
twe high-temperature events virtually
ceeval, clese te the reselutien limit of
the methed. We used the mest cen-
cerdant analyses of zircens with meta-
meiphic characteristics frem sample
GY7 te ebtain the age eof the high-
tempe1ature metame1phism imprinted
by the gabbre intrusien in the pelitic
granulite (505 £ 2 Ma). This age is
slightly elder than the previeusly
reperted age fer the magmatism
(499 = 2 Ma, ID-TIMS in zircens
frem the Mente Castele gabbre,
Abati  eral, 1999); hewever, in
Fig 4b, it can be clearly seen that, in
spite of the statistical imprevement in
the eirer of the SHRIMP mean age
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Fig. 4 (a) Concordia plot showing distribution of SHRIMP zrcon analyses from a
metapelitic granulite included in the Monte Castelo gabbro (sample G97). (b) Cluster

of most concordant analyses at 585 + 2 Ma (white ellipses), interpreted as the age of

the high-temperature metamorphism in the metapelite due to the gabbro intrusion.
The data obtained from zircons of the Monte Castelo gabbro (black ellipses) is also
included for comparison. Error ellipses are 1o for SHRIMP analyses and + 20 for
ID-TIMS analyses. Isotopic rasios plotted are 2**Pb-corrected for common lead.
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Fig. 5 Tera-Wasserburg plot showing SHRIMP U Pb zircon ages from a granulitic
shear zone cross-cutting the Monte Castelo gabbro (sample OW165). Light grey
ellipses, cores; dark grey ellipses, black rims; white ellipse, concordia age of the rim
analyses. Error ellipses are +lo. Isotopic ramWos plotted are uncorrected for

common Pb.

calculated by IS@PL@T, most of the
individual data error ellipses overlap
with the previous geochronological
data, leading us to consider both ages

equivalent and to interpret them as
the age of the intrusion of the
Monte Castelo gabbro which induced
high-temperature metamorphism in

the metapelitic xenolith prior to its
burial.

In the mafic granulite, the results
obtained in the zircon magmatic cores
(492 + 12 Ma) are interpreted as the
age of plutonism, in agreement with
previous results, even though the low
U content resulted in a big error. The
age recorded in the black rims
(483 + 4 Ma) is significantly younger
than the tightly constrained crystalli-
zation age of the gabbro. In spite of
the high Th/U values obtained from
these black rims, we interpreted them
as metamorphic overgrowths because
they are absent in the zircons from the
non-metamorphosed gabbro, preclud-
ing a late magmatic origin (Pidgeon,
1992). Therefore, the use of the low
Th/U ratios as a clear discriminant of
metamorphic zircon (e.g. Rubatto,
2002) must be re-evaluated, as high
Th/U values are usual in metamor-
phic zrcons (e.g. Fernandee-Suarez
et al., 2007; for a discussion see
Harley et al., 2007).

These ages show the intimate rela-
tionship between the magmatic heat
production and the development of
high-temperature regional metamor-
phism, and the relative synchronicity
of igneous activity, burial and defor-
mation in the deep parts of the arc
environments. The close spatial and
temporal relationship between defor-
mation and emplacement of igneous
bodies is considered to be a charac-
teristic of magmatic arcs (e.g. Koma-
tsu et al., 1989; Klepeis et ai., 2083).

From the regional point of view, the
IP units are interpreted as a fragment
of a Cambro-@rdovician magmatic
arc developed in the peri-Gondwanan
realm and incorporated to the Vari-
scan orogenic wedge, which mostly
escaped the subsequent deformation
events that affected the underlying
units. The lower part of the same arc
crust is represented by the HP-HT
units. A hypothesis that considered
the IP units to be a magmatic arc with
coeval magmatism, deformation and
metamorphism was proposed by
Abati et al. (1999), based on U-Pb
ID-TIMS data. The results presented
here support this idea, as they dem-
onstrate that deformation (granulite-
facies shearing) immediately follows
the intrusion of igneous bodies, and
that these features were not over-
printed by subsequent Variscan defor-
mation.



CAMBRO-ORDOVICIAN
490 Ma

Fig. 6 Schematc reconstruction of distribution of continental masses at Cambro-
Ordovician times, showing the suggested palacopositions of the European Variscides
(dark grey) and the exotic terrane where the Monte Castelo gabbro intruded (black).
After Gomez Barreiro et af. (2007), based on Winchester et «f. (2002).

Allochthonous terranes overlying
the Rheic @cean suture, as the Upper
units of the AC, can be found in
several Variscan massifs of Europe,
from the French Massif Central to the
easternmost realms, like the Gory-
Sowie Massif in the Polish Sudetes
(Franke and Zelazniewicz, 2088). This
continuity suggests that this alloch-
thon could represent a relatively large
terrane, even taking into account the
dismembering effects of late-Variscan
strike-slip tectonics (Shelley and Boss-
iére, 2002; Martinez Catalan et al.,
2007). Detrital zircon and inheritance
geochronology studies indicate that
this terrane originated during the
Neoproterozoic—early Palaeozoic in
the periphery of the West African
Craton (e.g. Fernandez-Suarez et al.,
2003; Kober et al., 2004). The pres-
ence of a Cambro-@rdovician active
magmatic arc in this part of the peri-
Gondwanan realm is being progres-

sively accepted by an increasing num-
ber of authors, linking the ¢. 56¢ Ma
magmatic rocks in correlative terranes
with arc environments (e.g. Chen
et al., 2008). Consequently, this arc
should be taken into account in plate
tectonic model reconstructions for the
area (Fig. 6). The presence of a mag-
matic arc system in the north Gondw-
ana margin simultaneous to the rifting
process that produced the opening of
the Rheic @cean (e.g. Murphy et a/.,
2084) provides a mechanism for the
initial stages of the process, suggesting
that it began as a back-arc rift. Con-
sequently, we propose that the upper
allochthon constitutes a remnant of an
independent Gondwanan terrane,
interpreted as a magmatic arc. A more
detailed description of this new ter-
rane and its geological evolution is
given by Gémez Barreiro et al. (2007).
It would be a lateral equivalent of
Avalonia and its associated Gander

arc that probably drifted away from
northern Gondwana around the Cam-
bro-@rdovician boundary, and ac-
creted to the Baltic part of Laurussia
during the Silurian (e.g. Murphy
et al., 2004). Rift-drift of the terrane
represented by the upper allochthon
was probably induced by slab roll
back of subducting Tornquist oceanic
lithosphere (Sanchez Martinez et al.,
2007), as the terrane registered volu-
minous arc plutonism which is at the
origin of an early thermal event.
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