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Abstract: Detrital U-Pb laser ablatien inductively ceupled plasma mass spectremetry zircen ages frem six
siliciclastic samples frem the lewer allechthen of NW Iberia are analysed te censtrain their maximum sedi-
mentatien age and prevenance, and te evaluate the cennectiens te the adjacent tectenestratigraphic demains.
Depesited in the external sectiens of the Gendwana platferm, their maximum depesitienal age is latest Nee-
preterezeic (c. S60Ma). Cemparisen of the age pepulatiens ef the lewer allechthen with these ef the rest of
the allechtheneus and autechtheneus units of NW Iberia suggests that the terranes lecated in the feetwall of
the Variscan suture sheuld net be censidered as exetic elements, but as centigueus pieces of the same centi-
nental margin transperted ente the adjacent Gendwana mainland in Variscan times. The data are in agreement
with the regienal trend defined by the drep in Early Neepreterezeic and Mesepreterezeic zircen centent
upward in the tectenic pile, which had been previeusly prepesed as a marker of preximity te the eastern part
of the West African Craten. Based en the age spectra, the palacepesitien for the time of sedimentatien is
placed in nerthern Africa, between the West African and Saharan cratens. Particular attentien is paid te the

eccurtence of an Early Neepreterezeic input, prebably derived frem the Pan-African Heggar suture.

Determining the age and provenance of sedimentary rocks
provides hints to place the processes that affected the Earth’s crust
in time and space. Access to such information in mobile belts
surrounding stable cratons is limited by the fact that these belts
usually are involved in active plate boundaries, where both
deformation and metamorphism blur some of the age (fossils) and
palaeogeographical (palaecomagnetism) indicators. Zircon is a
convmon constituent of most sedimentary rocks, and it is very
resistant and largely survives metamorphism and deformation.
Therefore, the analysis of age populations of detrital zircon grains
is commonly used to constrain the maximum depositional age and
provenance of metasedimentary rocks, and its role as a geody-
namic tracer is currently gaining importance (e.g. Braid et al.
2011; Drost et al. 2011; Zhu et al. 2011).

Sedimentary basins located around cratonic areas may be filled
with detritus derived from the craton itself and/or from dismantle-
ment of younger belts bounding the craton. Given that these belts
typically contain a significant cratonic input, the origin of detritus
after several recycling evenw is difficult to interpret by conven-
tional, single zircon grain core provenance analyses. These analy-
ses provide information about only one tectonomagmatic cycle.
However, core and rim analyses offer a wider picture of the oro-
genic cycles recorded in the source areas because they not only can
date the events, but also can reveal the age of the material involved
in each cycle. Supported by a regional background, such data con-
strain the possible sources, improving the precision of the palaeo-
geographical reconstructions.

Formed from the Late Palaeozoic collision between Gondwana
and Laurussia, the Variscan belt may be divided into three major
domains: the external thrust belt and foredeep basin, the autochtho-
nous sequences of Gondwana, and the allochthonous, far-travelled
terranes, which show ditferent derivation and include ophiolites
(Fig. 1a; Martinez Catalan ef a/. 1997). The allochthon consists of
rootless thrust stacks structurally emplaced on the autochthonous
Gondwanan margin. In NW Iberia, the Schistose Domain is located
at the base of the far-travelled terranes and is interpreted to repre-
sent a parautochthonous slice of the outer Gondwanan margin that
was transported inland during the Variscan collision (Ribeiro et al.
1990; Martinez Catalan ef a. 1997). Both the upper and lower lim-
its of the Schistose Domain are tectonic contacts, either low-angle
thrusts or extensional detachments, or both (Gonzalez Clavijo &
Martinez Cataldn 2002; Martinez Catalan et al. 2002; Diez Montes
et al. 2010; Gomez Barreiro et al. 2010; Diez Fernandez et al.
20125), which obscure former tectonic boundaries as well as the
links of the lower allochthon with the adjacent terranes; namely,
the autochthon, and other allochthonous units.

The Variscan nappes may represent the amalgamation of ter-
ranes that were previously contiguous along the northern margin of
Gondwana (Martinez Catalan 1990; Gémez Barreiro et al. 2007).
To determine the maximum depositional age and constrain the
provenance, here we present laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS) U-Pb ages of detrital
zircons from six siliciclastic samples of the lower allochthon of
NW Iberia (Schistose Domain). To date, such analysis has not been
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performed either in this domain or in other equivalent sections
along the Variscan belt. The cratonic affinities of this domain are
then compared with those of the overlying and underlying terranes
of the tectonic pile to determine their relative palaeogeographical
positions during sedimentation and to evaluate the internal homo-
geneity of the allochthonous nappe stack of NW Iberia in terms of
age populations and provenance. In addition, a core-rim analysis
conducted on zircon grains showing multiple stages of crystalliza-
tion is used to reveal the crustal recycling events that affected the

source areas, thereby providing further constraints for palaeogeo-
graphical reconstructions.

Geological setting

The Variscan allochthonous terranes of NW Iberia crop out as klip-
pen in synformal structures (Fig. 1b; Martinez Catalan et aZ. 2009).
The upper part of the nappe stack crops out in the allochthonous
complexes, which include several types of tectonometamorphic



units (Arenas et a/. 1986). The upper units are tectonic slices of a
Cambro-@rdovician continental arc built on the Gondwana margin
(Abati et al. 1999; Fuenlabrada ef al. 2010), whereas the middle
units are ophiolitic and considered relicts of oceanic domains
flanking the Gondwanan platform (Diaz Garcia ef al. 1999; Pin
et al. 2006 ; Arenas et al. 2007; Sanchez Martinez ef al. 2007). The
basal units represent the most external part of the Gondwana mar-
gin (Arenas ef al. 1995; Martinez Cata 1an ef al. 1996) and preserve
evidence of the continental rifting and tectonomagmatic activity
comnected to both the building of the Cambro-@rdovician arc sys-
tem and the opening of an ocean basin (Diez Femandez & Martinez
Catalan 2009; Abati et al. 2010; Diez Femandez ez al. 2012a).

The lower part of the allochthonous stack forms an imbricate
thrust sheet known as the Parautochthon (Ribeiro ef al. 1990) or
Schistose Domain (Marquinez Garcia 1984), which separates
the far-travelled terranes from the autochthonous sequences of
Gondwana. The base of the Schistose Domain is a low-angle thrust
that cuts earlier folds toward the foreland (Farias et al. 1987,
Marcos & Farias 1999; Diez Montes ef al. 2010). The domain itself
is characterized by a widespread, flat-lying foliation and low- to
medium-grade metamorphism at the top (Barrovian-type evolu-
tion) and partial melting conditions at the bottom. The upper parts
of allochthonous nappe stack preserve the record of the early
Variscan crustal thickening related to folding and thrusting during
initial convergence, whereas the lower parts are intruded by exten-
sive Variscan granitoids (Fig. 1b) and were reworked in migmatitic
domes that developed during the extensional collapse of the oro-
genic belt (e.g. Diez Fernandez ef al. 20125).

From a stratigraphic point of view, the Parautochthon or
Schistose Domain, which forms the lower parts of the nappe stack,
consists of preorogenic Cambrian, @rdovician, Silurian and
Devonian metasedimentary and metavolcanic rock sequences, and
younger, Late Devonian and Early Carboniferous synorogenic
flysch deposits (Iglesias & Robardet 1980; Pereira ef al. 1999;
Sarmiento et al. 1999; Gutiérrez-Marco et al. 2001; Gonzilez
Clavijo & Martinez Catalan 2002; Farias & Marcos 2004 ;
Rodriguez et al. 2004; Valverde-Vaquero ef al. 2005; Pigarra ef al.
2006). The stratigraphic, magmatic and faunal similarities between
this domain and the Iberian autochthonous sequences (Farias ez al.
1987; Barrera et al. 1989; Valverde-Vaquero et al. 2005; Pigarra
et al. 2006), together with the absence of ophiolites inside or at
their contact, suggest that the two domains were located adjacent to
each other, forming part of the same continental margin.

Sample description

The samples were collected in the low- to medium-grade sections
of the Schistose Domain (Fig. 1b). In central Galicia, the Schistose
Domain is up to 7 km thick and may be divided in three lithostrati-
graphic units (Barrera et al. 1989; Farias & Marcos 2004). There,
its lower part is known as the Santabaia Group, which is a volcano-
sedimentary series including quartz and mica schists, paragneisses,
felsic metavolcanic rocks, and minor layers of calc-silicate, amphi-
bolite, quartzite, and mica-rich quartzite. In an intermediate posi-
tion, the Nogueira Group consists of black to greyish mica schists,
carbonaceous chert layers (lydite), quartz schists and lenses of calc-
silicate and marble, whereas in the uppermost position the Parafio
Group is mostly composed of quartz schisw (samples GCH-PA-1,
2, and 3) and phyllites, together with layers of metagreywacke,
quartzite (sample GCH-PA-4) and felsic metavolcanic rocks
(Marquinez Garcia 1984 ; Gallastegui ef a/. 1987; Marcos & Llana-
Finez 2002). Around the Cabo @rtegal Complex, the Schistose
Domain is up to 3 km thick, and is divided from bottom to top into
the Loiba and Queiroga Series (Marcos & Farias 1999). The Loiba

Series consists of phyllites (sample GCH-PA-6) alternating with
minor layers of grey to white quartzite, felsic metavolcanic rocks
and metavolcano-sedimentary rocks. The Queiroga Series includes
thin-bedded grey feldspathic lithic metasandstone alternating with
phyllite, quartzite (sample GCH-PA-5) and metavolcanic rocks
(Ancochea et al. 1988; Arenas 1988).

The metasedimentary rocks of the Schistose Domain represent a
rather azoic series, therefore we lack good age constraints for the
samples collected. The age of the Santabaia Group has been
assumed to be Precambrian—Silurian (Barrera et a/. 1989), but
recent U-Pb ages from two volcanic complexes in an equivalent
succession in Tras-os-Montes (NE Portugal) have yielded Late
Cambrian and Early @rdovician ages in the lower and middle par%
of the sequence respectively (Dias da Silva et al. 2012). The
Nogueira and Parafio groups are considered to be of Silurian and
Silurian-Devonian age, respectively (Marquinez Garcia 1984;
Barrera et al. 1989). For the sequences of Cabo @rtegal, previous
studies have confimmed an @rdovician age in the upper part of the
Loiba Series (Llanvirn—Caradoc Chitinozoa ; Rodriguez ef al. 2004)
and in the upper part of the Queiroga Series (metavolcanic rocks of
c. 475+2Ma; Valverde-Vaquero ef al. 2005).

GCH-PA-1 (UTM 572622 E, 4717334 N) is a mylonitic quartz-
ite of the Parafio Group sampled to the south of Lalin (Silurian—
Devonian age), adjacent to the basal thrust of the Lalin and Forcarei
units (Fig. 1b). It consis® of quartz, biotite and white mica, with
minor feldspar, mainly plagioclase, chlorite and opaque minerals.
The mylonitic foliation is defined by narrow strips of mica separat-
ing bands of recrystallized quartz grains showing triple junctions,
and in many cases, rectangular shapes. The larger grains commonly
include small mica grains oriented parallel to the foliation, indicat-
ing that mylonitization gave rise to a fine-grained fabric that evolved
to a coarse-grained fabric as a result of temperature increase at the
end of or after thrusting. The latter is proved by almandine and stau-
rolite growth overprinting the foliation of adjacent mica schis.
Chlorite appears as a late, retrograde phase, mostly replacing parts
of the mica-rich layers.

GCH-PA-2 (UTM 563693 E, 4705273 N) is a micaceous quartz-
ite of the Parafio Group collected farther to the SW in the late
Variscan antiform between the Forcarei and Lalin units (Silurian—
Devonian age). It is similar in composition to the previous sample,
except for the absence of plagioclase, and has a strongly developed,
non-mylonitic schistosity. Quartz grains are clearly deformed but
less recrystallized, usually elongated but irregular in shape, with
small-amplitude lobate contack and common but not dominant tri-
ple junctions. Crossed micas and poorly preserved hinges in the
quartz-rich domains provide evidence of a previous tectonic folia-
tion, overprinted by the dominant main schistosity, which is related
to the emplacement of the allochthonous complexes above
(Marquinez Garcia 1984).

GCH-PA-3(UTM 561396 E, 4698080 N) is a biotite-rich schist
collected in the Parafio Group (Silurian-Devonian age), close to the
southern part of the Forcarei Unit and the Lalin—Forcarei thrust. It
has a well-developed tectonic foliation with irregularly distributed
quartz-rich domains suggesting that it was derived from a tectonic
banding developed from crenulation of a previous cleavage. Sets of
oblique, large grains and recrystallized fold hinges in mica-rich
domains confirm that we are dealing with an evolved crenulation
cleavage. The size of the mica grains involved indicates that the
previous foliation was a coarse-grained schistosity, probably the
second, regionally developed foliation related to the emplacement
of the allochthonous complexes. This relatively old foliation
was thermally overprinted during the metamorphic peak, and
then underwent microfolding contemporaneous with the develop-
ment of the late Variscan steep folds affecting the allochthon and



Schistose Domain. Growth of chlorite sheaves cross-cutting the
foliation characterizes late-stage retrogradation.

GCH-PA-4 (UTM 584005 E, 4680268 N) is a quartzite sampled
to the south of @urense, in the open structural basin of A Seara, and
represents the uppermost preserved parts of the Parafio Group
(Silurian—Devonian age). It is a low-grade, strongly deformed rock
characterized by large quartz porphyroclasts with irregular, serrate
boundaries, undulose extinction, and recovery process, floating in
amatrix of finely recrystallized quartz grains. Micas, almost exclu-
sively chlorite, occur in irregular bands with widths that vary along
strike. @xides bounding the strips, mainly their narrow parts, indi-
cate pressure solution mechanisms in the formation of the foliation,
whereas the quartz fabrics suggest recrystallization by subgrain
rotation.

GCH-PA-5(UTM 596882 E, 4841674 N) is a quartzite sampled
in the upper part of the Queiroga Series, close to the base of the
Cabo @rtegal Complex (@rdovician age). The rock is moderately
deformed, with most grains elongated and showing a preferred ori-
entation, but their elongation is weak in general, with aspect ratios
of 1-2. Grain boundaries are serrate, and undulose extinction is
always present. Tiny white micas separate some of the quartz
grains and, together with the elongated quartz grains, delineate the
only identifiable tectonic fabric, which clearly developed under
low-temperature conditions.

GCH-PA-6 (UTM 600970 E, 4844545 N) is a finely laminated,
fine-grained, low-grade metapelite formed by quartz, white mica,
and opaque minerals. It was collected at the lower part of the Loiba
Series, close to the basal thrust of the Schistose Domain to the east of
the Cabo @rtegal Complex. A cleavage that is only slightly oblique
to the sedimentary banding can be seen in the thin section, although
in outcrop it can be seen also cutting at high angles the primary layer-
ing and probably a low-grade cleavage subparallel to it.

Analytical methods: U-Pb zircon dating

Zircon grains were recovered at Universidad Complutense, Madrid
by crushing, sieving and concentration of the heavy fraction using
a Wilfley table, followed by magnetic and density separation. The
final mineral fractions were hand-picked under a binocular micro-
scope, mounted in epoxy resin, and then polished to an equatorial
section of the grains at Goethe-University, Frankfurt.

All samples contain subidiomorphic zircons with rounded
rims and variable shape and size. Their colour varies from clear
and colourless to pinkish and almost opaque. The internal
structure, inclusions, fractures and physical defects were analysed
using cathodoluminescence (CL) imagery at Goethe-University,
Frankfurt. The CL study shows that most zircon grains have a sim-
ilar core-rim internal texture. The cores usually exhibit concentric
oscillatory zoning, suggesting crystallization in granitic magmas
(Hoskin 2000). @nly the most homogeneous parts of the grain
cores, free of defects, cracks and inclusions, were analysed. Some
grains exhibit multiple and concentric layers of growth, which were
analysed when possible.

Uraniumand lead isotopes wereanalysedusinga ThermoScientific
Element 2 sector field ICP-MS system coupled to a New Wave
Research UP-213 ultraviolet laser system at Goethe-University,
Frankfurt following the method of Gerdes & Zeh (2006).

The data were acquired in time-resolved—peak jumping—pulse
counting mode over 670 mass scans during 19s background meas-
urement followed by 25s sample ablation. Laser spot sizes varied
from 20 to 30 um with a typical penetration depth of ¢. 15-20 um.
The signal was tuned for maximum sensitivity for Pb and U while
keeping oxide prosuction, monitored as >**U@/>*U, well below
1%. A teardrop-shaped, low-volume (<2.5 cm?) laser cell with fast

response (<1s) and low wash-out time was used (Janousek et al.
2006; Frei & Gerdes 2009). With a depth penetration of ¢. 0.6 ums™!
and a 0.9s integration time (=15 mass scans=1 ratio) any signifi-
cant variation of the Pb/Pb and U/Pb at the micrometre scale is
detectable.

Raw data were corrected oftline for background signal, common
Pb, laser-induced elemental fractionation, instrumental mass dis-
crimination, ane time-dependent elemental fractionation of Pb/U
using an in-house MS Excel® spreadsheet program (Gerdes & Zeh
2006, 2009). A common Pb correction based on the interference- and
background-corrected **Pb signal and a model Pb composition
(Stacey & Kramers 1975) was carried out, where necessary. The
necessity of the correction was based on whether or not the corrected
207pb/2%Pb lay outside the internal errors of the measured ratios.

Uncertainties related to the common Pb correction (e.g. 4%
uncertainty on the assumed 2*’Pb/2**Pb composition) were quad-
ratically added to final uncertainty. The interference of **Hg
(mean=129+18c.p.s.)) on mass 204 was estimated using a
204Hg/?2Hg ratio of 0.2299 and the measured **?Hg. Laser-induced
elemental fractionation and instrumental mass discrimination were
corrected by normalization to the reference zircon GJ-1 (Jackson
et al. 2004). Prior to this normalization, the drift in inter-elemental
fractionation (Pb/U) during 25s sample ablation was corrected for
single analyses. The correction was made by applying a linear
regression through all measured ratios, excluding the outliers (42
standard deviation; 2SD), and using the intercept with the y-axis as
the initial ratio. The total offset of the measured drift-corrected
206py 233U ratio from the ‘true’ isotope dilution thermal ionization
mass spectrometry (ID-TIMS) value of the analysed GJ-1 grain
was typically around 3-9%. Reported uncertainties (26) of
2¢ppy/ 23U were propagated by quadratic addition of the external
reproducibility (2SD) obtained from the standard zircon GJ-1
(n=12;2SD ¢. 1.3%) during the analytical sequence (55 unknowns
plus 12 GJ-1) and the within-run precision of each analysis (2 SE;
standardl error).

The external reproducibility of the 2*’Pb/2*Pb of GJ-1 was about
0.9% (2SD). However, as 2’Pb/**Pb uncertainty during LA-SF-
ICP-MS analysis is directly dependent on 2*’Pb signal strength,
uncertainties were propagated following Gerdes & Zeh (2009). The
235U value was calculated from the 2**U value divided by 137.88
and the 2Pb/>*U uncertainty by quadratic addition of the
2¢pp/22U and the 2Y’Pb/**Pb uncertainty. Repeated analyses of
reference zircon PleSovice yielded a concordia ages of
337.9+2.3Ma (n=12), which is in agreement with the published
value of 337.13+0.37Ma (Slama ef al. 2008). The software
[SOPLOT (Ludwig 2003) and AGEDISPLAY (Sircombe 2004)
were used for plotting of the data and age calculation.

Age spectra

®nly concordant or nearly concordant (<<10% discordant) isotopic
data were considered for interpretation of detrital zircon age. Figure
2 shows all the U-Pb concordia diagrams resulting from
LA-ICP-MS analyses, and the probability and frequency diagrams
are plotted in Figure 3. Ages younger than 1 Ga are reported based
on 2°Pb/2**U ratios corrected for common Pb. @lder ages are
reported based on their 2*Pb-corrected 2*’Pb/?*Pb isotopic ratio
(e.g. Chang et al. 2006).

The most relevant features of the samples are summarized in
Figure 4. Because no major differences between age groups of the
six samples from the Schistose Domain have been found, their rep-
resentative age populations are summarized in a cumulative prob-
ability diagram made by merging the data from all the samples
(Fig. 5a). The main age group has Neoproterozoic 2**Pb/?**U ages
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between 550 and 750 Ma, with a maximum at 635 Ma. The second 1950, 2080, and 2150Ma. There is a third group of Neo- to
group includes analyses with Palaeoproterozoic 2’Pb/**Pb ages Mesoproterozoic ages straddling the interval between 750 and
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Archaean ages (mostly 2450-2800 Ma) plus a few small clusters
ranging from 1050 to 1800 Ma complete the picture.

Among 74 core and rim analyses, 29 zircon grains from all
samples except GCH-PA-4 yielded clearly different, concordant
crystallization ages for their core and rim (Figs 6 and 7). The
data provide evidence for crust recycling processes during
the Palaeoproterozoic and Neoproterozoic. Recycling during the
Palaeoproterozoic affected boththe Archaean and Palaeoproterozoic
grains, which were also involved in Mesoproterozoic and Neopro-
terozoic events. The Mesoproterozoic input participated in Early
Neoproterozoic crust recycling, which extended to the Late
Neoproterozoic and might have atfected all the older age popula-
tions, including the Early Neoproterozoic input.

Discussion: depositional age, regional affinities,
and palaeogeographical constraints

Based on both the youngest zircon grains and the youngest zircon
age populations, the maximum age of sedimentation of all the

samples is 560-550Ma (Fig. 4). Faunal and isotopic dating, and
correlation based on stratigraphical similarities indicate a
Palaeozoic age (Cambrian, @rdovician, Silurian and Devonian) for
the sequences of the Schistose Domain (see references above),
although a Late Neoproterozoic age cannot be discarded for some
of them, as no age indicators extend throughout the sedimentary
record, and the fold and thrust structure of this domain is not well
constrained (e.g. Valverde-Vaquero et al. 2005; Rodrigues et al.
2006; Dias da Silva & Gonzélez Clavijo 2010).

In previous studies a marked scarcity of Early Palaeozoic zircon
grains in the sedimentary record of the northern Gondwana plat-
form has been noted (Fermandez-Suarez et al. 2000, 2002; Martinez
Catalan er al. 2004). @ther researchers, however, have demon-
strated that there was plenty of such input in the most external parts
of the platform (Arenas ef al. 2009; Diez Fernandez et al. 2010).
These data can be understood in the light of the major events char-
acterizing the Early Palaeozoic evolution of this realm. The Early
Palaeozoic input (mostly Cambrian) could have been supplied by
the coeval peri-Gondwanan volcanic arcs (e.g. Abati et al. 1999;



GCH-PA-1 GCH-PA-2 GCH-PA-3 GCH-PA4 GCH-PA-5 GCH-PA-6
Main Age 550-700 (600-
Group | 990700(650) | 560-850(635) | 550700 (630) | 545-700(630) 650) 550-700 (610)
18202270 1850-2250
Second 1920-2250 1900-2200 1750-2200
Age Group| (1930, 2020) | { 9523'0%?50' (19:;?‘5%;’70‘ (1950) (1950)
T'g:i :\:.e 800-1050 850-1150 | 750-1250 (1000) 800-1050 800-1100
Youngest | oo 1392%) | 561611 (97%) | 54914 (102%) | 543411 (109%) | 551219 (101%) | 552¢30 (95%) Fig. 4. Table shewing the mest relevant
Ys::;:st features of the detrital zircen input ef
Age 569 572 581 575 597 609 sgpop s SEHEEE] 19 GLEFERGR3a
Population in Ma). Age sub-maxima are given
gdes‘ 2696+14 (98%) | 3418:66 (97%) | 3053+16 (102%) | 264311 (100%) | 3538:35 (1019%)| 2833+30 (100%) in parentheses. Percentages indicate
ILcon, cencerdance.
00054  PARAUTOCHTHON, n=832/915 (a) 2596+14 | 2427+30 | 221651 | 98469
0.004 2113419 | 596+10 | 2022+15 | 642+13
Il Arch 9 -PA-
z W Picoproierococ g GCH-PA-L 1= g6a<15 | 0aaz19 | 812:10
5 0.003 Mesoproterozoic
% 1 Neoproterozoic 677110 680+15 689+13
20.002 282017 | 2271+20 | 2196432 | 2047+34
0.001 633+17 809+21 | 1895+31 | 67614
1057+28 | 939+16 845+20 825+14
130 GCH-PA-2
726+12 834+17 | 661+32 646+19
Age (Ma) 781+18 70817
595+33 627+18
3053+16 | 2141+38 | 1274+28 | 668+18
oo, GCH-PA-3 = = ) "
: BASAL UNITS, n=1187 (b) 680+13 | 2015+20 | 940421 612+14
(compiled from Diez Fernandez et al., 2010) GCH-PAS 1944+46
0.003 1 722+25
2053412 | 1933423 | 1924+29 | 1909+17
>
£ 00024 1948+14 | 1083+28 | 629+19 610+19
= GCH-PA-6
§ 1888+12 | 964+26 945+21
& 01 740+18 | 700+17 654+18
Fig. 6. Table shewing the mest representative cere (upper rew) and
0.000 rim (lewer rew) analyses. Only highly cencerdant data acceunting fer

FiG. 5. Prebability density distributien of U-Pb ages and relative
abundance of significant age pepulatiens (pie chart) of detrital zircen
grains frem (a) the Schistese Demain (preduced by merging the data
frem the six samples shewn in Fig. 3) and (b) the basal units ef the
allechtheneus cemplexes (cempiled frem Diez Fernandez e a/. 2010).

Eguiluz et al. 2000; Castifieiras ef al. 2010), and to a lesser extent
by the Cambrian and @rdovician igneous activity that affected the
continental platform (e.g. Montero et al. 2009; Diez Montes et al.
2010; Sanchez-Garcia et af. 2010). However, the continental plat-
form was subjected to contemporaneous, protracted extension and
high subsidence rates (von Raumer & Stampfli 2008), so that
the sources of Palaeozoic detritus were quickly buried under a
sedimentary cover. As a result, the detritus that filled the basin that
the Schistose Domain represents would have come mostly from
inner parts of the continent. Conversely, the most distal part of the
margin (e.g. basal units of the allochthonous complexes) would
have been fed by synchronous tectonomagmatic arc activity.

The detrital zircon age spectra of the Schistose Domain and those
of the basaluniw of the allochthonous complexes are strikingly simi-
lar (Fig. 5). Despite the Cambrian input of the youngest series of the

clearly different crystallizatien ages (Ma) are included.

basal units, the main populations and their respective percentages
indicate that the palaeogeographical realms they represent were
located next to the same continental exposures. These sources resem-
ble those of the autochthonous sequences (Fernandez-Suirez et al.
2000, 2002; Gutiérrez-Alonso et al. 2003; Martinez Catalan ef al.
2004), so the two lower terranes of the allochthonous pile of NW
Iberia would have shared a comparable palaeogeographical position
during the Early Palaeozoic. As a consequence, none of the terranes
located under the ophiolitic units should be considered as exotic.
The Neoproterozoic, Palaeoproterozoic and Archaean ages of
the Schistose Domain indicate a West African Craton provenance
(Nance & Murphy 1994). However, the middle and early
Neoproterozoic signature (750-950Ma; Cryogenian and Tonian),
which is absent in this craton (Ennih & Liégeois 2008), has been
recently proposed as a distinctive sediment provenance tracer for a
mobile belt at its eastern boundary (Diez Fernandez et al. 2010),
theso-calledHoggarmegasuture(Caby2003). The Mesoproterozoic
input present in the sequences of NW Iberia also occurs in this
major tectonic zone (Stern et al. 1994; Henry et al. 2009), and both
middle and early Neoproterozoic (Cryogenian and Tonian) and late
Mesoproterozoic (Stenian) ages spanning 750—1200 Ma exist in the
Cambrian sedimentary cover of Morocco, north of the West African
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Fig. 7. Cathodolurninescence images of zircon grains showing core-rim internal structure, with indication of respective LA-ICP-MS U-Pb ages (black,
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Craten (Avigad er al. 2012). @n the ether hand, the centinental ter-
ranes ferming part ef the Variscan pile shew a censistent decrease
in their centent of 750—1200 Ma zircens upward, frem up te 38% in
the autechthen te 14% in the Schistese Demain, 7% in the basal
units, and 0% in the uppermest allechthen (Fernandez-Suarez ez al.
2002, 2003; Martinez Catalan er al. 2004; Diaz Garcia et al. 2010;
Diez Femandez ez al. 2010). Fer this lecatien aleng the nerthern
margin of Gendwana, such a trend may indicate relative preximity
te the Heggar suture, with the NW Iberian terranes richer in 750—
1200 Ma zircens having a mere castern derivatien (Fig. 8). This
palacegeegraphical medel is in agreement with recent data en
medel ages frem whele-reck Nd (en meta-igneeus Lewer
@rdevician recks, Bea ef a/. 2010) and zircen Hf isetepes (granu-
litic recks frem central Spain, Villaseca et al. 2011), reinfercing a
central African pesitien ef the innermest series of the autechthe-
neus sequences ef the Iberian Massif (the Central Iberian Zene)
during late Neepreterezeic and Early Palacezeic times.

Fer the uppermest allechthen ef NW Iberia, the detrital seurces
suggest a different, yet Gendwanan prevenance (Fig. 8), as peinted

eut by Fernandez-Suarez er al. (2003). Its eriginal pesitien weuld
have been te the west (present-day ceerdinates) ef that ef the basal
units and the parautechtheneus Schistese Demain, in frent ef the
West African Craten.

The cere and rim analyses alse suppert the prepesed palacepesi-
tien of the Schistese Demain. Fer instance, the sequence ef events
recerded in seme grains (Tenian ceres and Cryegenian—Ediacaran
rims) matches fairly well the tectenemagmatic evelutien ef seme
terranes invelved in the Heggar megasuture (e.g. the Iskel terrane;
Caby 2003; Liégceis er al. 2003). Either the centinuatien ef
these terranes te the nerth, er rewerked material ceming frem their
dismantlement in the Gendwana interier, may have supplied
rewerked carly Neepreterezeic zircens te the Gendwana periphery.
Mercever, seme grains suggest that Stenian recks ceuld have been
invelved in active zenes at 750-900 Ma. There is ne clear Stenian
activity reperted in the cerc of Gendwana se far, particularly in
central and West Africa. Hewever, its fingerprint (and even that ef
pessible Ectasian and Calymmian events) can be vaguely fellewed
in seme ephielitic units lecated in the peri-Gendwanan realms
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Fig. 8. Simplified palacegeegraphy e¢f Gendwana and related majer
peri-Gendwanan terranes at 570—500 Ma (medified frem Nance ef a/.
2002, Linnemann ef a/. 2007, and Cerdani ef a/. 2009) shewing the
palacepesitien of the Schistese Demain, the basal allechtheneus units,
and the uppermest terrane of the allechtheneus cemplexes of NW
Iberia (after Diez Fernandez ef /. 2010). Numbers in the cratenic areas
summarize their main age spectra fer prevenance censtraints. The sites
within the Gendwana interier centaining Mesepreterezeic grains (stars)
sheuld be neted.

(Sanchez Martinez ez al. 2011), in many terranes representing the
margin of Gondwana, such as the NW Iberian terranes described in
this paper (e.g. Murphy et a/. 2008), and in the Cambrian sedimen-
tary cover of Morocco (Avigad ef af. 2012), the Tuareg Shield
(Henry et al. 2009; Linnemann et a/. 2011), and the Gulf of Guinea
(Voltaian basin; Kalsbeek et a/. 2008), where the Stenian event can
be tentatively connected to the Mesoproterozoic Amazonian geo-
dynamics through the Trans-Brasiliano megasuture (e.g. Cordani
et al. 2009). These data provide evidence of a scarce, fragmentary
Mesoproterozoic evolution along the intra- and peri-Gondwanan
borders of the African cratons that was strongly overprinted by the
Pan-African cycle.

Conclusions

The analysed series of the lower allochthon of NW Iberia have a
latest Neoproterozoic maximum depositional age (c. 560 Ma) and
were deposited at the northern boundary of the West African
Craton, probably in front of, or just west of the northem prolonga-
tion of the Hoggar megasuture. The allochthonous terranes
involved in the Variscan collision and located in the footwall of the
suture zone (ophiolitic units) in NW Iberia should not be con-
sidered as exotic relative to the autochthonous sedimentary
sequences deposited along the Gondwana margin, although they

have undergone important thrust displacements. Some of the
Mesoproterozoic detrital zircons are considered to have been derived
from the African interior, and should be taken into account for pal-
aeogeographical reconstructions of the Gondwanan periphery.

@ur study not only provides several azoic series of northern
Gondwana with new age constraints, but also contributes to a better
understanding of Variscan tectonics by documenting a drop in
Early Neoproterozoic and Mesoproterozoic zircon content toware
the upper parts of the Variscan nappes. This relationship may help
to ascertain the relative palaeoposition of other far-travelled ter-
ranes exposed in Europe, as well as to unravel exotic elements
across the Gondwanan platform.
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is a centributien te IGCP 497. B. Murphy and C. Villaseca are gratefully
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M. Whiteheuse for the editerial werk.
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