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Abstract The Spanish Central System (SCS) bathelith,
lecated in the Central Iberian Zene, is ene ef the largest
masses of granite in the Eurepean Variscan Belt. This
bathelith is a cempesite unit ef late- and pest-kinematic
graniteids deminated by S- and I-type series granite, with
suberdinate leucegranite and granedierite. Zircen trace
element centents, frem twe representative S-type and three
I-type graniteids frem the eastern pertien ef the SCS
bathelith, indicate a heteregenceus cempesitien duec te
magma differentiatien and ce-crystallisatien ef ether trace
element-rich accessery phases. In situ, U-Pb dating ef
these zircens by SHRIMP and LA-ICP-MS shews
479-462-Ma inherited zircen ages in the I-type intrusiens,
indicating the invelvement of an @rdevician metaigneeus
pretelith, while the S-type intrusiens exclusively centain
Cademian and elder zircen ages. The zircen crystallisatien
ages shew that these granites have been emplaced at ca.
300 Ma with a time span between 303 + 3 Ma and
298 + 3 Ma. Precise dating by CA-ID-TIMS reveals a
pulse at 305.7 + 0.4 Ma and cenfirms the majer pulse at
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300.7 = 0.6 Ma. These ages match the Perme-Carbenif-
ereus age fer granulite-facies metamerphism ef the lewer
crust under the SCS bathelith and ceincide with a wide-
spread granitic event threugheut the Seuthern Variscides.
Ti-in zircen thermemewy indicates temperatures between
844 and 784°C fer beth the S- and I-type granites, rein-
fercing the hypethesis that these granites are derived frem
deep crustal seurces.

Keywords U-Pb zircen dating - Peralumineus granites -
Spanish Central System - Eurepean Variscan Belt

Introduction

Widespread granite magmatism is a cemmen phenemenen
in many centinental cellisien zenes. It usually eccurs
during late-eregenic crustal thinning and strengly ever-
prints the previeus metamerphic histery. In this sense,
precise dating ef granites in this geedynamic setting can
help te censtrain the evelutien ef the centinental crust
during eregenesis.

The Iberian Massif is part ef the Eurepean Variscan
Belt. This cellisienal belt resulted frem the eblique celli-
sien of Gendwana and Baltica—Laurentia during the Early
Devenian te Mid-Carbenifereus (e.g. Matte 1986, 2001).
The Central Iberian Zene (CIZ; Julivert et al. 1972) rep-
resents the inmermest regien ef the Iberian Massif. This
zene is characterised by large velumes eof granitic intru-
siens eutcrepping trem central Spain te the NW ef the
Iberian Peninsula (Fig. 1). Initial attempts te date the
Variscan plutenism in the CIZ by Rb-Sr and K-Ar tech-
niques previded a wide age range frem 360 te 280 Ma (e.g.
Serrane Pinte et al. 1987; Villaseca et al. 1995). Recent
precise U-Pb studies have censtrained the age range te a



narrew span between 325 and 280 Ma (U-Pb zircen dating
via TIMS er SHRIMP; e.g. Dias et al. 1998; Fernandez-
Sudrez et al. 2000; Valle Aguade ct al. 2005; Zeck et al.
2007b; Sela et al. 2009; Diaz-Alvarade et al. 2011). This
time range ceincides with ether parts ef the Variscan belt
(e.g. Finger et al. 1997; Ledm et al. 2001; Ballevre et al.
2009). In the CIZ, the plutenic events are late- and pest-
kinematic (Ferreira et al. 1987). The Spanish Central
System bathelith (SCS bathelith; Villaseca and Herreres,
2000) has a dimensien of 250 km x 90 km, which makes
it ene of the largest late-/pest-Variscan bathelith in the
entire Variscan belt.

This study has been fecused en the eastern secter ef
the SCS bathelith. We have sampled five representative
granites ranging frem I- te S-type peralumineus granites
(Villaseca et al. 1998). In erder te censtrain the age ef
emplacement and the inherited zircens, we have used a
cembinatien ef U-Pb CA-ID-TIMS, SHRIMP and LA-
ICP-MS geechrenelegy. The in situ dating techniques have
the advantage eof the fast data acquisitien with the high
spatial reselutien, essential te unravel the inherited zircen
cempenent. The CA-ID-TIMS, en the ether hand, allews te
discriminate emplacement ages within a time span ef
S Ma, which etherwise weuld challenge the limits ef pre-
cisien and accuracy ef the in situ techniques (see Black
et al. 2004). The trace element cempesitien ef zircen
analysed by LA-ICP-MS prevides additienal infermatien
en the magmatic evelutien (e.g. Claiberne et al. 2006;
Gagnevin et al. 2010). We have alse used the Ti-in zircen
thermemeter te relate zircen crystallisatien with magma
temperatare (Ferry and Watsen 2007), and in this manner
censtrain the granite genesis. @ur data censtitute the first
precise geechrenelegy results en the magmatism in the
eastern secter and add impertant infermatien te censtrain
the age eof emplacement ef the SCS bathelith and the
crustal seurces invelved.

Geological and geochronological background

The Spanish Central System bathelith is cempesed of mere
than 100 intusive units that cenfigure ene ef the largest
expesures of granitic intrusiens in the Eurepean Variscan
Belt (Bea et al. 1999; Villaseca and Herreres 2000). These
felsic magmas were emplaced inte an Upper Neepretere-
zeic te Lewer Palacezeic sequence eof metasedimentary
and metaigneeus recks. Accerding te their medal cempe-
sitien, these plutens can be classified mainly as granite
sensu swicte, with miner prepertiens ef leucegranites and
granedierites (e.g. Villaseca et al. 1998). Almest, all of
them are peralumineus and display silica centents chiefly
frem 67 te 76 wt% (Villaseca and Herreres 2000). Varia-
tiens in their mineralegy and degree of Al saturatien have

led te subdivisien in several series: (1) S-type peralumi-
neus cerdierite-bearing graniteids, (2) I-type metalumineus
amphibele-bearing graniteids and (3) transitienal bietite
graniteids ef intermediate peralumineus affinity (Villaseca
and Herreres 2000). The geechemical data de net display
streng differences, but allew the distinctien ef crystal
fractienatien trends that rarely cennect I-type granites with
mere differentiated S-type leucegranites (Villaseca et al.
1998). The relatively similar cempesitien between SCS S-
and I-type granites, beth in majer elements and isetepic
raties (Villaseca et al. 1998), likely reflects the stability ef
the melting cenditiens during granite genesis and the par-
ticipatien ef similar seurce cempenents (Villaseca and
Herreres 2000). Nevertheless, varieus hypetheses regarding
the erigin ef the SCS granitic bathelith have been suggested:
(a) hybridisatien ef crustal melts and mantle-derived mag-
mas (Pinarelli and Rettara 199S; Merene-Ventas et al.
1995); (b) crustal assimilatien by mantle-derived magmas
(Ugides and Recie 1993; Caswe et al. 1999); and (c) partial
melting of essentially crustal seurces, either frem lewer
crustal derivatien (Villaseca et al. 1998, 1999) er frem mid-
crustal levels (Bea et al. 1999, 2003).

These granitic bedies intrude inte the metamerphic
cemplexes of the Spanish Central System and lecally inte
lew-grade recks. These metamerphic cemplexes censtitute
a high-grade infraswructure separated by majer shear zenes
frem a lew-grade suprastructure (see Macaya et al. 1991).
Maest of the graniteids frem the SCS bathelith intrude after
the main phases of ductile defermatien in the infraswructure
(D2-D3 defermatien of Macaya et al. 1991), which are
ceeval with migmatisatien, and lew-pressure/high-tem-
perature M2 metamerphism, after an initial M1 Barrevian
metamerphic event (Macaya et al. 1991; Escuder-Viruete
et al. 1998). Peak metamerphism is censtrained at areund
340-330 Ma (U-Pb mnz; Valverde-Vaquere 1998; Escu-
der-Viruete et al. 1998; U-Pb zrn SHRIMP, Castifieiras
et al. 2008), and the lew-pressure/high-temperature meta-
merphism is censtrained at 322-320 Ma (U-Pb mnz, xnt,
ttn; Valverde-Vaquere 1998). The high-grade gneisses
have previded Ar—Ar muscevite and K—Ar bietite ages of
314-310 Ma (Bischeff et al. 1978; Valverde-Vaquere et al.
2007), which reflect ceeling belew 350°C. The fact that
these granites have intruded in shallew level, epizenal
cenditiens (<2 Kb; e.g. Villaseca and Herreres 2000), and
preduced centact metamerphism in the high-grade gneis-
ses, indicates that the ceuntry reck in the eastern secter of
the SCS bathelith was already celd at the time of intrusien.
This inwusive event is late-/pest-kinematic with respect te
the lecal D4 phase of defermatien, which is equivalent te
the regienal D3 phase ef upright felding in the CIZ.

Many attempts have been made in erder te determine
the crystallisatien ages of the SCS felsic magmas (Casillas
et al. 1991; Merene-Ventas et al. 199S; Pinarelli and



Fig. 1 a Sketch map of the
Spanish Central System
indicaiing available precise ages
of granites from its western
sector (I Zeck et al. 2007b, 2
Piaz-Alvarado et al. 2011).

b Betail of the SCS eastern
sector showing the main
granitoid intrusions. Stars
indicate the sampling location
of the five plutons considered in
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Retura 1995; Villaseca et al. 1995; Bea et al. 1999). These
studies were based en whele-reck Rb—Sr isechren and K—Ar
in bietite analytical techniques, suggesting an extensive
time peried of 8@ Ma fer granite intrusien (360-280 Ma;
see Bea et al. 1999, Villaseca and Herreres 2000 and ref-
erences therein). In the western secter of the SCS bathelith,
recent U-Pb SHRIMP analyses en zircens yield ages in the
303-308 Ma range (Zeck et al. 2007b; Diaz-Alvarade et al.
2011). The data in the eastern end eof the SCS bathelith are
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limited te La Cabrera granite, which has been dated by
Pb—Pb evaperatien in zircen (301 Ma; Casquet et al. 2003)
and U-Pb ID-TIMS in menazite (293 + 2 Ma; Valverde-
Vaquere 1998).

The scarce (~1%) ceeval basic te intermediate magmas
which accempany the granite intrusiens are represented by
small gabbreic te quartzdieritic plutens (@rejana et al.
2009; Scarrew ct al. 2009). Single-zircen dating by TIMS
yielded intrusien ages in the range 312-305 Ma fer these



mafic bedies (Mentere et al. 2004), but recent ien micre-
prebe U-Pb zircen studies censtrain the range te
307-300 Ma (Bea et al. 20006; Zeck et al. 2007b; Villaseca
et al. 2011). The rest of igneeus recks crepping eut in this
regien are restricted te pest-eregenic dyke swarms eof
variable geechemical character (calc-alkaline, sheshenitic,
alkaline and theleiitic), which illustrates the transitien te a
rifting geedynamic setting frem Upper Permian te Jurassic
(Villaseca et al. 2004; @rejana et al. 2008). The intrusien of
calc-alkaline perphyry dykes is peerly censtrained areund
290 Ma (Rb—Sr whele-reck isechren; Galinde et al. 1994),
but data with higher accuracy cenfine the alkaline mag-
matism frem 264 (Ar—Ar in amphibele; Scarrew et al.
2000) te 252 Ma (U-Pb in zircen; Fernandez-Sudrez et al.
2006), and the Messejana-Plasencia theleiitic dyke te
203 Ma (Ar-Ar in bietite; Dunn et al. 1998).

Field relations and petrography
S-type intrusiens (Alpedrete and Heye de Pinares)

These plutens eutcrep aleng areas near 350 km?® (Alpedr-
ete) and 130 km” (Heye de Pinares) (Fig. 1) and shew an
irregular merphelegy due te emplacement of neighbeuring
yeunger granitic intrusiens and tectenic centacts with the
metamerphic wall-recks. The develepment ef centact
aureeles is indicative ef an epizenal emplacement level.
They are mainly peralumineus medium-grained equigran-
ular cerdierite-bearing bietite granites and granedierites.
Leucegranites, which are alse present in lewer prepertiens,
are generally interpreted as highly fractienated magmas
derived frem a menzegranitic parental melt (Villaseca
et al. 1998 and references there in). Perphyritic textures
with K-feldspar phenecrysts up te 4 cm leng can be feund
lecally. Reunded eor eclengated mafic micregranular
enclaves (bietite-rich quartz-dierites te tenalites) are
abundant and may appear dispersed er cencentrated in
bands, shewing fine grain texture and size up te 50 cm. It is
alse pessible te find schlieren structures, micaceeus
enclaves and metamerphic xeneliths. Plagieclase is usually
idiemerphic and displays nermal zening; it can be altered
te secendary muscevite, epidete and clinezeisite. K-felspar
is alse idiemerphic and, similarly te plagieclase, shews
bietite and quartz inclusiens. Bietite is an early crystallis-
ing mineral, being semetimes altered te chlerite and dis-
playing a sagenitic texture, whereas muscevite is secendary
and substitutes cerdierite and feldspar. Cerdierite appears as
interstitial crystals highly wansfermed te pinnite. Its texture
and cempesitien suggest a magmatic erigin (Villaseca and
Barbere 1994). Typical accessery phases are apatite, zircen,
menazite, xenetime, ilmenite and rare andalusite in aple-
pegmatitic varieties.

I-type intrusiens (Villacastin, Navas del Marqués
and Atalaya Real)

Villacastin and Navas del Marqués plutens are large, rel-
atively irregular intrusiens eutcrepping aleng 150 and
300 km?, respectively (Fig. 1). They intrude in lew-grade
metamerphic recks, inducing centact aureeles in the wall-
recks. The Villacastin granite seals the centact between the
high-grade migmatitic gneisses and the lew-grade recks of
the suprastructure (Macaya et al. 1991). The Atalaya Real
pluten is a small reunded bedy within the Alpedrete granite
(Fig. 1), and the centacts are net expesed se the relatien-
ship with the surreunding granite is uncertain. These I-type
intrusiens are mainly metalumineus te weakly peralumi-
neus amphibele-bearing bietite granites and granedierites,
with miner leucegranitic facies. Similarly te S-type intru-
siens, mafic micregranular enclaves can be feund in these
I-type graniteids. Plagieclase shews escillatery zening and,
tegether with bietite, is the main majer early crystallizing
mineral. K-feldspar is nermally interstitial and may pei-
kilitically include plagieclase, quartz and bietite. Amphi-
bele is a green Mg-hernblende. Bietite is a geed
discriminant fer SCS I-type granites as it plets in subalu-
mineus fields belew mere Al-rich S-type bietites (Fig. 2 of
Villaseca et al. 2009). Lecalised banding has been
ebserved in Villacastin, whereas bietitic schlieren and
metamerphic xeneliths near the centact are commen in the
three plutens. Flew textures appear in the mest perphyritic
facies. @ccasienally, clinepyrexene (augite/diepside) is
present as a residual mineral included in plagieclase er
enclesed by amphibele. Apart frem apatite, zircen, mena-
zite, xenetime and ilmenite, ether impertant accessery
phases in these recks are allanite, titanite and magnetite.
Field relatiens ameng the five studied intrusiens are net
straightferward. Nevertheless, accerding te its merphelegy
and lecatien, Atalaya Real seems te have intruded after
Alpedrete pluten (Fig. 1). But beth these granites are net in
centact with the ether three plutenic intrusiens. Seme
defermatien structures asseciated with the Variscan D4
defermatien phase have been identified within the Heye de
Pinares granite (Bellide et al. 1990), but they are rare in the
Navas del Marqués and Villacastin granites. Accerdingly,
the Heye de Pinares granite was likely intruded by the
Navas del Marqués pluten, whilst ne clear relatien exists
between this latter intrusien and the Villacastin granite.

Sample preparation and analytical procedures

After standard separatien techniques, a representative
selectien of zircens frem each sample was handpicked and
cast in epexy resin fer micreanalytical analysis, tegether
with seme chips ef reference zircens TEM@ORA 1 and



Fig. 2 CL images of
representative zircon grains
from the SCS granite inwusions
with the analysed spots and
concordia ages
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SL13. The meunt was greund dewn te expese the zircen
central pertiens and imaged with transmitted and reflected
light en a petregraphic micrescepe, and with cathedelu-
minescence en a HITACHI S2250-N scanning electren
micrescepe (heused at ANU-Canberra) te identify internal
structure, inclusiens, fractures and physical defects.

Selected areas in the grains were analysed fer U, Th and
Pb isetepes en the Sensitive High Reselutien Ien Micre-
prebe (SHRIVP K) at the Research Scheel ef Earth Sci-
ences (Australian Natienal University) with each analysis
censisting of 6 scans threugh the relevant mass range. A
10-kV negative @, primary beam was fecused te ~20 pum
diameter. Pesitive secendary iens were extracted frem the
target spet of 0.5-1 pum deep at 10 kV and mass analysed
at c. R5000 en a single ETP multiplier by peak stepping
threugh the isetepes ef interest. @ne TEM@RA zircen
standard was analysed fer every three unknewn analyses.
Data were reduced fellewing Williams (1998) and refer-
ences therein, using the SQUID Excel Macre of Ludwig
(2001), and Pb/U raties were nermalised relative te a value
of 0.06683 for the ***Pb/>*"U ratie ef the TEM@RA ref-
erence zircen, equivalent te an age of 417 Ma (Black et al.
2003). Cencentratien data are nermalised against zircen
standard SL13 (210 ppm U, Black et al. 2004). Uncer-
tainties given fer individual analyses (raties and ages) are
at the 1o level, hewever, uncertainties in the calculated
cencerdia ages are reperted as 95% cenfidence limits.
Cencerdia plets were carried eut using Iseplet 3.0 seft-
ware (Ludwig 2003). Ages yeunger than 1,000 Ma are
204 -cerrected 2“’Pb/Z“U, whereas enc elder age is
204-cerrected >*’Pb/**Pb.

Alpedrete sample was alse selected fer new U-Pb age
determinatiens perfermed en laser ablatien ICP-MS at the
GEM@C in the Macquarie University of Sydney. Analyses
were carried eut in situ using a New Wave 213 laser
ablatien micreprebe, attached te a Agilent 7500 quadrupele
ICP-MS. The laser system delivers a beam of 213-nm UV
light frem a frequency-quintupled Nd: YAG laser. Analy-
ses were carried eut with a beam diameter of 30 um, a
S Hz repetitien rate and energies of 60-100 ml]/pulse.
Typical ablatien times are 100-12@ s, resulting in pits
30-40 pum deep. The time-reselved signals were precessed
using the GLITTER interactive seftware te select the
pertiens ef the grains that had suffered least lead less er
gain of cemmen Pb and were thus clesest te being cen-
cerdant. The standards used in this werk are the GEM@C-
GJ-1 with an age of 6085 Ma, the Mud Tank zircen
(734 + 32 Ma; Black and Gulsen 1978) and 91500 zircen
(1,064 Ma; Wiedenbeck et al. 1995). Their measured mean
values are within 2¢ ef the recemmended values. @ther
analytical metheds fellew Jacksen et al. (2004).

Several zircen fractiens frem Villacastin and Atalaya
Real samples were selected fer ID-TIMS and pre-treated
with the chemical abrasien (CA) methed ef Mattinsen
(2005). We have selected this analytical methed (which has
higher accuracy than micreanalytical techniques) with the
aim ef cemparing the results with SHRINMIP data, and get a
mere censtrained age. Significant discrepancies between
micre-analytical and ID-TIMS U-Pb data in Variscan
granites have already been described (Teixeira et al. 2011).
Zircen annealing was carried at 900°C fer 48 h, and the
chemical attack was dene in Parrish-type minibembs inside



Parr bembs at 180°C fer 12 h. Final zircen disselutien was
achieved after placing the bemb at 240°C fer 72 h. The
precedure fer exwactien and purificatien ef Pb and U is a
scale-dewn versien ef that of Kregh (1973). A 2**Pb—23U
spike was used te ebtain the U/Pb raties by isetepe dilutien
(ID) (Valverde-Vaquere et al. 2000). Fer test centrel, the
91500 (Wiedenbeck et al. 1995) and R33 zircen standards
(Black et al. 2004) were dated with cencerdia ages ef
1,065 £ 2.3 Ma and 419.7 + 1.9 Ma, respectively. Isete-
pic raties were measured with a Triten TIMS multi-cel-
lecter mass specwemeter equipped with an axial secendary
electren multiplier (SEM) ien ceunter. The instrument is
set up te de measurements beth in static and peak-jumping
mede using the SEM. Fer static measurements, the 24py,
was measured with the calibrated SEM (92-93%
Yield calibratien). The Pb measurements were dene in
the 1,300-1,460°C range, and U was measured in the
1,420-1,500°C interval. Data reductien was dene using the
PbMacDat spreadsheet (Isachsen et al. http://www.earth-
time.erg) and checked with PBDAT (Ludwig 1991). All
isetepic raties are cerrected fer mass fractienatien, blank
and initial cemmen Pb after the medel of Stacey and
Kramers (1975). Ages and uncertainties were calculated
with the decay censtants ef Jaffey et al. (1971) and are
reperted at the 20 level; “cencerdia ages” were calculated
with Iseplet 3.0 (Ludwig 2003).

Zircen trace element centent was analysed using a New
Wave 266 laser ablatien micreprebe ceupled te the Agilent
7500 ICPMS system at the GEM@C. Analyses were carried
with a 266-nm beam with a pulse rate of S Hz and energy
of 1 ml/pulse, preducing a spatial reselutien of 30—50 pm.
The NIST-610 glass was used as the external calibratien
standard. The precisien and accuracy ef the NIST-610
analyses are 2-5% fer REE, Y, Nb, Hf, Ta, Th and U at the
ppm cencentratien level, and frem & te 10% fer Mn, P, Ti
and Pb. @ther analytical descriptien has been given by
Beleuseva et al. (2006).

Zircon description

Size, external merphelegy and inner texture ef zircens
frem distinct S- and I-type granites have been studied by
transmitted and reflected micrescepy and CL imaging. A
tetal number of 93, 84, 99, 65 and 120 grains have been
censidered, respectively, in the fellewing samples: Heye
de Pinares (M21), Alpedrete (Y76), Villacastin (Y24),
Atalaya Real (Y78) and Navas del Marqués (M9). CL
internal structure frem representative grains is shewn in
Fig. 2. When viewed in transmitted light, zircens frem all
samples are similar in the usual presence ef breken crys-
tals, their euhedral te subhedral ferm, celeurless te pale
pink hue and abundant cracks and inclusiens. They exhibit

distinct primary merphelegies: mainly elengated bipyra-
midal prisms with aspect raties up te 1:8, but stubby prisms
predeminate in Villacastin (Y24) and Navas del Marqués
(M9), and equant grains can be feund in Atalaya Real
(Y78). They shew variable size, nermally ranging frem
20100 te 450-500 ;um, theugh in sample M9 and M21,
they de net exceed 250 and 300 pum, respectively. A
cemmen feature of zircens frem all samples is the presence
of irregular ceres separated frem rims displaying CL
zenatien patterns by reserbtien surfaces (thin bright bands)
(e.g. Fig. 2c, grain 7; Fig. 2e, grain 18). This texture
appears asseciated with pre-Variscan and Variscan ceres.

Sample M21 (Heye de Pinares)

CL textures are deminated by fine euhedral escillatery
zening, with a pregressively darker respense tewards
crystal rims (Fig. 2a). Nearly, 40% eof the meunted grains
present seme kind eof inner cere, theugh half ef these are
hemegeneeus and cencerdant, and appear te be an integral
part of the escillatery-zened rim. The rest are irregular and
display variable zening patterns (escillatery, cenveluted,
secter zening) truncated by the zircen rim. These inner
areas semetimes exhibit widening ef the zening bands and
bright CL respense.

Sample Y76 (Alpedrete)

CL internal structure is deminated by escillatery rims and
mantles, but darker euter rims are alse cemmen. Less than
30% ef the grains have inner irregular ceres. These are
characterised by hemegeneeus dark CL respense, wide
bright bands er lecal recrystallisatien. A few almest equant
grains with a dark thin rim and hemegeneeus er secter-
zened cere can alse be feund (Fig. 2b).

Sample Y24 (Villacastin)

Accerding te CL imaging, elengated and stubby grains are
characterised by escillatery zening. Independent ef their
habit, zircens may present texturally discerdant ceres with
variable internal structures: escillatery zening, cenveluted
zening and bright CL respense (Fig. 2c).

Sample Y78 (Atalaya Real)

CL imaging reveals deminant escillatery zening in rims er
the whele crystal (Fig. 2d). Widening eof middle bright
bands can eccasienally appear. Zircen ceres are usually
hemegenceus and cencerdant with the euter escillatery
zening. Discerdant cerreded ceres are rare and character-
ised by cenveluted zening er dark hemegeneeus CL
respense.



Sample M9 (Navas del Marqués)

Fine escillatery zening is the deminant internal structure.
The mest elengated prisms rarely shew inherited ceres, but
these are cemmen in the stubby zircens. Ceres might be
divided between (1) texturally cencerdant inner areas with
bright CL respense, widened escillatery bands er cenveluted
zening (Fig. 2e; e.g. grains 1, 18) and (2) irregular grains
discerdant with respect te the euter rim (Fig. 2e; e.g. grains
3, 15). The latter are semetimes iselated frem the external
zircen by a thin bright irregular band, and their internal
structare is usually characterised by a dark respense, either
hemegeneeus er displaying cenveluted er secter zening.

Analytical results
Trace element cempesitien

Table 1 reperts selected zircen wace element analyses
ebtained by Laser Ablatien ICP-MS frem pre-Variscan
inherited demains and Variscan zircens. A variety of CL
textures have been chesen fer analysis, which in mest cases
cerrespend with escillatery-zened rims er hemegenceus
and idiemerphic Variscan ceres. All analyses (including
inheritances) display large chemical variatiens ranging up
te rather high cencenwatiens: Hf (8,950-17,870 ppm), Y
(760-5,000 ppm), U (92-3,500 ppm), Th (58-1,812 ppm),
HREE (590-3,360 ppm), Nb (1-39ppm) and Ta
(0.32-12 ppm) (Table 1). Ti centents are relatively lew,
ranging mainly frem 3.6 te 24.2 ppm.

Chrendrite-nermalised REE patterns are alse similar in
all cases (S- and I-types), with much higher HREE centents
with respect te LREE and typical negative Eu anemaly and
pesitive Ce anemaly (Fig. 3a, b). Extreme LREE enrich-
ment in 3 spets (Y24-02, Y24-09, M9-11) can be censid-
ered as anemaleus values when cempared with standard
magmatic zircens (Heskin and Schaltegger 2003). An
evident similarity in cempesitien exists between all Vari-
scan zircens and elder inherited ceres, with the latter
shewing higher Nb and Ta values (Fig. 3d).

A pesitive cerrelatien between Hf er U (beth used in the
figures as differentiatien index) and Nb (Ta) (Fig. 3c), but
negative with respect te Zr/Hf ratie (which ranges frem 32
te S8) (Fig. 4), can be feund fer all Variscan zircens. @n
the ether hand, the rest of trace elements behave differ-
entially depending en the intrusien censidered (Fig. 4).
Navas del Marqués (M9) zircen is generally enriched in all
elements tewards higher Hf. Villacastin (Y24) and Atalaya
Real (Y78) zircens shew pesitive cerrclatien fer P, Y and
HREE, whereas these frem Alpedrete (Y76) and Heye de
Pinares (M21) de net display a pesitive cerrelatien neither
for these latter elements ner fer the LREE.

U-Th-Pb zircen geechrenelegy

Ninety-feur crystals were analysed by SHRIMP (19, 19,
22, 14 and 2@ grains frem samples M21, Y76, Y24, Y78
and M9, respectively), 21 of them in several places. In
additien, 12 zircen ceres frem the Alpedrete (Y76) intru-
sien were analysed by Laser Ablatien ICP-MS, resulting in
a tetal of 127 in situ analyses (Table 2). CA-ID-TIMS was
dene in zircens frem the Villacastin (Y24) and Atalaya
Real (Y78) granites (Table 3). The data are pletted in
Wetherill cencerdia diagrams with all errer ellipses at 2o
(Figs. S, 6, 7). Figure 2 shews representative CL images of
crystals featuring lecatien ef the analysis craters and
resulting ages. The in situ analyses yielded 23%/2%py ages
with relatively wide ranges. Hewever, ceherent cencerdia
ages at 2¢ cenfidence level have been calculated with
Iseplet seftware using a selectien of data (see “Discus-
sien” fer further details en the criteria ef selectien).

U and Th centents described bellew for all samples have
been taken frem the SHRIMP database, which is larger
than the LA-ICP-MS data. Theugh seme differences exist
between beth greups ef analyses, Th/U raties are generally
similar irrespective of the technique censidered. There is a
chiefly centinueus variatien in U (74-2,037 ppm) and Th
(25-1,067 ppm) centents. But much higher values
(U = 2,000-6,000 ppm) can be feund in a few analyses
(Table 2). Th/U raties are alse fairly variable, ranging
principally frem 0.07 te 0.9.

Hoyo de Pinares granite

Twenty analyses frem sample M21 previded Variscan
ages, cerrespending te escillatery-zened rims and inner
ceres with variable CL structure (leaving aside inheri-
tances). Feur partially cerreded zircen ceres revealed
cencerdant er slightly discerdant 2>*U/**Pb pre-Variscan
ages (mainly Upper Preterezeic): 828 + 9 Ma (7.2),
638 £ 9 Ma (10.1), 619 = & Ma (13.1) and 369 = 6 Ma
(18.1). The three first inheritances have variable CL
respense (bright te pale bands), whereas the latter displays
cenveluted zening and is characterised by high cemmen
2°Ph centents.

The Variscan ages display errer ellipses (20) everlaping
the cencerdia curve te a greater er lesser extent (Fig. Sa).
Hewever, twe analyses shewing the highest degrees of
discerdance have net been censidered fer averaged age
calculatiens (spets 6.1 and 17.1). @ther data have alse been
rejected due te high U cencentratiens (analysis 1.1:
4,141 ppm) er cemmen 205pp, (spet 16.1). The remaining
16 analyses yield 23%/2%6py ages in the range
306-281 Ma, with a narrewer selectien previding a cen-
cerdia age of 299.1 + 1.8 Ma (MSWD = 0.99; n = 14)
(Fig. Sb).



Table 1 Representative trace element composition (ppm) of zircon from SCS granitic intrusions deterinined by laser ablation ICP-MS

S-type granites

Sample Hoyo de Pinares (M21) Alpedrete (Y76)

# analysis and description® 21V 31V 42V 6.1V 13 PO-I 1.2V 41V L3v v 17.1 r@-1
1 4 276 481 706 379 684 909 732 306 178 758
Ti 14.0 11.9 14.8 19.0 8.4 16.0 14.6 6.63 587 12.1
Y 814 2,021 2,221 1,104 2,041 3,483 3,780 3,652 2,014 2,902
Nb 191 293 3.07 116 3.18 2.0 4.56 2.07 1.81 3.19
Ta 0.87 0.63 0.80 0.39 3.03 0.90 2.41 0.49 0.51 1.04
Hf 14,450 10,958 13,106 11,570 13,221 17,864 13,178 10,388 11,577 16,842
Pb 0.76 4.33 6.04 3.13 222 1.66 270 6.02 3.84 383
Th 37.6 177 243 163 533 126 827 375 277 106
u 456 340 516 213 649 243 944 332 346 576
La 0.44 038 0.55 037 032 0.73 1.71 0.3¢ 023 0.58
Ce 0.69 3.73 3.68 3.08 1.78 352 21.07 11.15 12.37 2.65
Pr 0.31 0.31 0.38 0.28 022 0.52 1.17 0.92 0.18 0.40
Nd 1.63 )7/ 53 2.66 1.91 1.46 5.09 10.61 10.03 5.45 3.00
Sm 297 10.13 10.38 6.08 234 13.58 15.57 17.71 13.04 4.63
Eu 0.55 1.00 0.90 0.70 0.57 1.05 1.39 2029 1.05 0.82
Gd 8.39 49.07 3857 2920 16.23 78.56 84.59 93.66 4998 3837
Tb 3.96 17.14 17.08 856 867 2854 30.80 33.43 18.54 16.36
Dy 5988 1951 205.9 115.2 150.3 3285 361.4 396.5 2232 2433
Ho 27.85 67.44 76.72 3859 68.83 117.4 134.4 1342 797572 93.39
Er 149.0 302.1 3452 166.5 357.4 4938 550.6 554.6 316.5 468.5
Tm 37.48 60.06 73.64 3531 84.00 100.¢ 110.2 107.3 64.47 107.1
Yb 3%80.1 562.7 684.7 331.0 863.3 913.4 9684 969.2 5725 1,074
Lu 77.44 105.5 12081 57.99 160.1 163.7 178.4 15%.6 9274 1953
T (°C)P 833 815 83¢ 868 779 847 837 756 744 817




Table 1 continued

I-type granites

Sample Villacastin (Y24) Atalaya Real (Y78) Navas del Marqués (M9)

# analysis and description® 1.1V 52V %1V 21 @1 20.2 r@-1 22V 31V 131V 72V 111V 151V 51 @-1 5.2 rP@®-I
| 506 863 423 426 264 348 218 291 101 385 157 631 446
Ti 3.88 12.6 15.6 242 11.7 3.64 8.85 13.6 16.2 8.51 7.59 13.4 16.7
Y 2,574 4,796 4,095 2,136 2,484 1,830 1,166 293 1,030 2,841 1,620 2,213 3,474
Nb 6.52 4.00 11.6 203 11.8 3.15 2.01 1.04 2.85 16.7 3.10 11.2 388
Ta 4.49 2.13 7.71 11.8 3.96 2.07 0.86 0.32 1.22 6.93 125 2.55 12.0
Hf 14,510 16,240 14,687 13,168 16,131 16,189 10,833 11,202 8,954 12,857 9.543 12,713 12,617
Pb 243 10.4 417 44.4 30.9 426 2.70 1.05 2.82 46.3 392 558 20.8
Th 410 468 930 366 262 205 124 589 985 1,812 377 194 415

u 1,450 635 2,716 1,808 374 378 226 929 251 3,415 616 450 1,488
La 0.68 0.1% 4230 3240 0.56 0.39 0.14 0.12 097 974 1.18 1.8¢ 3.72
Ce 9.10 13.8¢ 156.2 91.86 21.69% 544 5.91 1.61 5.41 52.28 14.11 10.78 3257
Pr 0.29 0.35 2339 13.23 0.35 0.14 0.12 0.12 0.54 5.56 1.15 1.44 2.14
Nd 2.90 5.24 145.8 74.08 2.85 122 1.41 1.87 434 30.53 323 8.57 16.34
Sm 5.21 15.96 46.24 31.01 933 4.07 425 392 5.82 20.32 10.95 10.71 12.18
Eu 0.67 0.96 475 1.95 0.87 028 047 023 0.99 3.63 1.0® 0.64 1.38
Gd 35.76 93.63 1184 69.71 46.68 26.11 24.15 19.32 17.42 73.28 36.48 35.84 75.94
Tb 16.46 3752 34.74 19.08 19.23 11.62 3.63 6.91 7.10 22.86 11.85 14.30 27.60
Dy 216.7 460.0 386.2 195.9 283.7 1551 105.5 85.01 389 282.7 155.8 192.57 3399
Ho 36.48 1733 132.8 68.16 86.96 63.58 40.44 30.93 37.17 9817 53.32 78.71 121.91
Er 406.0 721.4 587.1 301.5 369.2 302.2 182.8 136.1 161.1 413.8 2543 337.56 536.5
Tm 90.57 154.5 126.8 70.17 79.61 67.09 38.39 28.60 36.62 39.08 59.71 76.59 115.8
Yb 3895 1,445 1,193 720.2 7380 6784 3715 265.6 361.1 9121 597.8 707.91 1,064
Lu 149.6 2252 2025 126.7 124.9 112.3 61.55 4596 71.39 1353 93.64 116.07 1443
T (°CP 707 821 845 397 814 701 784 329 g4 780 769 827 852

* @-I ordovician inheritance, P@-I pre-ordovician inheritance, V variscan zircon

® Temperatures esiimated using the Ti-in-zircon geothermormeter recalibrated by Ferry and Watson (2007). Temperature uncertainty for each data is +4.5%
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Alpedrete granite

Almest all SHRIMP analyses frem sample Y76 represent
crystallisatien ages. @nly twe inherited ages have been
feund in this sample cerrespending te cerreded ceres with
faint escillatery zening surreunded by dark hemegeneeus
irregular demains, which previde cencerdant Neepretere-
zeic ages: 592 £ 7 Ma (analysis 17.1) and 581 £ 7 Ma
(analysis L7). Exceedingly high cemmen 2%5ph centents
have been feund enly in ene zircen cere (spet 19.1).

The remaining analyses cemprise a bread time span of
40 Ma with mestly cencerdant 2>5U/>**Pb ages frem 302 te
261 Ma (Fig. Sc). Th and U centents seem te cerrelate
negatively with age fer part ef the data (net shewn),
prebably suggesting seme kind of secendary deviatien ef
the calculated age. Analyses shewing this behavieur (1.2,
21, 32,42, 10.1, 11.1, 14.1 and 15.1) are seemingly
cencerdant zircen ceres with hemegeneeus bright CL
luminescence, and display lewer ages than their sur-
reunding rims. Thus, we have net censidered these latter
data in averaged age calculatiens, tegether with ether spets
with high discerdancy (16.1, 18.1 and 19.1). The resulting
12 spets range trem 288 te 302 Ma. Seven eof these anal-
yses previded a cencerdia age eof 2971 + 24 Ma
MSWD = 1.15) (Fig. Sd).

LA-ICP-MS analyses yielded 11 crystallisatien ages
(Table 2). Twe of them (L6 and LL11) are excluded due te
high cemmen Pb er degree of discerdance. The remaining
9 analyses scatter in a range very similar te that shewn by

the SHRRMP results (Fig. Se). A selectien of six analyses
previded a cencerdia age eof 301.7 £3.4 Ma
MSWD = 2.7) (Fig. 5f), which everlap within analytical
errer with that calculated using SHRIMP data.

Villacastin granite

Sample Y24 yielded 22 Perme-Carbenifereus ages frem a
tetal of 26 analyses. Feur pre-Variscan 2>*U/**°Pb ages
have been feund in three zircen grains. This pre-Variscan
cempenent is feund in cerreded ceres with escillatery
zening (semetimes partially cenveluted) er decempesed
zening, enclesed by thin dark rims (Fig. 2c; grains 16 and
20). Three of these ages are @rdevician: 479 + S Ma (2.1),
462 + 5 Ma (16.1), 464 = S Ma (20.1), and ene is Lewer
Preterezeic, 1,956 + 12 Ma (20.2), which cerrespends te
inheritance within an @rdevician cere.

Seme of the analyses ef dark zircen rims and blurred
inner demains (spets 1.1, 3.1, 6.1,7.2, 8.1, 11.1, 12.1, 14.1,
17.1, 18.1, 19.1, 21.1) shew high levels of commen “*°Pb
lead with exceedingly yeung ages (271-292 Ma). We have
excluded these analyses and ene spet with high discer-
dancy (5.2) frem averaged age calculatiens. The remaining
9 analyses, ranging frem 288 te 300 Ma (Fig. 6a), cerre-
spend mainly with rims shewing escillatery zening. The
calculated cencerdia age fer this sample yield 297.6 +
2.8 Ma (MSWD = 0.16; n = 5) (Fig. 6b).

The feur zircen fractiens analysed by CA-ID-TIMS
everlap cencerdia between 299 and 302 Ma and previde a
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cencerdia age eof 300.5 + 0.55 Ma (Fig. 7a; MSWD =
0.0065), which we censider the mest accurate estimate fer
the age ef intrusien.

Navas del Marques granite

Sample M9 previded 19 crystallisatien ages frem a variety
of zircen demains: rims with escillatery zening and vari-
able CL respense and ceres with escillatery er cenveluted
zening. Three zircen grains have pre-Variscan ages. @ne
Upper Neepreterezeic age of 564 + 6 Ma was ebtained
fer an irregular hemegeneeous dark mineral demain (5.2)
lecated within an @rdevician zircen cere (5.1) (Fig. 2e),
similarly te what was ebserved in the Villacastin granite
(sample Y24). The ether 3 pre-Variscan ages are @rdevi-
cian (Table 2; spets 3.1, 5.1 and 20.1) and have been
ebtained frem anhedral te subhedral ceres shewing a var-
iable CL internal structure, and with a surreunding black
rim.

The ether analyses have errer ellipses everlapping the
cencerdia curve (Fig. 6¢). Analysis 13.1 with high U
centents, which yielded an anemaleus high age ef
313 + 4 Ma, 4 data with high cemmen 2**Pb (7.1, 1.1,
14.1 and 17.2) and ene spet with high degree of discer-
dance (18.1), have been excluded frem the age calculatien.
The remaining 13 analyses display i 0/ ages in the
range 306280 Ma (Fig. 6¢). A selectien of eight spets
allews the calculatien of a cencerdia age of 300.3 + 2.6 Ma
(MSWD = 0.59) (Fig. 6d).

Atalaya real granite

The 18 SHRMP analyses frem sample Y78 de net shew
inherited zircen. Five analyses cerrespending te dark rims
or inner demains with secter er irregular zening exhibit
high cemmen 2**Pb (analyses 5.1, 5.2, 8.1, 11.1 and 14.1).
Fer the estimatien eof the crystallisatien age, we have
net censidered these latter data, tegether with analyses



Table 2 Ion microprobe (SHRIMP) and laser ablation ICP-MS U—Pb analytical data for zircons from SCS granitic intrusions

Spotnumber Common ***Pb (%) U (ppm) Th(ppm) Th/U Radiogenic ratios Age Ma) Pisc (%)*

207Pb/235U:|: o ’ZOEPb/’ZSSU - , 207Pb/206Pb 4+ JQGPb/235LT a o 'ZWPb/ZCSPb + g

Hoyo de Pinares (M21)-—SHRIMP

1.1 0.03 4,141 367 0.09 03727 £ 1.1 0.0517 + 1.0 093 00523 +£04 325 +3.2 300+ 9 -8
2wl 0.18 288 189 0.21 03370 + 1.7 00472 + 1.0 0.61 0.0518 + 1.4 287 +£ 3.0 278 + 31 -7
31 0.00 371 194 0.52 03434 + 1.6 0.047% + 1.1 0.68 00520 £1.2 302 £33 285 + 27 -6
4.1 0.17 603 119 0.20 03382 +22 00472 + 1.1 04% 00520 + 1.9 297 + 3.1 286 + 44 -4
4.2 0.72 562 236 0.42 03540 + 3.9 00482 + 1.1 028 00534 +3.8 303 £33 345 + 85 14
5.1 0.47 439 143 033 0.3160 + 3.2 0.0446 + 1.1 035 0.0515 + 3.0 281 +3.0 263 4+ 68 -7
6.1 0.41 166 130 0.79 0.3410 + 3.5 0.0488 + 1.2 036 0.0507 £ 3.2 307 £+ 3.7 22wt YiS -26
7.1 0.0% 761 107 0.14 03474 £2.0 0.0483 + 1.1 052 00522 +17 304 +£3.1 295 + 40 -3
T2, 0.20 151 69 0.45 1.2193 £+ 21 0.1370 + 1.2 057 0.0646 + 1.7 228 +91 760 + 36 -8
8.1 0.04 1,548 1,067 0.69 0.3501 + 1.2 0.048 + 1.0 0.83 0.0523 £0.7 306 + 3.1 287 £+ 16 -3
82 0.12 620 182 0.29 03417 £ 1.6 00477 + 1.1 065 0.051% + 1.2 300 + 3.1 282 + 28 -6
= M| 0.29 267 150 0.17 0.3410 4+ 1.8 00477 + 1.1 059 00519 + 1.4 300 £ 3.1 281 4+ 33 -6
10.1 1.25 323 25 0.08 0.4590 + 7.4 0.05%% + 1.7 024 00565 + 7.2 369 + 6.2 474 4+ 158 28
11.1 0.20 243 78 0.32 03423 + 27 0.0483 + 1.2 043 0.0514 £25 304 + 3.5 260 + 56 -14
12.1 038 755 518 0.69 0.3344 + 2.1 0.045% + 1.1 053 0.0528 + 1.8 289 + 32 322 + 41 11
1212 0.42 364 206 0.57 03400 + 3.6 00474 + 1.1 0.31 0.0520 + 34 299 4+ 33 286 + 79 -4
13.1 0.58 68 36 0.53 0.8740 + 4.0 0.1041 + 1.4 036 0.060% + 3.7 638 + 8.3 636 + 80 0
14.1 0.08 771 390 05 03378 £ 2.0 0.0468 + 1.2 059 00524 £ 16 295+ 34 301 + 37 2
142 0.15 624 185 0.30 0.3381 + 2.1 00478 + 1.1 055 00513 £1.7 301 4+ 33 254 4+ 40 -16
15.1 0.00 182 76 0.42 03334 + 2.9 0.0458 + 1.5 050 0.0528 +25 288 + 4.1 322 + 58 12
16.1 6.30 767 296 0.39 0.2830 + 13.0 0.0403 + 1.3 0.10 0.050% + 13.0 255 +32 235 + 300 -8
17.1 0.24 410 145 0.35 0.3339 + 25 00474 + 1.2 048 0.0511 £22 209 + 34 244 + 50 -18
18.1 0.11 402 208 0.52 08470 + 1.9 0.1008 + 1.3 0.6% 0.0610 + 1.4 619 + 7.7 637t 28 3
19.1 0.20 489 242 0.49 03282 +22 00448 + 1.2 052 00532 +1.9 282+ 32 337 +£ 43 19
Alpedrete (Y76)—-SHRIMP
1.1 0.08 802 55 0.07 03437 £ 1.6 0.0480 + 1.1 068 0.051% + 1.1 302 £+ 3.1 282 + 26 -7
12 0.00 106 40 0.38 0.3181 £+ 2.7 00447 + 1.3 049 0.0516 + 24 282k 37 269 + 54 -5
2.1 0.00 200 43 0.21 03292 + 29 0.0454 + 2.4 0.83 00526 +£17 286 + 6.8 311 + 38 g
47 0.19 208 47 0.22 0.330% + 2.6 0.0465 + 1.2 045 0.0516 +£23 293 + 34 270 + 54 -8
3.1 0.22 331 62 0.19 03225 £+ 22 0.0458 + 1.1 0.51 0.0510 + 1.9 289 + 32 242 4+ 43 -16
32 0.00 127 46 037 03241 + 4.9 00443 + 4.4 0.8% 0.0530 +22 280 + 12.0 328 + 50 18
4.1 0.16 923 27 0.28 0328 + 1.5 0.045% £+ 1.0 068 00520 + 1.1 28% + 3.0 284 + 26 -2

4.2 0.00 275 94 0.34 03037 £ 2.7 0.0414 + 23 085 00533 £1.5 261 £ 59 340 £ 33 30




Table 2 continued

Spot number Common #py (%) U (ppm) Th (ppm) Th/U  Radiogenic ratios Age (Ma) Disc (%)*

DPYPU £ 6 PP ,FU L6 b AP £ o MPHAPU Lo PO P+ o

5.1 0.04 1,009 276 027 0.3326 + 1.4 0.0466 + 1.0 077 0.0518 + 0.9 293 + 3.0 277 + 20 -6
6.1 0.09 780 241 0.31 0.3385 + 1.6 00473 + 1.1 068 0.051% + 1.1 208 + 3.1 282 + 26 -5
Tl 0.00 496 103 0.21 03333 £ 16 0.0460 + 1.1 072 00526 £ 1.1 280 + 33 310 £+ 25

2, 0.13 319 109 0.34 033794+ 222 0.0468 + 1.1 0.51 00524+ 19 295)=£. 3.3 301 + 44 2
8.1 0.11 327 69 0.21 0.3411 £+ 2.1 0.0470 + 1.1 053 00527+ 1.8 296 + 3.3 316 + 41

91 0.14 249 57 0.23 0.3374 £ 24 00471 + 1.2 049 0.051% +£ 20 287 + 3.4 283 + 47 -5
10.1 0.64 74 78 1.05 0.3124 £ 70 00449 + 1.7 025 0.0505 + 6.8 283+ 4.8 218 + 157 -23
11.1 0.00 143 58 0.41 0.3161 + 3.6 0.0434 + 1.6 045 0.052% + 32 274 + 4.3 323 +£73 18
12.1 0.37 976 69 0.07 0.3320 + 1.8 0.0463 + 1.1 060 0.0520 + 1.4 292 4+ 3.0 287 + 32 -1
13.1 0.00 278 LL] 0.36 03426 + 1.8 00477 £ 1.2 065 0.0521 + 1.4 300+ 3.4 290 + 31 -4
14.1 0.18 527 220 0.42 03113 £2.2 0.0435 + 1.5 068 0.051%9 £ 1.6 275+ 4.0 280 + 36 2
15.1 0.45 32 26 0.32 0.3071 £ 5.3 0.0454 + 1.4 027 00491 +5.1 286+ 4.0 153 + 119 —46
16.1 0.34 201 207 1.03 0.3270 + 4.1 00472 + 1.2 030 0.0502 + 3.9 297 & 35 205 + %0 =31
17.1 0.18 270 43 0.16 07779 + 1.9 0.0962 + 1.2 064 00587 £1.5 592 +70 555 + 33 -6
18.1 0.31 211 55 0.26 0.3240 + 3.8 0.0462 + 1.2 032 0.050% + 3.6 281 + 34 236 + 84 —19
19.1 2.21 778 287 037 0.1733 + 53 0.024% + 1.2 023 00504 +5.1 159 + 1.9 214 + 119 35

Alpedrete (Y76)-—LA-ICP-MS
L1 0.00 585 218 037 02926 + 3.0 0.0403 + 1.8 032 0.0528 £3.0 254 + 4 319 +£ 70 21
L2 0.00 1,614 635 0.39 03478 + 1.6 00478 + 1.4 059 00528 +14 301 &+ 4 318 & 32 6
L3 0.00 589 479 0.81 03480 + 2.3 0.047% + 1.6 042 00528 +22 301 £ 5 319 + 51 6
L4 0.00 559 354 0.63 03541 + 1.9 0.0482 + 1.4 048 00533 £ 1.7 304 + 4 341 £+ 40 11
L5 0.00 1,333 787 0.59 0.3586 + 2.1 0.0480 + 1.5 045 00542 +£20 302 + 4 381 + 45 21
L6 332 677 741 1.09 0.3508 + 2.0 0.0467 + 1.4 044 00545 + 1.9 2084 + 4 391 + 43 25
L7 0.00 912 350 0.38 07719 £+ 1.4 0.0943 + 1.3 057 00594 £ 1.2 581+ 7 581 + 27 0
L8 0.00 638 238 037 03499 + 24 00472 + 1.6 03% 0.053% +23 297+ 5 365 + 54 19
Le 0.00 297 125 0.42 0.323% + 24 0.0458 + 1.5 0.3% 00514 +£23 288 + 4 257 4+ 53 -13
L10 0.00 274 66 0.24 0.3611 + 1.8 0.04%0 + 1.3 046 0.0535 + 1.6 308 + 4 348 + 38 12
L11 0.00 370 148 0.40 0.3661 +£5.2 0.0466 + 2.3 0.16 0.0571 + 54 294 + 7 494 + 121 42
L12 0.00 644 232 0.36 0.3361 £+ 24 00473 + 1.6 039 0.0515+23 208 + 5 265 + 54 -13
Villacastin (Y24)—-SHRIMP

1.1 2.17 1,871 495 0.26 03373 + 4.8 0.0464 + 1.1 022 00528 £46 292 + 3.0 319 + 106 g
2.1 0.79 817 40 0.05 0.5976 + 2.1 0.0771 + 1.0 0.51 00562 + 1.8 479 + 4.8 462 + 39 -4
31 8.60 1,716 479 028 03458 + 10.9 00445 + 1.2 0.11 0.0563 + 10.8 281 + 34 465 + 239 40

4.1 0.15 1,130 332 0.2% 03364 = 1.5 0.0468 + 1.0 070 0.0521 £ 1.1 295 £ 3.0 290 £ 24 -2




Table 2 continued

Spot number Common 206p}, (%) U (ppm) Th(ppm) ThU Radiogenic ratios Age (Ma) Disc (%)*
DPYPU L6 PP ,EFU Lo HTPhAPh £ ¢ *PHABU Lo PO *Ph t o
5.1 0.03 1,005 243 024 0.3382 + 1.4 0.0468 + 1.1 076 0.0524 + 0.9 295+ 3.1 305 + 21 3
52 4.23 288 124 0.43 0.3653 + 18.0 00482 + 2.2 0.12 0.0550 + 17.9 303 + 6.5 412 + 400 26
6.1 2955 92 30 0.33 0.3583 + 58.4 0.0432 + 3.8 0.06 0.0601 + 583 273 + 10.1 607 + 1260 55
7.1 1.16 1,204 340 0.28 03450 + 3.2 00477 + 1.0 033 00524 +£3.0 300 £+ 3.1 305 + 6% 1
T2, 3.47 709 169 024 03342 + 8.1 0.0460 + 1.2 0.14 0.0527 + 80 280 + 3.3 316 + 181 g
8.1 5.85 178 69 0.39 0.38985 + 11.5 0.044% + 1.5 0.13 00629 + 114 283 +£ 4.1 703 + 244 60
91 0.65 1,101 335 0.30 03349 + 22 0.0465 + 1.0 048 00522 +1.9 293 + 3.0 296 + 44 1
10.1 1.00 996 241 024 03465 + 25 00471 + 1.1 044 0.0534 + 22 297 £+ 3.1 345 + 51 14
11.1 15.44 %05 214 024 02977 + 245 00432 + 1.7 0.07 0.0499% + 244 273 £ 45 193 4 568 -42
12.1 18.13 983 247 0.25 0.3197 + 2983 0.0444 + 2.2 007 00522 + 297 280+ 59 293 + 679 4
13.1 0.00 2471 91 0.34 03324 + 1.9 0.0462 + 1.1 05% 00522 +1.6 291 £33 293 £+ 36 1
13.2 0.08 2037 461 0.23 0.3418 £ 1.3 00474 + 1.0 079 00523 £0.8 298 + 3.0 300 + 18 0
14.1 12.65 1,115 298 027 03482 + 14.6 00447 + 1.4 0.10 0.0565 + 145 282 + 3.8 472 £ 321 40
15.1 0.07 1,305 241 0.18 03438 + 1.4 00476 + 1.1 082 00523 +£0.8 300 £+ 3.3 300 + 18 0
16.1 0.16 455 37 0.08 05754 + 1.6 00743 + 1.1 066 0.0562 + 1.2 462 + 4.8 459 + 27 -1
17.1 4.50 942 274 0.29 0.3509 + 12.0 0.0452 + 1.3 0.11 00563 + 11.9 285+ 35 465 + 263 39
18.1 8.00 1,915 475 0.25 03285+ 15.2 0.0455 + 1.3 0.09 00523 £ 151 287 +£3.7 300 + 344 5
19.1 233 952 230 0.24 03277 £52 00449 + 1.1 021 00528 +£5.1 283 + 3.0 326 £+ 116 13
20.1 0.05 271 10 0.04 05742 + 1.7 00746 + 1.2 06% 0.0558 + 1.2 464 + 5.2 445 + 27 -4
20.2 0.01 377 215 0.57 5.5240 £+ 2.4 0.333% + 2.3 096 0.1200 + 0.7 1857 £+ 37.4 1956 + 12 5
21.1 474 215 32 0.38 0.3075 £ 11.0 0.0430 + 1.5 0.13 0.0519 £ 10.9 2.7k A, 280 + 249 8
221 0.04 1,804 251 0.14 0.328% + 1.3 0.0458 + 1.0 0.80 0.0521 +£0.8 289 +29 288 + 17 0
Atalaya Real (Y78)—SHRIMP
1.1 0.01 6,139 2,802 0.46 0.3624 + 1.1 0.0501 + 1.0 094 00524 £ 04 315 £ 3.1 305+ 8 -3
2.l 0.54 575 159 0.28 0.3161 + 2.8 00427 + 1.1 038 00537 £26 270 + 2.8 357 + 59 24
2%, 0.09 1,222 245 0.20 0.3366 + 1.4 0.0468 + 1.1 073 0.0521 +£ 1.0 295+ 3.0 291 + 22 -1
3.1 024 210 76 0.36 03427 £ 2.7 0.0485 + 1.3 049 0.0512 + 24 305+ 4.0 251 £ 55 =22
4.1 0.12 280 112 0.40 03456 + 1.9 00479 + 1.1 057 00523 £ 16 302 £33 298 + 36 -1
5.1 547 866 270 0.31 03115 + 73 0.0433 + 1.1 0.16 0.0522 +£72 273 £+ 3.0 295 + 164 i/
S 11.42 349 188 0.54 0.2047 + 18.7 0.0284 + 1.6 0.0% 00524 + 18.6 180 + 2.8 301 + 424 40
6.1 0.00 449 153 0.34 03439 + 1.5 0.0471 + 1.1 0.71 0.0530 + 1.1 287,k 332 327 £ 25 9
6.2 0.19 1,048 637 0.61 0.3415 £ 1.6 00479 + 1.0 065 0.0517 + 1.2 302 +£ 3.1 271 + 28 -11
71 0.58 574 199 0.35 0.3411 + 3.0 0.0470 + 1.1 036 00527 +2.8 296 + 3.1 314 + 64 6
7.2 0.23 5,022 380 0.08 03450 + 1.2 00477 + 1.0 0.88 0.0525 £ 0.6 300 4+ 3.0 305 £ 13 2




Table 2 continued

Spot number Common 206p}, (%) U (ppm) Th(ppm) Th/U Radiogenic ratios Age (Ma) Disc (%)*
TPPUL e PR U Lo p “PbPb+ 6 PHAPU Lo VPH P Lo
8.1 476 322 112 0.35 02594 + 94 0.0368 + 1.3 0.13 0.0511 =93 233429 245 4 214 5
91 0.22 1,406 289 0.21 0.3532 £ 1.6 0.0486 4+ 1.0 0.66 00527 £1.2 306 + 3.1 315 £ 27 3
10.1 0.21 271 65 0.24 03446 + 2.7 0.0485 + 1.2 042 0.0515+25 305+ 3.4 265 + 57 -15
11.1 953 203 124 0.41 0.3173 + 221 0.044% + 1.6 0.07 0.0513 + 220 283 + 44 254 + 506 -11
12.1 0.00 263 122 0.46 03423 £2.2 0.0428 4+ 1.2 052 00580 + 1.9 270 £ 3.1 531 £+ 42 49
1351 0.67 149 109 0.73 0.3314 £ 7.0 0.0490 4+ 1.3 0.19 00490 & 6.9 308 - 3.9 149 4 161 —106
14.1 7.45 227 39 0.3% 0.3392 + 16.1 0.0431 + 1.9 0.12 0.0571 £ 16.0 272+ 51 494 + 352 45
Navas del Marqués (M%)—SHRIMP
1.1 0.00 219 71 032 03340 4+ 2.1 0.045% 4+ 1.3 0.63 00527 £ 1.6 2898 4+ 37 318 £+ 37 9
2.1 0.38 280 102 0.36 03499 + 4.1 0.048 + 1.3 033 00522 +39 306 £+ 4.0 296 + 88 -4
3.1 0.00 204 97 0.47 0.5947 + 1.8 00747 + 1.3 071 00577 £ 1.3 465+ 5.8 519 + 28 10
4.1 1.26 133 64 0.48 03254 £ 7.9 00445 + 1.5 0.19 0.0530 & 7.7 281 £ 4.1 330 £ 176 15
5.1 0.25 306 23 0.08 05749 + 2.7 0.0751 + 1.3 048 0.0555 +23 467 £5.8 433 £ 52 -8
5% 0.59 2537 861 0.34 0.7430 £ 1.5 0.0915 + 1.2 0.80 0.058% + 0.9 564 + 6.4 564 + 19 0
6.1 0.30 232 79 0.34 03353 £33 0.0466 4+ 1.3 040 0.0521 £3.1 294 + 3.8 281 £+ 70 -1
7.1 6.08 667 386 0.58 0.3547 + 16.8 0.0483 4+ 1.5 0.0 0.0532 £ 16.7 304 £ 4.5 338 + 379 10
7:2 0.25 2472 82 0.30 03430 + 3.2 00479 + 1.3 041 0.0519 + 29 302+ 3.9 282 + 67 -7
8.1 0.17 1,464 438 0.30 03437 + 1.6 00478 + 1.2 075 0.0522 £ 1.1 301 £ 3.5 293 + 24 =3
91 0.90 1,203 267 022 03349 + 24 00467 + 1.2 0.51 0.0520 £2.0 294 + 35 285 £+ 47 -3
10.1 2.86 937 229 024 0.3311 £ 73 00470 4+ 1.3 017 0.0511 £ 7.2 296 4+ 3.6 244 £ 167 -21
11.1 0.19 2035 734 0.36 03425 + 1.6 00479 + 1.2 075 0.051% + 1.1 302 +35 279 + 24 -8
12.1 0.38 405 169 0.42 03407 £ 3.9 00473 + 1.3 033 00522 +£3.7 208 + 3.7 296 + 84 -1
1341 0.33 3227 1049 0.33 0.3615 £+ 1.6 0.0498 4 1.2 076 00527 £ 1.1 313 £ 3.7 315 £+ 24 1
14.1 5.00 371 122 0.33 03327 +£17.8 0.0459 + 1.4 0.08 0.0525 +17.7 290 + 4.0 308 + 404 6
15.1 1.14 473 247, 0.59 0.3383 + 4.4 00472 + 1.3 029 00520 +42 297 £ 3.7 287 + 97 —4
16.1 0.61 773 151 0.20 03335 +£23 0.0463 4+ 1.2 052 005224+ 20 292 4+ 35 296 4 45 1
17.1 0.09 513 257 0.50 03495 £+ 2.0 0.0482 4+ 1.2 062 00526 £ 1.6 303 +3.7 313 & 36 3
17.2 598 994 876 0.88 0.3272 + 85 0.0455 + 1.3 0.16 0.0521 + 84 287 +3.7 292 + 192 2
18.1 0.43 185 102 0.56 0.338% - 3.8 0.0483 4+ 1.4 036 0.050% & 3.6 304 4+ 4.1 235 4 82 -30
19.1 0.76 493 156 0.32 03349 + 29 00470 4+ 1.3 043 0.0517 £ 2.7 296 4+ 3.6 271 £ 61 -9
20.1 0.00 354 26 0.07 0.6113 £+ 1.6 0.076% + 1.3 078 00577 £ 1.0 478 £5.8 517 £+ 22 ]

Uncertainties given at the one sigma level. Common Pb corrected using measured Wipy, # error correlation between 206p1/23817 and 2*"Pb/2*°U ramios
2 Disc U-Pb discordance, difference between the “**Pb-corrected 206p}/23807 and 207Pb/2*Ph ages



Table 3 CA-ID-TIMS U-Pb analytical data for zircons from SCS granitic intrusions

Fraction Weight Concentration  Measured® Corrected atomic rakios Age (Ma)
(ng) U Pb*  Pb.  *Pb/2MPbr  USPp/ A% Pht PpBU L WP U Lo PR, L g 20SpL 2T 2Ty 235 ) Ty 20y
(ppm)  (ppm) (pg)
Villacastin (Y24)
Z1
10 Xtls. CA 0.04 328 17.7 61.0 493 0.1260 0.0476% + 042 034418 +242 0.1%8 0.05234 + 2.38 3003 300.3 300.4
72
5 Xitls. CA 0.02 102 5.18 85 361 0.1015 0.04784 + 032 034531 + 092 048 0.05235 + 0.82 301.2 301.2 300.9
z3
15 SM xtls. CA 0.07 303 15.3 41.0 1,022 0.1126 0.04773 + 0.22 034436 + 1.02 0.3% 005233 + 095 3005 300.5 2099
74
10 SM xtls. CA  0.03 170.84 87 22 540 0.1188 00475 £ 043 034270 &£ 077 0.63 0052326 + 060 2992 2992 2997
Atalaya Real (Y78)
Z1
3 xtls. CA 0.04 168 99 499 311 0.1340 0.04857 +£ 0.17 035159 + 04% 0.46  0.05250 £+ 0.44 305.7 305.9 3072
z2
15 SM xtls. CA  0.05 288 14.0 146 2,147 0.1035 0.04855 + 0.34 0.35124 + 044 0.80 005247 4+ 027 305.6 305.7 306.0
73
6 Xtls. CA 0.03 210 10.8 153 1,015 0.1185 0.04862 + 0.20 0.35216 + 030 0.6% 0.05253 + 022 306.0 306.3 308.7
74
14 Xils. CA 0.04 260 144 495 454 0.1280 0.04838 4+ 0.24 034991 + 0.62 041 005246 + 057 304.6 304.7 305.3
z5
6 Xtls. CA 0.05 245 125 203 1,341 0.1240 0.04860 &+ 0.29 0.35151 + 150 044 005245 4+ 1.40 3059 305.9 3052

Xtls euhedral zircon prisms, 1:3—1:5 width/length ratio. SM small (<100 mm), CA chemically abraded (Mattison 2005). Weight estimated before CA. Pb (pg): total Pb blank

* Measured ratio corrected for blank and fractionation. Atomic ratios corrected for fractionation (0.11 4 0.02% AMUPb; 0.10 & 0.02% AMU U), spike (G 4 il 0)) laboratory blanks (6 pg
Pb; 0.1 pg U) and inikial common Pb after Stacey and Kramers (1875). Errors are at the 2-sigma level. Wata reduced with PbMacBat (Isachsen et al. http://www earth-ime.org). Pb* radiogenic
lead, Pb, total common lead. p error correlation between 206p1/2337 and 2YPb/>5U ratios
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Fig. 5 a, ¢, e Concordia diagrams showing the SHRIMP and LA-
ICP-MS U-Pb data for Variscan zircons from samples M21 and Y76,
except a few analyses with exceedingly high or low concordia ages.

displaying high U and feur spets with high %discercance
(2.1, 3.1, 12.1 and 13.1). The rest of data (7 analyses)
represent ages frem 295 te 306 Ma (Fig. 6e). Five of these
data were selected and previded a cencerdia age ef
3023 £ 2.9 Ma MSWD = 0.002) (Fig. 6f). This age is
censistent with the prebability density functien, which
shews a maximum ef the bin distributien tewards
302-304 Ma (Fig. 6g).

The five fractiens analysed by CA-ID-TIMS ferm
a cluster en cencerdia between 304 and 307 Ma and pre-
vide a cencerdia age eof 305.68 + 041 Ma (Fig. 7b;
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Concordia age plots (b, d, f) in the right consider a restricted group of
selected spots. Errer ellipses are given at the 20 level

MSWD = 0.33), which is censidered the mest accurate
estimate feor the age eof intrusien.

Discussion

Zircen cempesitien and Ti-in-zircen thermemetry

The steep patterns frem MREE te HREE nermalised values
shewn by zircens frem the sampled SCS granites (Fig. 3a,
b), in cenjunctien with deminant escillatery zening,



Fig. 6 a, c, e Concordia
diagrams showing the SHRIMP
U-Pb data for Variscan zircons
from samples Y24, Y78 and
M3, except a few analyses with
exceedingly low concordia ages.
Concordia age plots (b, d, f) in
the right consider a reswicted
group of selected spots.

g Probability density plot made
for sample Y78 (20 errers used
for calculation). Errer ellipses
are given at the 2¢ level
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evidence the igneeus erigin ef Variscan zircens. The  catiens has been described in zircens with similar CL
anemaleus high LREE centents in 3 spets: Y24-02, Y24-09  textures and explained as alteratien phenemena during
and M9-11 (Fig. 3a), which have been analysed in dark  magma ceeling (Pidgeen et al. 1998).

bands frem escillatery-zened demains, are likely asseci- The wace element variability ef Variscan zircens
ated with secendary medificatiens at late magmatic stages.  (Figs. 3, 4) suggests the pessibility ef crystallisatien frem
Preferential cencentratien of LREE, U, Th and ether large  several magmas, an evelving melt er a cembinatien ef beth



Fig. 7 Concordia diagrams

Concordia age = 300.5 = 0.55

Concordia age = 305.68 = (141

showm; the TDAS U-Pb data 00481 1{  MSWD = 0.0065 [n=4] MSWD = 0.33 [n=5] —
for Variscan zircons from o b
samples Y24 a and Y78 e | g
b. Errer ellipses are given at the 00479 i 0.0487 i
20 level B o
e fay
E 0.0477 | 0.0485 Ll
S Sl
0.0475 0.0483 T
23 1
0.0473 / VILLACASTIN (Y24) 0.0481 ATALAYA REAL (Y78)
0336 344 €352 368 0345 €349 0353 €357 0361
2.7Pb/7.35U 207Pb/235U

facters. Significant inwra-mineral chemical heteregeneity
between secters separated by reserptien surfaces has been
described in magmatic zircens and ascribed te Zr under-
saturatien during recharge with hetter ascending magma
(Beleuseva et al. 2006; Claiberne et al. 2006; Gagnevin
et al. 2010). These abrupt changes in wace element cen-
centratiens, hewever, can ceexist with a leng-term inter-
mineral chemical variatien related te melt evelutien (e.g.
Claiberne et al. 2006). Variscan zircens analysed fer the
present study shew textural features in agreement with
reserptien stages during magma ceeling (e.g. Fig. 2c, grain
7; Fig. 2e, grain 18). But the spets selected fer laser
ablatien analysis de net allew the discussien ef inwra-
mineral chemistry and magma mixing precesses. Anyway,
the trace element centents of SCS zircens are characteristic
of graniteid recks (Nb = 1-17 ppm, Ta = 0.32-12 ppm
and Eu/Eu* < 0.3) (Beleuseva et al. 2002) and exhibit
crustal signatares (Zr/Hf = 32-58) (Pupin 2000), se mix-
ing with felsic magmas is preferred rather than implicatien
of mantle-derived melts.

The degree of magma differentiatien can cerrelate
pesitively with the abundance ef Hf in igneeus zircen
(Heskin and Schaltegger 2003 and references therein).
Experiments by Linnen and Keppler (2002) cencluded that
this effect is related te medificatiens ef the Zr/Hf ratie
during crystal fractienatien ef granitic melts. SCS granite
zircens display a pesitive cerrelatien between Hf and U-Nb
(Ta) (Fig. 3b, c¢), whilst Zr/Hf ratie decreases (Fig. 4).
These characteristics are in accerdance with a pregressive
increase in the degree of magma evelutien and an incem-
patible behavieur of U, Nb and Ta with respect te the
fractienating mineral assemblage. Hewever, the respense
shewn by ether trace elements is fairly variable and
dependent en the intrusien censidered, peinting te influ-
ence of ce-precipitating wace element-rich accessery pha-
ses. These minerals weuld withdraw highly incempatible
elements and cempensate fer their enrichment in the melt
during differentiatien. Cemmen accessery phases in these

recks are REE-rich phesphates (apatite, menazite and
xenetime). Their invelvement during crystal fractienatien
can be envisaged in S-type granites zircens [Alpedrete
(Y76) and Heye de Pinares (M21)] en the basis ef the lack
of P increase with higher Hf (Fig. 4). These intrusiens de
net shew significant trends fer REE, Y and Th, thus sup-
perting that menazite and xenetime are likely the main
accessery minerals asseciated with magma differentiatien.
®n the other hand, P, Y and HREE frem Villacastin (Y24)
and Atalaya Real (Y78) zircens are pesitively cerrelated
with Hf (Fig. 4). This characteristic is likely related te the
“xenetime” ceupled substitutien mechanism in zircen (e.g.
Heskin and Schaltegger 2003), which adds te the effect
caused by magma evelutien. Hewever, LREE centents in
these zircens de net cerrelate significantly with the degree
of differentiatien (Fig. 4). Fractienatien ef a LREE-rich
silicate, such as allanite, might be respensible fer this
behavieur. Menazite and allanite are the predeminant frac-
tienating LREE-rich minerals in the SCS S- and I-type
graniteids, respectively (Villaseca et al. 1998). This agrees
well with the prepesed implicatien ef these accessery phases
during magma fractienatien. Mereever, a recent study by
Pérez-Seba et al. (2007) has highlighted a similar influence
of accessery minerals in the zircen chemiswy ef several
granitic intrusiens ef eastern SCS (including Alpedrete and
Atalaya Real). The fact that Navas del Marqués zircens
present a general increase in all trace elements tewards
higher Hf or U supperts that ne accessery minerals have
significantly medified zircen chemistry during its grewth.

The analysed pre-Variscan zircens, irrespective of their
crystallisatien age, shew a trace element cempesitien
everlapping that ef the Variscan grains (Figs. 3, 4;
Table 1). This similarity indicates that the inherited zircens
likely eriginated frem a granitic melt, which weuld be in
accerdance with the predeminance of felsic peralumineus
magmatism eccurring in the CIZ during Lewer Palacezeic
(e.z. Bea et al. 2003; Zeck et al. 2004; Mentere et al.
2009).
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Fig. 8 Mean temperatures of the five S- and I-type granite samples
calculated using the recalibrated Ti-in-zircon geothermometer of
Ferry and Watson (2007). The grey bar represents the errer
associated with each data. Fairly similar high temperatures have
been obtained for either S- or I-type granites

We have estimated the temperature of crystallisation ef
each inwusien en the basis of Ti cencenwatiens using the
recalibrated Ti-in-zircen equatien of Ferry and Watsen
(2007). Due te absence of rutile and presence of ilmenite in
these granites, we have assumed an «(Ti@®,) value of 0.6,
typical ef silicic melts (Ferry and Watsen 2007). The cal-
culated mean temperatures are quite similar in S-type
granites: 844°C (Heye de Pinares) and 788°C (Alpedrete),
and I-type granites: 784°C (Villacastin), 787°C (Atalaya
Real) and 804°C (Navas del Marqués) (Fig. 8). Tempera-
ture subestimatien er everestimatien in the erder of ~40°C
weuld result frem the applicatien of a(Ti®;) = 1 er 0.5,
respectively. The T range ebtained fer the SCS granite
zircens (784-844°C) represents relatively elevated tem-
peratures in all cases (Fig. 8). These temperatures are
equivalent te these prepesed for “het” granites (e.g. Miller
et al. 2003) and are indicative of a deep level of melting,
likely within the lewer crust. The lew number of zircen
inheritances preserved in the five samples is in agreement
with the abeve high-T data.

Censtraints en the pretelith nature

Only 14 pre-Variscan ages have been recerded in several
zircen ceres frem 4 eof the analysed samples, defining a
tetal age range of c. 369-1,956 Ma (Table 2). Altheugh
this dataset is very limited and sheuld be taken with cau-
tien, it is interesting te nete that twe greups ef ages might
be distinguished: (1) six analyses define a fairly restricted
cluster of 462-479 Ma and (2) seven inherited ceres
recerded ages elder than 564 Ma (1,956-564 Ma). The age
of 369 Ma (sample M21) frem an inherited cere with
cenveluted zening is yeunger than any pessible seurce reck
in the regien (either magmatic er sedimentary), se it is
censidered te be the result of secendary precesses. The
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Fig. 9 Relative probability plots of pre-Variscan ages registered in
zircons from SCS granitic inwusions (grey fields). Similar density
curves with U-Pb zircon ages from a SCS granulite xenoliths, b SCS
migmatites derived from metaigneous protoliths (Sotosalbos samples;
Castifieiras et al. 2008) and ¢ Anatectic Complex of Toledo (ACT)
migmatites derived from metasedimentary protoliths (Casfieiras
et al. 2008), have also been plotted for comparison. See that the
inheritances in the SCS granites match better the curves of igneous-
derived rocks a and b

density curve that represents these data has been pletted in
Fig. 9, in cemparisen with inherited ages frem deep-seated
SCS granulite xeneliths and eutcrepping metamerphic
recks frem central Spain.

The six @rdevician ages are all recerded in I-type
granites (Villacastin and Navas del Marqués). These twe
samples alse shew Neepreterezeic (564 Ma) and lewer
Preterezeic (1,956 Ma) inheritances, but beth data repre-
sent texturally discerdant ceres within @rdevician zircen
demains (Fig. 2c, grain 20; Fig. 2e, grain S). S-type gran-
ites (Heye de Pinares and Alpedrete) present pre-Variscan
ceres elder than 580 Ma (828-581 Ma). This clear centrast
in the age of inheritances suggests that twe distinct seurce
recks were invelved in the genesis of the twe SCS granitic
series. Different seurces fer SCS S- and I-type granites
were net ebvieus using classical geechemical appreaches
(Sr, Nd, @, Pb isetepes) (e.g. Villaseca et al. 1998, 2009;
Villaseca and Herreres 2000). Thus, the study ef zircen
inheritances by U-Pb geechrenelegy is a pewerful teel in
discriminating igneeus preteliths.
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Fig. 10 Relative probability plot showing precise geochronology
results for granites from the CIZ (Bias et al. 1998; Fernandez-Suarez
et al. 2000; Valle Aguado et al. 2005; Zeck et al. 2007b; Antunes
et al. 2008; Carracedo et al. 2009; Martins et al. 2009; Neiva et al.
2009; Sola et al. 2009; Biaz-Alvarado et al. 2011; unpublished data)
and from the Spanish Central System (Zeck et al. 2007b; Biaz-
Alvarado et al. 2011; this study). The timing of several metamorphic
and magmatic events in the Ibemian Massif or other westemn
Variscides have also been represented for compatison (herizental
black bands). the Variscan B2 metamorphic phase in the CIZ

An impertant @rdevician magmatic event has been
identified in the CIZ. U-Pb zircen dating has yielded
crystallisatien ages frem 49 te 468 Ma (Valverde-
Vaquere and Dunning 2000; Zeck et al. 2007a; Mentere
et al. 2009). Abundant inherited zircens cerrespending te
similar @rdevician ages (~480-464 Ma) have alse been
feund in Variscan migmatites frem the SCS (Castifieiras
et al. 2008) (Fig. 9b). The presence of very similar @rde-
vician ages in (1) magmatic zircens frem metaigneeus
recks eutcrepping in central Spain, (2) pre-Variscan zircen
ceres frem SCS lewer crustal granulite xeneliths
(490-460 Ma; Fernandez-Sudrez et al. 2006; @rejana et al.
2011) and (3) inherited grains frem SCS I-type granites
(Fig. 9) suggests that the seurce materials of these latter
intrusiens might be @rdevician plutenic recks metamer-
phesed during the Variscan cellisien at lewer crustal levels.
The twe elder zircen grains included in a tetal ef six
Ordevician ceres must represent inheritances frem the
erthegneis pretelith. The abundance ef such zircen inclusiens

(Escuder-Viruete et al. 1998; Valverde-Vaquero 1998), the intrusion
of late-/post-kinematic Variscan granites in central Europe (Klein
et al. 2008 and references therein), the inwrusion of syn-kinematic
(B3) granites in the CIZ (e.g. Bias et al. 1998; Valle Aguado et al.
2005), the intrusion of late-/post-kinematic Variscan granites in the
southern Variscides (Roberts et al. 2000; Ledru et al. 2001; Cocherie
et al. 2005; Fiannaccaet al. 2008; Ballévre et al. 2009; Wallagiovanna
et al. 2009) and the granulite-facies metamorphism in the Spanish
Cental System lower crust (Femandez-Suarez et al. 2006; @rejana
et al. 2011)

frem the seurce recks is a main characteristic of the CIZ
@rdevician metaigneeus recks (Bea et al. 2007).

The scarce and dispersed pre-@rdevician zircen ages
ebtained frem the SCS S-type granites de net allew a clear
interpretatien. They mainly spread frem 638 te 581 Ma
(the enly data eutside this range is 828 Ma). A Cademian
magmatic event has been identified in central Spain en the
basis U-Pb zircen geechrenelegy ef eutcrepping augen
gneisses frem western SCS (~547-543 Ma; Bea et al.
2003; Zeck et al. 2004). Texturally discerdant ceres frem
ether CIZ metaigneeus recks reveal abundant zircen pep-
ulatiens fermed during the Upper Preterezeic-Cambrian
(~580-500 and ~650-600 Ma; Bea et al. 2007; Mentere
et al. 2009; Castifieiras et al. 2008). Hewever, the nature of
the inherited pre-Cambrian ages is centreversial, being
assigned either te magmatic (e.2. Bea et al. 2007; Mentere
et al. 2009) er metasedimentary (Zeck et al. 2004, 20072a)
preteliths. @ur results fer the S-type granites clesely
appreximate the abeve Cademian ages, but alse data frem



metasediments eutcrepping in central Spain (Fig. 9¢). A
recent paper by Fernandez-Sudrez et al. (2011) highlights
the everwhelming predeminance of inherited ages yeunger
than ~ 650 Ma in many granitic intrusiens frem the Iberian
Variscan Belt. These authers cenclude that these felsic
Variscan granites are mainly related te Cambre-@rdevician
metaigneeus preteliths and that influence of sedimentary
cempenents might derive frem centaminatien. @ur data en
zircens frem SCS granites are in accerdance with this
hypethesis, and the presence of ages elder than 650 Ma
allews the invelvement ef metasediments in the ertheg-
neiss seurce regien during the Cambre-@rdevician mag-
matic event. Hewever, we think that ether kind ef data
(such as Lu—Hf isetepes) weuld be necessary feor a deeper
discussien en the nature ef the granites pretelith.

Censtraints en the age of intrusien ef the SCS bathelith

The age spread shewn by zircen analyses is tee extensive
te represent the crystallisatien of a magmatic system. We
think that this age scattering is likely induced by Pb-less.
Accerdingly, we have censidered the highest apparent ages
frem each sample as the best appreximatien te the age of
crystallisatien. This is supperted by the prebability density
plet made for sample Y78 (Atalaya Real), which displays a
maximum tewards the eldest values (between 302 and
384 Ma; Fig. 6g), very similar te the average age ebtained
by CA-ID-TIMS. Thus, the SHRIMP cencerdia ages (2c
errers) have been calculated excluding analyses mere
likely influenced by Pb-less (Figs. S, 6).

The initial werks fecused en the geechrenelegy ef CIZ
magmatic intrusiens have usually applied the K—Ar er Rb-
Sr isechren metheds (either en whele-reck er mineral
separates), resulting in peerly reliable data spreading in a
wide time span (e.g. Serrane Pinte et al. 1987, and refer-
ences therein). A general range of 327-284 Ma was pre-
pesed feor the intrusien ef the SCS felsic bathelith (e.g.
Villaseca et al. 1998; Bea et al. 1999). Recently, mere
attempts have been made te better censtrain the inwrusien ef
the granitic plutens ef western and central Iberian Penin-
sula, and mest ef them have fecused en U-Th-Pb zircen
and menazite data via TIMS, ien micreprebe, laser ablatien
ICP-MS er electren micreprebe (Dias et al. 1998; Fern-
indez-Sudrez et al. 2000; Bea et al. 2006; Zeck et al.
2007b; Antunes et al. 2008; Neiva et al. 2009; Sela et al.
2009). Accerding te these data, mest of the felsic mag-
matism in the CIZ is sin- er pest-tectenic with respect te
the last ductile defermatien phase (D5) (Dias et al. 1998;
Fernandez-Suirez et al. 2000; Valle Aguade et al. 2005),
implying intrusien after appreximately 320 Ma. @lder sin-
D, intwusiens are scarce and have been recegnised in the
West Asturian Leenese Zene (Fernandez-sudrez et al.
2000). This age distributien is apparent frem the

prebability density curve made fer available precise U-Pb
ages determined in graniteids frem the CIZ (Fig. 10; see
references in figure captien). In this latter diagram, there is
a small peak at 320 Ma, which cerrespends mainly te syn-
D5 leucegranites frem nerth-western Iberia, but the bulk ef
data yield larger peaks at 308—-306 Ma and 301 Ma. These
yeunger ages have been ebtained fer late- er pest-tectenic
granites in the whele CIZ.

The enly accurate data en Variscan felsic intrusiens
frem central Spain are these previded by Zeck et al.
(2007b) and Diaz-Alvarade et al. (2011) fer the Spanish
Central System (Fig. 1a), which present feur granitic
bedies frem western SCS crystallised in the range ef
308-303 Ma. @n the ether hand, the detailed studies of
several anatectic areas made by Bea et al. (2006) and
Castifieiras et al. (2008), have established the age eof the
migmatisatien in mid-crustal levels frem central Spain in
the bread range ef 330-317 Ma. Taking inte acceunt the
scarcity ef precise data in central Spain, the geechrenelegy
of the five granites frem eastern SCS studied here repre-
sents an impertant centributien te censtrain the time ef
intrusien ef this bathelith. Their age eof crystallisatien
(305-298 Ma) partially everlap the results of Zeck et al.
(2007b) and Diaz-Alvarade et al. (2011) and allews a
classificatien as pest-D; intrusiens. Hewever, it sheuld be
neted that mest of eur data (4 ef the S analysed plutens) are
yeunger than 302 Ma (the exceptien is Atalaya Real with
305.7 Ma), whereas the available data frem western SCS
are mestly elder than 306 Ma. Accerdingly, it is pessible te
distinguish twe magmatic pulses (ene abeut 301 Ma and
ether abeut 306 Ma), which are clearly related te the main
peaks drawn by the whele dataset fer CIZ granites
(Fig. 10).

These data seem te faveur a yeunger time of emplace-
ment fer plutens frem the eastern SCS when cempared
with granites frem the western SCS. Mereever, they sug-
gest that the SCS Variscan magmatism is ameng the
yeungest igneeus manifestatiens in the CIZ, intruding after
the peak eof maximum magmatic activity (latter than
309 Ma). This new age dating represents a sherter time
peried when cempared with the previeus geechrenelegy en
the same granites (Villaseca et al. 1998, and references
therein). This is alse supperted by precise dating of the
centemperary basic magmatism: small gabbreic bedies
frem the SCS yielded ages ranging frem 312 te 300 Ma
(Mentere et al. 2004; Bea et al. 2006; Zeck et al. 2007b;
Villaseca et al. 2011).

The erigin of the SCS Bathelith has been related te
melting of the lewer crust en the basis ef whele-reck
geechemiswy of deep-seated granulitic xeneliths (Villaseca
et al. 1999). Recent studies based en U-Pb zircen ages in
these SCS granulites reinferces this cenclusien, shewing an
abundant pepulatien ef metamerphic zircens fermed in the



range 320-275 Ma (Fernandez-Sudrez et al. 2006; @rejana
et al. 2011). Altheugh these values shew a relative dis-
persien, there is an everwhelming presence of zircens with
ages in the mere restricted time span eof 305-285 Ma,
which perfectly match the age ef crystallisatien of the five
analysed granites (Fig. 1@). Fernindez-Suarez et al. (2006)
suggested that twe magmatic pulses might be envisaged in
the CIZ during the Variscan eregeny: 300-295 and
280-288 Ma, due te a similar pattern feund in granites
frem nerthwest Spain (Fernindez-Suirez et al. 2000).
Nevertheless, we think that this hypethesis ceuld net be
suitable fer central Spain and sheuld be cenfirmed by
further geechrenelegical werk, because ne evidence eof
Variscan felsic inwrusiens yeunger than 298 Ma has been
feund in the Spanish Cenwal System.

The elevated temperatures (784-844°C) estimated fer
the five sampled granites (Fig. 8) are in agreement with the
pessibility ef melting at deep crustal levels. An impertant
thermal input frem the mantle might have played a key rele
in heating the base of the crust, as prepesed by Zeck et al.
(2007b). Taking inte acceunt that beth SCS basic and
silicic magmas represent a cectaneeus pest-cellisienal late-
eregenic event, melt generatien in the lewer crust and the
upper mantle might has been wiggered by adiabatic
decempressien during eregen cellapse.

CIZ pest-kinematic felsic magmatism in the centext
of the western Eurepean Variscan Belt

Available geechrenelegy ef granites frem the inner zenes
of the Iberian Variscan Cellisienal Belt (CIZ) peints te a
main felsic magmatic event in the bread range ef
325-290 Ma, with its maximum abeut 313-298 Ma
(Fig. 10). This relatively young age range (Westphalian te
Perme-Carbenifereus) indicates that the main episedes of
Variscan granite plutenism in the CIZ ceincide with thin-
skinned thrusting in the fereland ef the Cantabrian Zene
(e.g. Pérez Estailin and Bastida 1998). In the case of the
Eastern secter of the SCS Bathelith, this large pest-kine-
matic granite intrusiens at 305-300 Ma teek place within
the Late Pennsylvanian (Kasimevian and Gzhelian stages;
Davydev et al. 2010), during fermatien ef the late-eregenic
Stephanian ceal basins in the Cantabrian Zene.

Theugh a detailed presentatien ef the Variscan mag-
matism is beyend the scepe of this paper, it is werth neting
that late- te pest-kinematic graniteids frem Western
Eurepean Variscan massifs display intrusien ages which
everlap the 313-298 Ma range of maximum magmatic
activity in the CIZ (Fig. 10). The intrusien ef large late-
pest-kinematic granitic plutens frem the Armerican Massif
(Ballevre et al. 2009) is mainly censwrained te the range
320-300 Ma. Pest-tectenic felsic magmas in ether seuth-
ern Variscides tend te display similar er even yeunger ages,

such as the French Massif Central (up te 298 Ma in the
Velay deme; Ledru et al. 2001, and references therein),
Pyrenees (312-305 Ma; Reberts et al. 2000 and references
therein) er Calabria-Peleritani Massif (up te 295 Ma;
Fiannacca et al. 2008 and references therein). In Cersica-
Sardinia and the Alps, the pest-tectenic felsic Variscan
intrusiens exhibit even yeunger emplacement ages (up te
~ 270 Ma; Dallagievanna et al. 2009; Cecherie et al. 2005,
and references therein).

The abeve studies demenstate that large granitic bedies
were emplaced aleng the western margin ef the Eurepean
Variscan Belt, in a late- te pest-tectenic geedynamic set-
ting, at the end of the Variscan cellisien (breadly frem 315
te 290 Ma). Prier te ~320-330 Ma, granites frem the
abeve Variscan massifs are mestly syn-tectenic anatectic
melts (e.g. Faure et al. 2010). Instead, granites emplaced
during Namurian-Westphalian are late-eregenic intrusiens
asseciated with the extensien and cellapse eof Variscan
crust, which is a diachreneus precess that pregressed frem
the internal zenes eutwards (e.g. Tinmumerman 2008 and
references within). Further extensien during Stephanian-
early Permian is characterised by stike-slip faulting, which
resulted in fermatien ef intracentinental detrital basins
accempanied by widespread pest-eregenic velcanic and
plutenic activity (e.g. Timmerman 2008). This pretracted
felsic magma generatien event, related te the eregen cel-
lapse (yeunger than 320 Ma), seems te be ceeval in all
western Variscan massifs, theugh the mere external areas
display yeunger felsic magmas (e.g. Cersica-Sardinia and
Alps). @n the ether hand, late Variscan granites frem
central Eurepe display slightly elder ages (Klein et al.
2008) (Fig. 10).

Melting respensible of this late-eregenic magmatism in
the western Variscides has been related te several geedy-
namic settings: lithespheric thinning and adiabatic
decempressien after centinental cellisien (Schaltegger and
Cerfu 1995), break-eff of subducted eceanic slab and
thermal eresien ef the lithespheric base (e.g. Schaltegger
1997) and rell-back effect of the Paleetethys subducting
slab (Ven Raumer et al. 2009). Many studies have stated
that subductien ef peri-Gendwana eceans (e.g. Rheic) was
an active precess until abeut 350 Ma and that after
355-345 Ma a cellisienal geedynamic setting deminate the
western Eurepean Variscan Belt (e.g. Faure et al. 2009 feor
the French Massif Central; Ribeire et al. 2010 fer the
Iberian Massif; and references included in these werks).
Even if subductien eperated until 320 Ma, as suggested by
Ven Raumer et al. (2009) fer the Paleetethys, the yeunger
late-tectenic granitic magmatism ef Western Eurepe
sheuld be asseciated with centinental cellisien. Thermal
medels applied te thickened centinental crusts suggest that
an impertant increase in temperature at the lewer crust
might eccur in a few 10s of millien years after thickening.



This thermal input, tegether with the pesterier lithespheric
thinning, might explain the widespread crustal melting
episede which characterises the upper Carbenifereus-
Permian wansitien in the western Variscides.

Conclusions

Zircen frem five granitic intrusiens frem eastern Spanish
Central System have been separated and analysed, using
several analytical techniques, in erder te characterise
their trace element cempesitien, determine their age of
crystallisatien and evaluate the seurce nature. Laser
Ablatien ICP-MS trace element data suggest that zircen
cempesitien varies mainly as a censequence eof melt
differentiatien, altheugh mixing with ether felsic mag-
mas is alse eccurring. The influence of ce-precipitating
accessery minerals, such as menazite, xenetime er alla-
nite, can be deduced frem the variatien shewn by zircen
trace element cempesitien with increasing degree eof
fractienatien.

Feur of the granite samples have a scarce number eof pre-
Variscan zircen ceres. Accerding te these inherited ages, a
neterieus difference between I- and S-type granites has
been feund. I-type intrusiens display enly @rdevician
inherited grains in the restricted range of 479-462 Ma,
theugh these early Palacezeic relicts may alse centain
elder zircen ceres (pre-Cambrian). The @rdevician inher-
itances clesely match the age of the widespread late Pal-
acezeic magmatism represented mainly by augen gneisses
eutcrepping frem nerthwest te central Spain. Thus, I-type
plutens are likely derived frem melting of @rdevician
metaigneeus preteliths. The sampled S-type granites dis-
play a mere heteregenceus pepulatien ef inherited zircens
(all of them pre-Cambrian), which de net allew a
straightferward interpretatien regarding the nature ef their
pretelith.

U-Th-Pb SHRIMP analyses ef zircens frem these gra-
nitic intrusiens yielded exceedingly large apparent age
ranges, which might be explained by a late magmatic Pb-
less event. This precess caused rejuvenatien ef the zircen
demains, se we have censidered the highest apparent ages
frem these samples as the best appreximatien te the age of
crystallisatien. These ien micreprebe data have been
cembined with U-Pb zircen ages ebtained by TIMS and
laser ablatien ICP-MS, with the aim of making the calcu-
lated ages mere rebust. @ur results suggest a relatively
narrew range frem 305 te 298 Ma fer the intrusien ef the
five granitic bedies. Precise geechrenelegical studies en
granites frem western SCS previded slightly elder ages
than these ef eastern SCS. The absence of ages higher than
309 Ma in the SCS bathelith reinferces its pest-kinematic
character and censtrains its intrusien te a yeunger time

span than previeusly theught. When cemparing the intru-
sien ages of granites frem the CIZ with these ef near
Variscan massifs, a widespread pest-tectenic crustal melt-
ing episede seems te be apparent in the bread range ef
315-290 Ma within the internal western Variscides.

Acknowledgments We acknowledge the constructive criticism of
the anonymous editor and an anonymous referee, which greatly
helped to improve the inial manuscript. This work is included in the
objectives of, and supported by, the CGL-2008-05952 and the
CGL2011-23560 projects of the Ministerio de Educacion y Ciencia of
Spain and the GR58/08 project of the 910492 UCM group.

References

Antunes IMHR, Neiva AMR, Silva MMVG, Corfu F (2008)
Geochemistry of S-type granitic rocks from the reversely zoned
Castelo Branco pluton (central Portugal). Lithos 103:445-465

Ballevre M, Bosse V, Bucassou C, Piwra P (2009) Palaeozoic history
of the Armorican Massif: models for the tectonic evolution of the
suture zones. C R Geosci 341:174-201

Bea F, Montero P, Molina JF (199%) Mafic precursors, peraluminous
granitoids, and late lamprophyres in the Avila batholith; a model
for the generation of Variscan batholiths in Iberia. J Geol
107:399-419

Bea F, Montero P, Zinger T (2003) The nature, origin, and thermal
influence of the granite source layer of Central Iberia. J Geol
111:579-595

Bea F, Montero P, Gonzilez-Lodeiro F, Talavera C, Molina JF,
Scarrow JH, Whitehouse MJ, Zinger T (2006) Zircon thermom-
etry and U-Pb ion-microprobe dating of the gabbros and
associated migmatites of the Variscan Toledo anatectic complex,
central Iberia. J Geol Soc Lond 163:847--855

Bea F, Montero P, Gonzilez-Lodeiro F, Talavera C (2007) Zircon
inheritance reveals exceptionally fast crustal magma generation
processes in central Iberia during the Cambro-@rdovician.
J Petrol 48:2327-2339

Bellido F, Casillas R, Navidad M, Be Pablo Garcia JG, Peinado M,
Villaseca C (1990) Las Navas del Marqués (532). Mapa Geol.
Esp. 1:50,000 (segunda serie) IGME

Belousova EA, Griffin WL, @'Reilly SY, Fisher NI (2002) Igneous
zircon: wrace element composition as an indicator of source rock
type. Contrib Miner Petrol 143:602-622

Belousova EA, Griffin WL, @’Reilly SY (2006) Zircon crystal
morphology, wrace element signatures and Hf isotope composi-
tion as a tool for pewrogenetic modelling: examples from Eastem
Austwalian granitoids. J Petrol 47:329-353

Bischoff L, Lenz H, Mueller P, Schmidt K (1978) Geochemical and
geochronological investigations of metavolcanic rocks and
orthogneiss in the eastern Sierra de Guadarrama, Spain. Neues
Jahrb Geol Palaco Abh 155:275-29%

Black LP, Gulson BL (1978) The age of the Mud Tank carbonatite,
Swangways Range, Northern Territory. BMR J Aust Geol
Geophys 3:227-232

Black LP, Kamo SL, Allen CM, Aleinikoff JN, Bavis BPW, Korsch
RJ, Foudoulis C (2003) TEM@RA 1: a new zircon standard for
phanerozoic U-Pb geochronology. Chem Geol 200:155-170

Black LP, Kamo SL, Allen CM, Pavis BW, Aleinikoff JN, Valley
JW, Mundil R, Campbell IH, Korsch RJ, Williams IS, Foudoulis
C (2004) Improved 206py238y microprobe geochronology by the
monitoring of a trace-element-related mawix effect; SHRIMP,
ID-TIMS, ELA-ICP-MS and oxygen isotope documentaiion for
a series of zircon standards. Chem Geol 205:115-140



Carracedo M, Pagquette JL, Alonso @lazabal A, Santos Zalduegui JF,
Garcia de Madinabeitia S, Tiepolo M, Gil Ibarguchi JI (2009)
U-Pb dating of granodiorite and granite units of the Los
Pedroches batholith. Implications for geodynamic models of the
southem Central Iberian Zone (Iberian Massif). Int J Earth Sci
93:1609-1624

Casillas R, Vialette Y, Peinado M, Buthou JL, Pin C (1991) Ages et
caractérisiiques isotopiques (Sr, Nd) des granitoides de la Sierra
de Guadarrama occidentale (Espagne). Abstract Séance Spécia-
lisée Soc. Géol. France Mém. Jean Lameyre

Casquet C, Montero P, Bea F, Lozano R (2003) Geocronologia
207pb/2%*Pb en cristal iinico de circén y Rb-Sr del plutén de La
Cabrera (Sierra de Guadarrama). Geogaceta 35:71-74

Castifieiras P, Villaseca C, Barbero L, Martin Romera C (2008)
SHRIMP U—Pb zircon dating of anatexis in high-grade migma-
tite complexes of Cenwal Spain: implications in the Hercynian
evolution of Cenwral Iberia. Int J Earth Sci 87:35-50

Castro A, Patifio Douce AE, Corretgé LG, Be la Rosa JB, El-Biad M,
El-Hmidi H (1999) @rigin of peraluminous granites and
granodiorites, Iberian Massif, Spain. An experimental test to
granite petwogenesis. Contrib Miner Petrol 135:255-276

Claiborme LL, Miller CF, Walker BA, Wooden JL, Mazdab FK, BeaF
(2006) Tracking magmatic processes through Zr/Hf ratos in
rocks and Hf and Ti zoning in zircons: an example from the
Spirit Mountain batholith, Nevada. Miner Mag 70:517-543

Cocherie A, Rossi P, Fanning CM, Guerrot C (2005) Comparative use
of TIMS and SHRIMP for U-Pb zircon dating of A-type granites
and mafic tholeiitic layered complexes and dykes from the
Corsican Batholith (France). Lithos 82:185-219

Dallagiovanna G, Gaggero L, Maino M, Seno S, Tiepolo M (2009)
U—Pb zircon ages for post-Variscan volcanism in the Ligurian
Alps (Northern Italy). J Geol Soc Lond 166:101-104

Pavydov VI, Crowley JL, Schmitz M®, Poletaecv VI (2010) High-
precision U-Pb zircon age calibration of the global carbonifer-
ous time scale and the milankovitch band cyclicity in the Bonets
Basin, eastern Ukraine. Geochem Geophys Geosys 11:22

Wias G, Leterrier J, Mendes A, Simoes PP, Bertrand JM (1998) U-Pb
zircon and monazite geochronology of post-collisional Hercy-
nian granitoids from the Central Iberian zone (northern Portu-
gal). Lithos 45:349-369

Diaz-Alvarado J, Castro A, Femandez C, Moreno-Ventas 1 (2011)
Assessing bulk assimilation in cordierite-bearing granitoids from
the Central System Batholith, Spain: experimental, geochemical
and geochronological constraints. J Petrol 52:223-256

Dunn AM, Reynolds PH, Clarke BB, Ugidos JM (1998) A
comparison of the age and composition of the Sherbume Byke,
Nova Scotia, and the Messejana Byke, Spain. Can J Earth Sci
35:1110-1115

Escuder-Viruete J, Hernaiz PP, Valverde P, Rodriguez R, Bunning G
(1998) Variscan syncollisional extension in the Iberian Massif:
structural, metamorphic and geochronological evidence from the
Somosierra sector of the Sieira de Guadarrama (Central Iberian
Zone, Spain). Tectonophysics 290:87-10%

Faure M, Lardeaux J-M, Ledru P (200%) A review of the pre-permian
geology of the Variscan French Massif Central. C R Geosci
341:202-213

Faure M, Cocherie A, Bé Mézéme E, Charles N, Rossi P (2010)
Middle carboniferous crustal melting in the Variscan Belt: new
insights from U-Th-Pb,,, monazite and U-Pb zircon ages of the
Montagne Noire Axial Zone (southern French Massif Central).
Gondwana Res 18:653-673

Femandez-Suarez J, Bunning GR, Jenner GA, Guéirez-Alonso G
(2000) Variscan collisional magmatism and deformation in NW
Iberia: constaints from U-Pb geochronology of granitoids.
J Geol Soc Lond 157:565-576

Fernandez-Suarez J, Arenas R, Jeffries TE, Whitehouse MJ, Villaseca
C (2006) A U—Pb study of zircons from a lower crustal granulite
xenolith of the Spanish Central system: a record of Iberian
lithospheric evolution from the Neoproterozoic to the Triassic.
J Geol 114:471-483

Fernandez-Suarez J, Gutierrez-Alonso G, Johnston ST, Jeffries TE,
Pastor-Galan B, Jenner GA, Murphy JB (2011) Iberian late-
Variscan granitoids: some considerations on crustal sources
and the significance of “mantle extraction ages”. Lithos
123:121-132

Ferreira E, Iglesias M, Noronha F, Pereira E, Ribeiro A, Ribeiro ML,
Camicero A, Gonzalo JC, Lopez-Plaza M, Rodriguez Alonso
MD (1987) Granitoides da zona Centro-Ibérica e seu enquad-
ramento geodinarnico. In: Bea F (ed) Geologia de los granitoides
y rocas asociadas del macizo Ibérico. Rueda, Madrid, pp 37-53

Ferry JM, Watson EB (2007) New thermodynamic models and
revised calibrations for the Ti-in-zircon and Zr-in-rusile ther-
mometers. Contrib Miner Petrol 154:429-437

Fiannacca P, Williams IS, Cirrincione R, Pezzino A (2008) Crustal
contributions to late Hercynian peraluminous magmatism in the
southern Calabria-Peloritani @rogen, southern Italy: pewrogenetic
inferences and the Gondwana connection. J Petrol 49:1497-1514

Finger E, Roberts MP, Haunschmid IB, Schermaier A, Steyrer HP
(1997) Variscan granitoids of cenwral Europe: their typology,
potential sources and tectonothermal relations. Miner Petrol
61:67-96

Gagnevin B, Baly JS, Kronz A (2010) Zircon texture and chemical
composition as a guide to magmatic processes and mixing in a
granitic environment and coeval volcanic system. Contrib Miner
Petrol 159:579-5%6

Galindo C, Huertas MJ, Casquet C (1994) Cronologia Rb-Sr y K-Ar
de digques de la Sierra de Guadarrama (Sistema Central Espanol).
Geogaceta 16:23-26

Hoskin PW@®, Schaltegger U (2003) The composikion of zircon and
igneous and metamorphic petrogenesis. In: Hanchar JM, Hoskin
PW@® (eds) Zircon: reviews in mineralogy and geochemisiy, vol
53. Mineralogical Society of America, Washington, pp 27-62

Jackson SE, Pearson NJ, Griffin WL, Belousova EA (2004) The
application of laser ablation-inductively coupled plasma-mass
spectrometnry to in situ U-Pb zircon geochronology. Chem Geol
211:47-69

Jaffey AH, Flynn KF, Glendenin LE, Bentley WC, Essling AM
(1971) Precision measurement of half-lives and specific activ-
ities of 2°U and »®U. Phys Rev 4:1889-1806

Julivert M, Fontboté JM, Ribeiro A, Navais-Conde LE (1972) Mapa
tectonico de 1a Peninsula Ibérica y Baleares a escala 1:1,000,000.
Memoria explicativa. Spanish Geological Survey, Madrid, p 113

Klein T, Kiehm S, Siebel W, Shang CK, Rohrmiiller J, Borr W,
Zulauf G (2008) Age and emplacement of late-Variscan granites
of the western Bohemian Massif with main focus on the
Hauzenberg granitoids (European Variscides, Germany). Lithos
102:478-507

Krogh TE (1%73) A low-contamination method for hydrothermal
decomposition of zircon and extraction of U and Pb for isotopic
age determinations. Geochim Cosmochim Acta 37:485-494

Ledru P, Courrioux G, Wallain C, Lardeaux JM, Montel JM,
Vanderhaeghe @, Vitel G (2001) The Velay dome (French
Massif Central): melt generation and granite emplacement
during orogenic evolution. Tectonophysics 342:207—237

Linnen RL, Keppler H (2002) Melt composition control of Zr/Hf
fractionation in magmatic processes. Geochim Cosmochim Acta
66:3293-3301

Ludwig KR (1991) PBBAT: a computer program for processing Pb—
U-Th isotope data, version 1.24: a user’s manual Berkeley
Geochronological Center, open-file report 88—542



Ludwig KR (2001) SQUIP 1.02, a user’s manual. Berkeley
Geochronological Center, special publication no 2, pp 1-17
Ludwig KR (2003) IS@PL@T/Ex, version 3: a geochronological
toolkit for Microsoft Excel. Berkeley Geochronological Center,

special publication no 4, pp 1-71

Macaya J, Gonzélez-Lodeiro F, Martinez-Catalan JR, Alvarez F
(1991) Continuous deformation, ductile thrusting and backfold-
ing of cover and basement in the Sierra de Guadarrama,
Hercynian orogen of central Spain. Tectonophysics 191:281-30%

Martins HCB, Sant’@®vaia H, Noronha F (2009) Genesis and
emplacement of felsic Variscan plutons within a deep crustal
lineation, the Penacova—Régua—Verin fault: an integrated geo-
physics and geochemical study (NW Iberian Peninsula). Lithos
111:142-155

Matte P (1986) Tectonics and plate tectonic model for the Variscan
Belt of Europe. Tectonophysics 126:331-334

Matte P (2001) The Variscan collage and orogeny (480 + 290 Ma)
and the tectonic definition of the Armorica microplate: a review.
Terra Nova 13:122-128

Matainson JM (2005) Zircon U-Pb chemical abrasion (“CA-TIMS”)
method: combined annealing and multi-step partial dissoludon
analysis for improved precision and accuracy of zircon ages.
Chem Geol 220:47-66

Miller CF, McBowell SM, Mapes RW (2003) Hot and cold granites?
Implications of zircon saturation temperatures and preservation
of inheritance. Geology 31:528-532

Montero P, Bea F, Zinger T (2004) Edad 207pb/ %P en cristal tinico
de circon de las rocas maficas y ultramaficas del sector de
Gredos, batolito de Avila (Sistema Central Espariol). Revista de
la Sociedad Geoldgica de Espaiia 17:157-167

Montero P, Talavera C, Bea F, Lodeiro FG, Whitehouse MJ (2009)
Zircon geochronology of the @1lo de Sapo formation and the age
of the Cambro-@rdovician rifiing in Iberia. J Geol 117:174-191

Moreno-Ventas I, Rogers G, Caswo A (1995) The role of hybridiza-
tion in the genesis of the Hercynian granitoids in the Gredos
Massif, Spain: inferences from Sr—Nd isotopes. Contrib Miner
Pewol 120:137-149%

Neiva AMR, Williams IS, Ramos JMF, Gomes MEP, Silva MMVG,
Antunes IMHR (2009%) Geochemical and isotopic constraints on
the petrogenesis of early @rdovician granodiorite and Variscan
two-mica granites from the Gouveia area, cenwal Portugal
Lithos 111:186-202

®rejana B, Villaseca C, Billstrom K, Paterson BA (2008) Petrogen-
esis of Permian alkaline lamprophyres and diabases from the
Spanish Central System and their geodynamic context within
Western Europe. Conwrib Miner Petrol 156:477-500

@rejana B, Villaseca C, Pérez-Soba C, Lopez-Garcia JA, Billstrom K
(2009) The Variscan gabbros fromthe Spanish Central System: a
case for crustal recycling in the sub-continental lithospheric
mantle? Lithos 110:262-276

@rcjana B, Villaseca C, Armstrong RA, Jeffries TE (2011) Geochro-
nology and trace element chemistry of zircon and garnet from
granulite xenoliths: constraints on the tectonothermal evolution
of the lower crust under central Spain. Lithos 124:103—-116

Pérez Estatin A, Bastida F (1990) Pre-mesozoic geology of Iberia. In:
Pallmayer R, Martinez Garcia E (eds) Pre-mesozoic geology
of Iberia. Springer, Berlin, pp 55-6%

Pérez-Soba C, Villaseca C, Gonzalez del Tanago J, Nasdala L (2007)
The composition of zircon in the Hercynian peraluminous
granites of the Spanish Cental System batholith. Can Miner
45:509-527

Pidgeon RT, Nemchin AA, Hitchen GJ (1998) Internal swuctures of
zircons from Archaean granites from the Warling Range
batholith: implications for zircon stability and the interpretation
of zircon U-Pb ages. Contrib Miner Petrol 132:288-29%

Pinarelli L, Rottura A (1995) Sr and Nd isotopic study and Rb—Sr
geochronology of the Béjar granites, Iberian Massif, Spain. Eur J
Miner 7:577-58%

Pupin JP (2000) Granite genesis related to geodynamics from Hf—Y in
zircon. Edinb Geol Soc Trans Earth Sci 91:245-256

Ribeiro A, Munha J, Fonseca PE, Aratijo A, Pedro JC, Mateus A,
Tassinari C, Machado G, Jesus A (2010) Variscan ophiolite belts
in the @ssa-Morena zone (southwest Iberia): geological charac-
terizadion and geodynamic significance. Gondwana Res
17:408-421

Roberts MP, Pin C, Clemens JB, Paquette JL (2000) Pexogenesis of
mafic to felsic plutonic rock associamons: the calc-alkaline
Quérigut complex, French Pyrenees. J Petrol 41:809—844

Scarrow JH, Bea F, Montero P, Molina JF, Vaughan APM (2006) A
precise late Permian “*Ar/*®Ar age for Cental Iberian camp-
tonikic lamprophyres. Geol Acta 4:451-45%

Scarrow JH, Molina JF, Bea F, Montero P (200%) Within-plate calc-
alkaline rocks: insights from alkaline mafic magma—peralumi-
nous crustal melt hybiid appinites of the Central Iberian
Variscan continental collision. Lithos 110:50-64

Schaltegger U (1997) Magma pulses in the central Variscan Belt:
episodic melt generation and emplacement during lithospheric
thinning. Terra Nova 9:242-245

Schaltegger U, Corfu F (1995) Late Variscan “basin and range”
magmatism and tectonics in the Central Alps: evidence from U-
Pb geochronology. Geodin Acta 8:82—98

Serrano Pinto M, Casquet C, Ibarrola E, Corretgé LG, Portugal
Ferreira M (1987) Sintese geocronologica dos granitoides do
Macico Hesperico. In: Bea F, Camicero A, Gonzalo JC, Lopez
Plaza M, Rodriguez Alonso M® (eds) Geologia de los granito-
ides y rocas asociadas del Macizo Hespérico. Rueda, Madrid,
pp 698

Sola AR, Williams IS, Neiva AMR, Ribeiro ML (2009) U-Th-Pb
SHRIMP ages and oxygen isotope compositon of zircon from
two conwrasing late Variscan granitoids, Nisa-Albugquerque
batholith, SW Iberian Massif: petrologic and regional implica-
tions. Lithos 111:156-167

Stacey JS, Kramers JB (1975) Approximation of terrestrial lead
isotope evolution by a two-stage model. Earth Planet Sci Lett
26:207-221

Sun SS, McPonough WF (1989%) Chemical and isotopic systematics
of oceanic basalts; implications for mantle composition and
processes. In: Saunders AB, Norrey MJ (eds) Magmatism in
ocean basins. Blackwell, geological society of special publica-
tion no 42, @xford, pp 313-345

Teixeira RJS, Neiva AMR, Silva PB, Gomes MEP, Andersen T,
Ramos JM (2011) Combined U-Pb geochronology and Lu—Hf
isotope systematics by LAM—ICPMS of zircons from granites
and metasedimentary rocks of Carrazeda de Ansiaes and Sabugal
areas, Portugal, to constrain granite sources. Lithos 125:321-334

Timmerman MJ (2008) Palacozoic magmatism. In: McCann T (ed)
The geology of Cenwal Europe, vol 1. Precambrian and
Palacozoic. Geol Soc Lond, pp 665-748

Ugidos JM, Recio C (1993) @rigin of cordierite-bearing granites by
assimilation in the Central Iberian zone, Spain. Chem Geol
103:27-43

Valle Aguado B, Azevedo MR, Schaltegger U, Martinez-Catalan JR,
Nolan J (2005) U-Pb zircon and monazite geochronology of
Variscan magmatism related to syn-convergence extension in
Cenwral Northern Portugal Lithos 82:169-184

Valverde-Vaquero P (1998) An integrated field, geochemical and U-
Pb geochronological study of the southwest hermitage flexure
(Newfoundland Appalachians, Canada) and the Sierra de Gua-
darrama (Iberian Massif, central Spain): a contribution to the
understanding of the geological evolution of circum-Atlantic



peri-Gondwana. PhB thesis, Memorial University of Newfound-
land, Canada

Valverde-Vaquero P, Bunning GR (2000) New U-Pb ages for early
@rdovician magmatism in Central Spain. J Geol Soc Lond
157:15-26

Valverde-Vagquero P, Borr W, Belka Z, Franke W, Wiszniewska J,
Schastok J (2000) U—Pb single-grain datng of detrital zircon in the
Cambrian of cenwal Poland: implications for Gondwana versus
Baliica provenance studies. Earth Planet Sci Lett 184:225-240

Valverde-Vaquero P, Biez-Balda MA, Biez-Montes A, Borr W,
Escuder-Viruete J, Gonzalez-Clavijo E, Maluski H, Rodriguez-
Femandez LR, Rubio F, Villar P (2007) The “hot orogen”: two
separate Variscan low-pressure metamoiphic events in the
Central Iberian zone. Geol de la France 2007:168

Villaseca C, Barbero L (19%94) Estimacion de las condiciones de
metamorfismo hercinico de alta presion de la Sierra de Guadar-
rama. Geogaceta 16:27-30

Villaseca C, Herreros V (2000) A sustained felsic magmatic system:
the Hercynian granitic batholith of the Spanish Central System.
Edinb Geol Soc Trans Earth Sci 91:207-219

Villaseca C, Eugercios L, Snelling LJ, Huertas MJ, Castellon T
(1995) Nuevos datos geocronologicos (Rb—Sr, K—Ar) de grani-
toides hercinicos de la Sierra de Guadarrama. Revista de la
Sociedad Geoldgica de Espana 8:129-140

Villaseca C, Barbero L, Rogers G (1998) Crustal origin of Hercynian
peraluminous granisic batholiths of central Spain: petrological,
geochemical and isotopic (Sr, Nd) arguments. Lithos 43:55-79

Villaseca C, Downes H, Pin C, Barbero L (1999%) Nature and
composition of the lower continental crust in central Spain and
the granulite-granite linkage: inferences from granulitic xeno-
liths. J Petrol 40:1465—1496

Villaseca C, @rejana B, Pin C, Lopez Garcia JA, Andonaegui P
(2004) Le magmatisme basique hercynien et post-hercynien du

Systéme Central Espagnol: essai de caracterisation des sources
mantelliques. C R Géosci 336:877—-888

Villaseca C, Bellido F, Pérez-Soba C, Billstrom K (200%) Multiple
crustal sources for post-tectonic I-type granites in the Hercynian
Iberian belt. Miner Petrol 96:197-211

Villaseca C, @rejana B, Belousova E, Armstrong RA, Pérez-Soba C,
Jeffries TE (2011) U—Pb isotopic ages and Hf isotope compo-
siion of zircons in Variscan gabbros from central Spain:
evidence of varable crustal contamination. Miner Petrol
101:151-167

Von Raumer JF, Bussy F, Stampfli GM (2009) The Variscan
evolution in the external massifs of the Alps and place in their
Variscan framework. C R Geosci 341:239-252

Wiedenbeck M, Alle P, Corfu F, Griffin WL, Meier M, @berli F, Von
Quadt A, Roddick JC, Spiegel W (1995) Three natural zircon
standards for U-Th—Pb, Lu—HI, trace element and REE analyses.
Geostand Newslett 19:1-23

Williams IS (1998) U-Th-Pb geochronology by ion microprobe. In:
McKibben MA, Shanks WCP, Ridley WI (eds) Applications of
microanalytical technigques to understanding mineralizing pro-
cesses. Rev Econ Geol 7:1-35

Zeck HP, Wingate MTD, Pooley G, Ugidos JM (2004) A sequence
of Pan-African and Hercynian events recorded in zircons from an
orthogneiss from the Hercynian belt of western central Iberia—
an ion microprobe U-Pb study. J Petrol 45:1613-1629%

Zeck HP, Whitehouse MJ, Ugidos JM (2007a) 496 + 3 Ma zircon ion
microprobe age for pre-Hercynian granite, Central Iberian zone,
NE Portugal (earlier claimed 618 + % Ma). Geol Mag
144:21-31

Zeck HP, Wingate MTD, Pooley G (2007b) Ion microprobe U-Pb
zircon geochronology of a late tectonic graniic—gabbroic rock
complex within the Hercynian Iberian belt. Geol Mag 144:157—
177



	IJES2012_Página_01
	IJES2012_Página_02
	IJES2012_Página_03
	IJES2012_Página_04
	IJES2012_Página_05
	IJES2012_Página_06
	IJES2012_Página_07
	IJES2012_Página_08
	IJES2012_Página_09
	IJES2012_Página_10
	IJES2012_Página_11
	IJES2012_Página_12
	IJES2012_Página_13
	IJES2012_Página_14
	IJES2012_Página_15
	IJES2012_Página_16
	IJES2012_Página_17
	IJES2012_Página_18
	IJES2012_Página_19
	IJES2012_Página_20
	IJES2012_Página_21
	IJES2012_Página_22
	IJES2012_Página_23
	IJES2012_Página_24
	IJES2012_Página_25
	IJES2012_Página_26
	IJES2012_Página_27

