U-Pb isotopic ages and Hf isotope composition of zircons
in Variscan gabbros from central Spain: evidence of variable

crustal contamination
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Abstract len micreprebe U-Pb analyses of zircens frem
three gabbreic intrusiens frem the Spanish Central System
(SCS) (Talavera, La Selanilla and Navahermesa) yield
Variscan ages (300 te 305 Ma) in agreement with recent
studies. @nly twe zircen crystals frem La Selanilla massif
gave slightly discerdant Paleepreterezeic ages (1,848 and
2,010 Ma). Hf isetepe data shew a relatively large variatien
with the juvenile end-members shewing €Hf; values as high
as +3.6 te +6.9 and +1.5 te +2.9 in the Navahermesa and
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Talavera gabbres, respectively. These pesitive €Hf; values up
te +6.9 might represent the cempesitien of the subcentinen-
tal mantle which generates these SCS gabbres. This €Hf;
range is clearly belew depleted mantle values suggesting the
invelvement of enriched mantle cempenents en the erigin of
these Variscan gabbres, and is censistent with previeus
whele-reck studies. The presence ef zircens with negative
€Hf; values suggest variable, but significant, crustal centam-
inatien ef the gabbres, mainly by mixing with ceeval granite
magmas. Inherited Paleepreterezeic zircens of La Selanilla
gabbres have similar trace element cempesitien (e.g. Th/U
raties), but mere evelved Hf-isetepe signatures than asseci-
ated Variscan zircens. Similar inherited ages have been
recerded in zircens frem ceeval Variscan graniteids frem the
Central Iberian Zene. Granitic recks have Nd medel ages
(Tpy) predeminantly in the range of 1.4 te 1.6 Ga,
suggesting a juvenile additien during the Preterezeic.
Hewever, Hf crustal medel ages of xenecrystic Preterezeic
zircens in La Selanilla gabbre indicate the presence ef
rewerked Archean preteliths (Tpy, medel ages of 3.0 te
3.2 Ga) incerperated inte the hybridized mafic magma.

Introduction

Gabbreic intrusiens are scarce during the fermatien ef the
huge granitic batheliths ef late Variscan age which eutcrep
in western and central Eurepe (e.g. Liew et al. 1989; Bea et
al. 1999). Altheugh miner in velume, their existence
reveals mantle participatien during this intracentinental
eregenic event and is impertant in the discussien en
petregenctic medels of granite generatien. In the inner
parts ef the Iberian Variscan Belt mest mafic intrusiens
have calc-alkaline whele-reck cempesitien. Nevertheless,



the mest recent medels en their genesis invelve a pest-
cellisienal within-plate tectenic setting net censistent with
subductien during these late stages of the Variscan cellisien
(Scarrew et al. 2009; @rcjana ct al. 2009).

In central Spain twe different medels on the erigin and
nature of the Variscan mafic magmatism have been recently
prepesed. These magmas have been censidered as being
fermed frem primary alkaline mafic melts of appinitic
affinity mixed with crustal peralumineus granite magmas
during successive emplacement events (Scarrew et al
2009; Melina ct al. 2009). Seme mafic-ultramafic facies
are rich in exetic accesseries, interpreted as crustally-
derived xenecrysts (Bea et al. 1999). In a secend medel,
they have been described as calc-alkaline mantle-derived
melts reflecting recycling eof miner centinental crustal
cempenents within the mantle, which ceuld exhibit lecalized
crustal centaminatien (either by assimilatien er magma
mixing) at the emplacement level (@rejana et al. 2009).
Enriched values in the initial Sr-Nd isetepic raties ef the
SCS gabbres (e.g. ENd; ranges frem +3.1 te —1.8; @rejana et
al. 2009) have been explained by the incerperatien ef crustal
cempenents within the subcentinental mantle lithesphere
(1-2% eof subducted centinental material fits the Sr—Nd
isetepic cempesitien eof primitive Mg-rich gabbres in central
Spain, @rejana et al. 2009). Altematively, these isetepic
raties ceuld be explained by significant crustal centaminatien
of mantle-derived magmas at the base eof the thickened
Variscan crust (Bea et al. 1999; Scarrew ct al. 2009).

The study eof zircen has beceme a great reseurce fer
reselving dating and petregenetic questiens. Zircen is a
cemmen accessery mineral in igneeus recks. Its impertance
lies in a cembinatien ef facters: its incerperatien ef trace
elements, its chemical and physical durability and its remark-
able resistance te high-temperature diffusive re-equilibratien.
Fer these reasens, the precise U-Pb dating, the presence of
inheritances, zening patterns, trace element centents and Hf
isetepe cempesitien are all used te track magmatic precesses
(e.g. Beleusevaetal. 2006; Miller et al. 2007). In this respect,
the cembined study eof mineral chemistry (including Hf
isetepe cempesitien) and U—Pb geechrenelegy within single
zircen grains in gabbreic infrusiens is a preven test fer
evaluating crustal centaminatien precesses (e.g. Peytcheva et
al. 2008).

The aim ef this werk is te better censtraint the geechre-
nelegy ef the Variscan gabbres in central Spainand te discuss
the rele of crustal centaminatien: during magma transpert er
by metasematism in the mantle seurce. Three gabbre massifs
frem the Spanish Central System (SCS) were sampled fer this
study (Talavera, La Selanilla and Navabermesa) (Fig. 1).
Mineral chemistry and whele-reck chemical characterization
of these mafic massifs, including Sr—Nd-Pb isetepic
signatures, have been described previeusly (@rejana et al.
2009). Te eur knewledge, this is the first attempt at dating

Variscan gabbres in central Spain using SHRIMP metheds in
cembinatien with LA-ICPMS zircen trace element geechem-
istty and LA-MC-ICPMS Hf isetepe analysis.

Geological setting

The Spanish Central System (SCS) is a meuntain range
cempesed mainly ef felsic metamerphic recks and peralu-
mineus granites (e.g. Villaseca et al. 1998; Bea et al. 1999).
The SCS peralumineus bathelith is ene ef the majer granite
eutcreps within the Central Iberian Zene, which is the
innermest part of the Iberian Variscan Belt (Fig. 1). This
felsic bathelith mestly cemprises menzegranites whese
emplacement ages have been estimated in the range of 323
te 284 Ma (whele-reck Rh-Sr, Villaseca et al. 1998 and
references therein), pest-dating the regienal metamerphic
peak (areund 330 Ma, after Castifieiras et al. 2008). These
intrusiens have been classified in three suites: 1) S-type
cerdierite-bearing graniteids, 2) I-type bietite (amphibele)-
bearing graniteids, and 3) transitienal bietite graniteids ef
intermediate peralumineus cempesitien (Villaseca and
Herreres 2000). The erigin of the SCS granites has been
explained as the result of: a) hybridizatien between crustal
melts and mantle-derived magmas (e.g. Pinarelli and
Rettura 1995; Merene-Ventas et al. 1995); b) crustal
assimilatien ef mantle-derived magmas (Ugides and Recie
1993; Castre ct al. 1999); and c) partial melting of mainly
crustal seurces, either frem mid-crustal levels (Bea et al
1999, 2003) or of lewer crustal derivatien (Villaseca et al.
1999). A cemplementary character in cempesitien between
SCS granites and seme lewer crustal granulite xeneliths
carried by the SCS Permian alkaline dykes, and the geed
match in initial Sr—Nd-@-Pb isetepe raties, peints te the
lewer crust as the mest likely crustal seurce fer the fermatien
of the SCS bathelith (Villaseca et al. 1999, 2007).

The miner mafic intrusiens were initially described by
France and Garcia de Figuerela (1986) and France and
Sanchez Garcia (1987) in the western SCS and were
censidered te be the mafic precursers of the felsic graniteids,
and the main heat centributers te Variscan metamerphism.
Later studies neted the hybridized nature ef mest ef these
intrusiens due te their ceeval intrusien with granitic magmas
(e.g. Merene-Ventas et al. 1995; Mentere ct al. 2004). In this
sense, the gabbreic samples selected for this study are these
that are mere primitive in cempesitien and apparently
uncentaminated (see alse @rejana et al. 2009), lacking any
petregraphical feature eof either assimilatioen with high-grade
metamerphic wall-recks (La Selanilla massif) er hybridiza-
tien with ceeval granite magmas (Talavera and Navahermesa
gabbres). Accerdingly, there are ne felsic cress-cutting dykes
er intermediate te felsic enclaves within these primitive
gabbreic beulders. In thin sectien they de net shew quartz,



Fig. 1 Geelegical map eof the

Spanish Central System
shewing the lecatien ef the
studied Variscan gabbres
(Talavera, La Selanilla and
Navahermesa), medified frem
France and Garcia de Figuerela
(1986), France and Sinchez
Garcia(1987), and Orejana et al
(2009)
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K-feldspar er Na-rich plagieclase. Plagieclase is net cellular
er spengy in texture and iw chemical variatien defines a rim
te cerc nermal zening (mestly fiem Angs te Ansg). @livine,
erthepyrexene and clinepyrexene have high te mederate Mg
numbers (6.86 te 8.68), which are clese te the cempesitien
of later pargasitic amphibele and phlegepitic mica (@re¢jana
et al. 2009).

Initial attempts te date SCS Variscan gabbres by whele-
reck Rb-Sr isechrens gave imprecise ages of 416+21 Ma
(Pereira et al. 1992), 348+18 Ma (Bea ot al. 1999) er 322+
5 Ma (Casillas et al. 1991), reinfercing the “precurser”
character assigned te the mafic intrusives. Later werks,
based en 2°’Pb/2%Pb dating ef single zircen crysmls gave a
smaller range of ages; i.e. 31943 Ma te 318+3 Ma (Bea et
al. 2003; Mentere ct al. 2084). Recent ien micreprebe data
en mafic intrusiens gave a slightly yeunger age range ef
307+2 Ma (Bea et al. 2006) te 385.6+£1.4 Ma (Zeck et al.
20087), which clearly everlaps the SCS granite intrusien
ages (c.g. Zeck et al. 2007).

Petregraphical features

Talavera gabbre

This massif is lecated in the seuthernmest part ef the SCS
(Fig. 1) and was initially described by Martin Parra et al.

(1995). It creps eut as a 3@ m thick, clengated intrusien ef
medium-te-fine grained massive gabbre in defermed felsic

granites; ne defermatien is ebserved in the gabbres. Sample
T46 is an elivine gabbre with plagieclase, erthepyrexene,
clinepyrexene, elivine, pargasitic amphibele and miner
phlegepite as majer minerals. Cemmen accesseries are
apatite, timnite, ulve-spinel, ilmenite, zircen, baddeleyite,
baritine and sulphide minerals. Twe varieties of baddelely-
ite and zircen eccur in these recks: either as grains er as
lamellar cryswls at the rim ef large ilmenite cryswals, similar
te ether gabbreic recks (Naslund 1987; Austrheim et al
2008; Merisset and Sceates 2008).

Zircen grains appear asseciated with ether accessery
phases (e.g. apatite). In zircen separates, the cryswls are
highly angular, 30 te 258 jum in size (Fig. 2a), representing
fragmenw preduced by crushing larger zircens during
mineral separatien. CL and BSE images reveal bright er
light grey demains defining secter er regular escillatery
magmatic zening. Cere secters have net been feund.

La Selanilla gabbre

This gabbre was first deseribed by France (1586), and France
and Garcia de Figuerela (1986) and classified as appinitic
gabbre. It was deseribed as mafic precurser ef the graniteids.
These gabbres, which in the ficld eccur as iselated metre-
sized beulders, were intruded inte high-grade memmerphic
recks (Fig. 1); they are the enly studied mafic intrusiens
which are net directly related with granites in the field. The
sampled gabbre (T115) is a medium grained reck ef
intergranular texture cempesed ef plagieclase, erthepyrex-
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Fig. 2 Cathedehuniniscence (CL) and back-scatkred clectren (BSE)
images of representative zircens frem the SCS gabbres. Grain numbers
and ages cemespend te thesc listed in Table 1. Analysed €Hf; values (in
1telics) are alse included. a Zircen crystals frem Talavera sample (T46);
seme of them shewing regular magmatic escillatery zening. b Zircens
frem La Selanilla gabbre (T115) can be subdivided inte twe types: large
1diemerphic prisms (with aspect raties 1:3 te 1:4) (T115, #1-2), and
smaller shert-prismatic grains (T115, #3BSE), displaying magmatic
escillatery zening. The shert-prismatic crystals give eold pre-Variscan
ages and are xenecrysts. ¢ Zircens frem Navahermesa gabbre are
angular, ranging n size frem 50 te 200 jum (T131). They vary frem
reunded grains te stubby prisms with magmatic escillatery zening

ene, clinepyrexene, elivine, pargasitic amphibele and phleg-
epite. @livine is usually surreunded by fined-grained
erthepyrexene cerenas. Accessery minerals include apatite,
ulve-spinel, ilmenite, zircen, baddeleyite and sulphides.
Zircen and baddeleyite eccur either as iselated grains er as
small lamellar crystals at the rims ef large ilmenite cryswls.

There are twe types eof zircen grains in La Selanilla
gabbre: a) large (100 250 um) cuhedral clengated prisms
(with aspect raties between 1:3 and 1:4) shewing escilla-
tery magmatic zening, mainly in the rim (Fig. 2b, T115 #
1 2) and b) small (46 88 yum) stubby dark graing with
peerly centrasted zening (Fig. 2b, T115 # 3). A third

variecty ef zircen eccurs as clengated cryswls ef lamellar
aspect defining cerenas areund ilmenite (Fig. 3). Zircen
rims are frem a few pm te 18 pm in thiclness and are
cemmenly discentinueus aleng ilmenite grain beundaries
(Fig. 3). The magmatic ilmenite is typically surreunded by
amphibele er mica, with the thin zircen rim at the very
beundary between ilmenite and these hydreus silicates.

Navahermesa gabbre

This massif cemprises seme small iselated gabbreic eut-
creps within granedierite, altheugh mest field expesures are
restricted te metre-sized, reunded blecks (Fig. 1). It was firstly
described and mapped by France and Sanchez Garcia (1987)
and mere recently dated by Zeck ot al. (2007) at 305.6+
1.4 Ma. These later authers described the gabbres as massive,
medium- te cearse-grained recks, but in their sampling feund
that the tetal medal ameunt ef metamerphic crystals
(amphibele, bietite, serpentine, talc, etc) ceuld reach up te
15 vel%, thus classifying the recks as mewm-gabbrenerites.
The sampled gabbre (T131) centains plagieclase, clinepyr-
exene, erthepyrexene, elivine, pargasitic amphibele and
phlegepite. The eriginal magmatic intergranular texture is
well preserved and the lew ameunt ef secendary minerals is
similar te the ether sampled gabbres, which de net shew
significant metamerphic recrystallizatien. Accessery minerals
are apatite, ilmenite, zircen, baddeleyite and sulphides. Twe
varicties of zircen were feund: a) prismatic graing ef 5@ te
250 um; and b) small lamellar cryswls (<5 jum) which ferm
discentinueus rims areund ilmenite, similar te the ether
studied gabbres (Fig. 3). Mere rarely lamellar zircen can alse
appear as trails inside the ilmenite (Fig. 3). Baddeleyite alse
appears as lamellar crystals with a similar shape and size as
zircen, and eccasienally as radiated laths inside ilmenite.
Zircen is much mere cemmen than baddeleyite in ilmenite
rims in all studied gabbres.

Zircen crystals frem Navahermesa exhibit a similar
angular shape and size range (5 te 208 pm) when
cempared with these fiem Talavera (Fig. 2c), altheugh
partially displaying euhedral faces. They vary frem stubby
prisms te reunded grains and display bright thin margins
with escillatery zening areund larger dark areas.

Analytical precedures
Mineral chemistry

Electren micreprebe (EMP) analyses were carried eut en
pelished thin sectiens at the Centre de Micrescepia
Electrénica “Luis Bru” (Cemplutense University ef
Madrid). Befere micreanalyses, mest ef the thin sectiens
have been studied using a SEM equipped with an energy-



Fig. 3 BSE images of lamellar
zircen rims areund i1lmenik in
seme Variscan gabbres frem the
SCS. Mest 1. menite is sur-
reunded by lae-magmatic H,O-
rich phases, mestly Ti-rich
kaersutite (the black area of the
images, Amphibole). Zircen
rims de net censtitute a centin-
ueus thin film areund 1 menite,
semetimes lamellar zircen
appears as trails inside 1. menite

dispersive spectremetric system. Backscattered electren
images were used as a guide during micreprebe analysis.
Zircen majer clement cencentratiens were ebtained by a
wavelength dispersive electren micreprebe JE®L Superprebe
JXA 8008-M cquipped with feur crystal spectremeters.
®perating cenditiens were between 15 and 28 kV, a beam
current ef appreximately 58 nA, and spew ef 2 m in
diameter. Ceunting times were set at 20 s en the peak and 18 s
en the backgreund fer Si and Zr, and 6@ s en the peak and 3@ s
en the backgreund ferTi, Al, Fe, Mg, Ca, P, Hf, Th, U and Y.
Abselute abundances fer each element were determined by
cemparisen with synthetic REE phesphates prepared by
Jaresewich and Beatner (1991), and natural minerals fer Zr,
Y, U and Th. Cerrectiens were made using an en-line ZAF
methed. Errer limits fer each element depend strengly en the
abselute cencentratien in each phase but are significant fer the
<1 wt% level (with errer >10%). Cencentratiens belew
0.2 wtY%e are merely qualitative. The Th@®;, U®;, Y,®;5 and
P,@; centens ef lamellar zircen areund ilmenite (zircen
rims) are always belew detectien limin (0.08 wt¥% Th@;,
0.13 wt¥% U®;, 0.08 wtY% Y.@; and 0.07 wt% P,@s).

In situ determinatiens ef cencentratiens ef 38 trace
elemenw (REE, Ba, Rb, Sr, Th, U, Nb, Ta, Pb, Zr, Hf) Y,
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Sc,V, Ce, Zn and Cr) in zircen by laser ablatien (LA-ICP-
MS) were ebwmined at the Natural Histery Museumn ef
Lenden using an Agilent 7508CS ICP-MS ceupled te a
New Wave UP213 laser seurce (213 nm frequency-
quadrupled Nd-YAG laser). The ceunting time fer enc
analysis was typically 98 s (48 s measuring gas blank te
establish the backgreund and 5@ s fer the remainder ef the
analysis). The diameter of the laser beam was areund
5@ ym. The NIST 612 glass standard was used te calibrate
relative element sensitivities fer the analyses ef the silicate
minerals. Each analysis was nermalised te Si using
cencentratiens determined by electren micreprebe. Wetec-
tien limits fer each element are in the range ef 0.81 te
0.86 ppm except fer Sc and Cr (0.11 and 6.73 ppm,
respectively).

Zircen U Pb dating

Zircens were separated frem whele reck using swndard
crushing and mineral separatien technigques, and hand
picked befere meunting en deuble-sided twape en glass
slides in 1x 6 mm parallel rews tegether with seme chips of
zircen standard TEM@RA 1 (Black et al. 2083). After



setting in epexy resin, zircens were ground dewn te expese
their central pertiens and imaged with transmitted and
reflected light en a petregraphic micrescepe, and with
cathedeluminescence en a HITACHI S2250-N scanning
electren micrescepe (heused at ANU-Canberra) te identify
intemal structure, inclusiens, fractures and physical defects.
Lamellar zircen, due te its extremely small size (<10 pun),
was net pessible te cencentrate.

Zircen U-Pb analyses were dene using a Sensitive High
Reselutien len Micreprebe-Reverse Geemetry (SHREVIP-
RG) at the Research Scheel ef Earth Sciences, Australian
Natienal University, fellewing precedures given in Williams
(1998, and references therein). Each analysis censisted of six
scans threugh the relevant mass range with the TEM@®RA
reference zircen grains analysed fer every three unknewn
analyses. Secendary iens are generated frem the target spet
with an @ primary ien beam which typically preduces a
spet with a diameter of ~20 (un and a depth of 0.5-1 um.

Data were reduced using the SQUID Excel Macre of
Ludwig (2001). The Pb/U raties were nermalised te a value
of 0.0668 for the TEM@RA reference zircen, equivalent te
an age of 417 Ma (Black et al. 2003). Cencentratien data
are nermalized against zircen standard SL13 (210 ppm U,
Black et al. 2004). Uncertainties given in Table 1 fer
individual analyses are at the 10 level. Wetherill (1956) and
Tera and Wasseburg (1972) Cencerdia plets and weighted
mean calculatiens were carried eut using Iseplet 3.0
seftware (Ludwig 2003), with uncertainties reperted as
95% cenfidence limits.

Zircen Lu—Hf isetepe analysis

Hf isetepe analyses were catried eut in situ using a New
Wave Research LUV213 laser-ablatien micreprebe, at-
tached te a Nu Plasma multi-cellecter I[CPMS at GEM@C,
Macquarie University, Sydney. The laser system delivers a
beam of 213 nmUV light frem a frequency-quintupled Nd:
YAG laser. Analyses were carried eut with a beam diameter
of 40 te 55 [um, a 5 Hz repetitien rate, and energies of abeut
0.1 mJ. This results in tetal Hf signals of ~1-6-10 "'A,
depending en cenditiens and Hf centents. Typical ablatien
times are 100-120 s, resulting in pits 30-40 pun deep. He
carrier gas transperts the ablated sample frem the laser-
ablatien cell via a mixing chamber (Ar) te the ICPMS
terch. The Nu Plasma MC-ICPMS features and ether
analytical techniques are these described by Griffin et al
(2002, 2004). The same spets analysed by SHRIMP were
targeted fer Hf analysis.

Te evaluate the accuracy and precisien of the laser-ablatien
results, and te test the reliability of the cerrection pretecels,
we have repeatedly analysed twe zircen standards, 91500 and
Mud Tank (MT). These reference zircens gave ' "°Hf/*""Hf =
0.282317+0.000041 (20) and 0.282505+-0.000044 (20),

respectively, which are identical te average published values
en selutiens (0.282306+0.000008 fer 91500 and 0.282507+
0.000006 for MT, Weedhcad and Hergt 2005). The 20
uncertainty en a single analysis of '"Lu/'”"Hf is +0.001—
0.002% (abeut 1 epsilen unit), reflecting beth analytical
uncertainties and the spatial variatien ef Lu/Hf acress many
zircens. The '"®Lu decay censtant value of 1.865+10 "a !
was used in all calculatiens (Scherer et al. 2001). Chendritic
YSHE'""Hf=0.282772 and '°Lu/'7"Hf=0.0332 (Beuvier et
al. 2008) and the depleted mantle '"*Hf'7"Hf = 0.28325
(Eg=116.4) and '"°Lu/'’"Hf=0.0384 were applicd te
calculate €y values and medel ages used in this werk.

Results
U-Pb zircen ages

The whele analytical data set is listed in Table 1 and pletted
in Tera-Wasserburg Cencerdia diagrams (Fig. 4). Ages
yeunger than 1,000 Ma are 204-cerrected 2**Pb/>*®U,
whereas elder ages are 204-cerrected “*’Pb/ *“Pb (enly
twe analyses in this case, Table 1).

Twenty U-Pb analyses were perfermed en different
zircen grains frem Talavera sample T46 (Table 1). ®n a
Tera-Wasserburg diagram they plet cencerdantly and the
weighted mean eof the radiegenic 2**Pb/>*%U ages is 305.4+
3.2 Ma with ne excess scatter (MSWD=0.94) (Fig. 4). This
age is interpreted as the emplacement age of the Talavera
gabbre.

Only feur zircen grains have been separated frem La
Selanilla (sample T115). Five U-Pb analyses were
perfermed en these feur zircen grains. Three data frem
clengated prisms are cencerdant whereas the twe small
stubby grains give discerdant ages of 1,848+5 and 2,010+
12 Ma, altheugh they shew less than 10% discerdancy.
Weighted mean eof the three cencerdant data yields an age
0300355 Ma MSWD=0.62) (Fig. 4). Hewever, zircen
grains frem this sample are crustal-derived antecrysts, as
will be discussed belew. Thus, the abeve data must
represent a maximum value fer the gabbre emplacement
age.

Fight analyses were ebtained en eight different zircen
grains frem Navahermesa (sample T131). The mean
206pp/23ty age is 301+£3.4 Ma with ne excess scatter
MSWD=14) (Fig. 4). This age is within errer of that
ebtained by Zeck et al. (2007) fer the same gabbre massif
(305.6=1.4 Ma).

Zircen trace element cempesitien

Zircens with high Th/U values are recerded beth by laser
analyses and SHRIMP data. Hewever, Th/'U raties deter-



Table 1 U-Th-Pb SHRIMP data ef zircen, SCS Variscan gabbres

Spetnumber Cemmen **Pb (%) U (ppm) Th (ppm) TWU 25UP°Pb % 2Pb/2%Pb  +%  Z'UAPL*  +% 2PbRYPb* %  Pu/2'U 2% 2PbA*Uage 7Pb°Pb age
Talavera (T46)

L1 0216 59 034 061 2082613 17 65411 35 2082613 17 085411 35  0.64802 17 362 51 376 =78
2.1 <0.001 324 192 061 2033039 12 85194 15 2036967 12 0.05041 23 0.64909 12 309 £35 214 =54
3| 0370 111 73 068 2036931 14 065549 26 2036931 14 0.85549 26  0.04900 14 309 44 432 +57
4.1 0.403 150 103 671 2052033 13 605578 22 2062622 13 85157 32 604848 13 305 4 266 +£74
5.1 <0.001 339 189 058 2001688 12 065215 15 2001088 12 085215 15 064782 12 301 34 202 +34
6.1 0.474 108 103 099 2051335 21 085613 29 2091335 21 005613 29 64782 21 381 61 458 +£64
! <0.001 95 76 083 2058697 15 065214 28 2058697 15 065214 28  0.04857 15 306 45 291 +64
81 <0.001 98 82 087 2077927 15 684981 28 2077927 15 0.84981 28  0.84812 15 303 44 186  +66
9.1 <0.001 162 75 076 2048097 1.6 0.85246 27 2048097 16  0.85246 27  0.04883 16 387 47 386 =61
10.1 0121 154 113 076 2070207 14 085330 22 2077636 14 005674 41 084815 14 303 42 29 +9%4
11.1 0.129 140 140 103 2169175 14 85333 43 2169175 14 005333 43 004741 14 299  +42 343+ 97
121 0.823 168 217 134 2046556 13 605908 2 2057166 1.4 0.85259 64 084861 14 366 41 311 +140
13.1 0.195 285 199 072 2057451 12 0.85483 16 2059415 12 085326 18  0.84856 12 386 £36 348 =40
14.1 0.038 274 299 113 2016064 12 085291 17 2019653 12 065172 19 064953 12 312 437 273 =4
15.1 0106 181 192 110 2036451 13 085338 21 2036451 1.3 005338 21 084911 13 309  £39 345 x4
16.1 0518 129 123 008 2039880 14 085665 23 2055772 14 0.05643 62 004864 14 306 43 215 +140
17.1 <0.001 139 111 082 2053080 1.4 005202 24 2053080 14 005202 24 064871 14 307 x4l 286 +55
181 0288 478 565 122 2102436 17 085461 13 2185614 17 085348 18 064749 17 299 249 346 +41
19.1 0.497 115 98 080 2020874 14 0.65635 25 2089192 15 005316 45  0.64787 15 301 43 336 =100
20.1 0.037 663 906 141 2058892 11 85276 1.1 2058892 11 85276 11 084857 1.1 386 £33 318 25
La Selanilla (T115)

11 (X5 524 320 063 2077366 1.5 0.85262 12 207366 15  0.85262 12 684814 15 383 44 313 27
2 <0.001 336 94 029 2069336 28 085154 1.5 2069336 28 085154 15  0.483 28 384 82 265 435
22 <0.001 567 158 029 2114608 1.1 065205 12 2113686 1.1  0.65263 13  6.84732 11 298 +£32 313 £30
31 <0.001 355 72 021 265297 L1 012383 @68 265342 11 012368 69 037687 1.1 2,862 19 2018  +I2
4.1 1.03 1,268 789 064 326041 18 011361 628 326272 16 011300 03 636649 18 1723  xl6 1,848 £5
Navahermesa (T131)

1.1 032 1,010 635 065 2112118 15 065482 11 2114814 15 085380 13 084729 15 298 45 363 £30
21 0.13 2695 1,839 e71 2051994 18 65352 046 2055629 1.0  0.65234 066  0.04866 18 306 3.1 308 +15
3.1 (X7 956 848 052  21.08363 11 065268 692 2162381 11 065191 699 064757 11 308 3.1 281 £23
4.1 (X7} 1332 861 067 2089399 1.8 0.65249 13 20.89399 1.8  0.65249 13  0.04786 18 361 3.1 367 £29
5.1 (X7} 8¢7 359 046 2061572 11  0.8526 054 2061330 11  0.65269 695 084851 11 385 £32 316 +22
6.1 <0.001 2177 3,922 186 21.19644 1.0 005218 06 2120064 16  0.65203 061 004717 18 297 43 287 £l4
2l 005 1,154 551 049 2089012 1.1  0.85277 682 2089612 11  0.65277 082  0.64787 11 361 3.1 319 +19
81 (] 528 227 044 2127781 11  0.85564 11 2135893 11  0.85259 17  0.84682 11 295 32 311 +39

All errers are 1o

“Radiogenic lead 204Ph corrected for common lead
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Fig. 4 Tera-Wasseburg diagrams with data fer the SCS Variscan
gabbres. Grey ellipses cerrespend te the weighted mean ages (errer
ellipses are + 20)

mined by LA-ICPMS metheds are slightly higher te these
ebtained by SHRIMP-RG technigques (Tables 1 and 2), as
abselute values between beth metheds ceuld differ by te up
te three times. Th and U centen® discussed threugheut the
text refer te dam ebtained by LA-ICPMS.

Zircens frem the three samples shew seme distinctive
chemical features. Zircen frem Navahermesa gabbre have
higher Th, U and Pb centen® than these frem the ether
massifs (Fig. 5) (Table 2), in agreement with the
cerrespending higher Th, U and Pb whele-reck centenw
of these recks (@rejana ot al. 2009). Zircen frem La
Selanilla gabbre shews the highest Hf, Ga, Ta, Nb and Sc
centents (Table 2). The chendrite-nermalised REE pattern
of zircen frem the studied gabbres (Fig. 6) shews a similar
trend with a marked enrichment of HREE ever MREE (Gdy/
Yby=0.18 0.82 fer Yby=116 6966) and LREE. A pesitive
Ce anemaly (Ce/Ce*=1.75 111.8) is ebserved and alse a
negative Eu anemaly ef variable magnitude (Eu/Eu*=0.02
0.38), cxcept for three grains frem the Navahermesa gabbre,
which has ne Eu anemaly er a pesitive ene (grains 3.1 and
6.1, Table 2, with Ew/Eu*=1.3 te 2.0). The lack ef negative
Eu anemaly suggests zircen crystallizatien in the absence ef
plagieclase (see Renna and Tribuzie 2069).

The stubby grains ef La Selanilla gabbre are much elder
than the Variscan magmatic zircen and they are presurnably
xeneearystic. These inherited zircens frem La Selanilla have
similar cempesitien when cempared with the large idiemer-
phic zircen graing frem the same sample (Fig. 5), altheugh
slightly lewer U, Th, Y and HREE cencentratiens are
detected (Table 2). Nevertheless, their Th/U raties clearly
everlap these of the clengated zircens (0.24 6.7¢ and .35
0.65, respectively). These high Th U raties in zircens frem La
Selanilla are suggestive of magmatic cryswlliaatien (Heskin
and Schaltegger 2003). @nc of the inherited zircens fiem La
Selanilla (T115-3.1) has a marked flat HREE pattern (Fig. 6),
suggestive of equilibratien with anether HREE-bearing phase
(garnet, xenetime) (¢.g. Rubatte and Hermann 2067).

Ti-in-zircen temperature estimates

The direct applicatien ef Ti cencentratien te calculatien ef
zircen cryswmllizatien temperatures of mafic recks is still a
matter of debate because it usually gives tee low temperature
estimates (Wawen ctal. 2006; Fu ct al. 2008). Cerrected Ti-in-
zircen cryswmllizatien temperatures using the recalibrated Ti-
in-zircen cquatien ef Ferry and Waken (2087) have been
calculated for the analyzed zircens (Table 2). Based en the
general absence of rutile and quartz in these gabbres,
implying that beth are; and as;ez are <1, we have assuned
intermediate arigz and asigz values of 8.7 fer all samples,
cemparable te these used in ether quartz-undersaturated
gabbres lacking feldspatheids (e.g Waken et al. 2006,
Grimes ¢t al. 2089). Calculated values result in a mederate
increase in calculated temperatures of a maximum ef 18°C as
cempared te these assuming ariez and asiez=1, because
reduced activities of Si®; and Ti®; cempensate fer enc
anether in terms ef their effect in calculated T (Ferry and
Wanen 2087). The pressure dependence ef the Ti-in-zircen



Table 2 Representative zircen wace element (LA-ICPMS) cempesitien (in ppm), SCS Variscan gabbres

Massif Talavera (T46) Selanilla (T115) Navahermesa (T131)

Sample 4.1 71 14.1 20.1 2.1 1.1 22 3.1 inher. 4.1 inher. 1.1 31 4.1 6.1 71
Sc 186 173 183 185 299 368 292 417 164 175 176 295 210 180
Cr 1.95 2.64 2.15 2.39 2.33 2.60 1.71 2.19 1.81 2.83 1.9¢ 2.5 2.25 1.74
Ti 7.7% 11.21 2218 11.69 3.96 7.01 6.41 10.61 13794, 3.30 3.18 4.14 4.38 2.28
Rb .15 0.08 0.23 0.21 0.16 0.51 0.0 [ AU 0.06 011 0.17 0.23 0.27 011
Sr 010 010 0.19 0.20 0.23 0.30 018 011 .15 .18 0.34 0.17 0.25 0.13
Ba 0.06 0.08 002 007 0.03 0.57 0.11 .09 0.0° .11 022 0.0 0.13 0.18
Nb 029 0.49 1.82 0.74 4.68 3.42 3.53 0.51 7.34 .19 011 4.71 0.51 0.22
Ta 0.26 0.44 1.20 0.78 4.52 2.48 3.5 0.28 2.93 0.13 011 8.79 1.11 0.45
Hf 12,700 13,800 11,100 12,200 19,100 19,100 19,500 19,600 18,300 7,740 10,800 9,940 11,400 9,950
Pb 4.37 241 12.80 14.2 3.02 7.64 3.32 544 2442 345 23.6 390 98.6 827
Th 261 146 663 865 181 444 225 47.3 239 1,950 1,300 2,160 5,540 1,790
U 138 934 274 403 524 680 457 201 340 1,540 882 1,690 2,020 1,280
X 1,050 1,180 3,090 2,540 2,090 4,350 1,610 1,110 603 1,400 943 2,780 3,870 2,050
La 0012 0.026 0.137 ele 0.039 0.261 0.071 0.023 0.034 0.208 0.791 0.071 0.566 0020
Ce 442 6.49 12.4 10.2 6.32 8.75 8.76 0.954 375 723 7.08 54.5 18 8.68
Pr 0121 0.198 0.593 0.746 0.021 0.529 0.077 0102 0.0%1 0.347 0.553 0.357 0.654 0.089
Nd 1.80 3.93 91 10.2 0.97 8.25 0.811 2.3% 1.17 3.27 4.52 6.08 8.55 2.01
Sm 4.25 6.24 15.6 14.2 8.23 15.4 3.06 7:97 1.62 3.68 3.91 12.9 187 4.57
Eu 0.698 0.811 2.06 1.94 019 1.32 0.2 02 03 1.52 4.53 8.53 4.94 1.0
Gd 21.8 296 78.5 64.2 27.8 102 234 55 819 234 19.5 9.8 %.8 31
Tb 7.01 8. 23%7 19.8 11 324 938 16.3 2.88 A5 6.17 30.6 293 11.4
»y 89.2 110 285 233 163 418 131 146 42.6 102 75 322 352 155
He 31.8 37.6 99 78.2 67.3 150 52.7 345 18.2 39.7 27.8 91.2 118 60.3
Er 148 168 441 346 334 670 254 104 94.9 193 135 315 483 278
Tm 31 33.6 894 69.9 75.6 136 57.2 16.2 23.8 43.2 30.7 56.2 95:2 59
Yb 287 28¢% 756 608 689 1,150 530 114 230 400 302 442 i 501
Lu 58.4 52.8 141 111 141 219 105 18.¢ 47.4 &l.6 61.8 69.9 134 %4.1
T, (°C) 719 751 g16 755 666 711 703 746 771 652 649 669 673 626
7, (*C) 774 g1e 885 814 713 764 756 804 833 698 695 717 723 669

inher. = inherited (Preterezeic) zircen. 7, after Watsen et al. (2006). 7> after Ferry and Watsen (2007) using aSi®,=0.7, aTi®,=0.5 and »=0.3 Kb
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Fig. S Zircen trace element cempesitien (LA-ICPMS) frem the SCS
‘Variscan gabbres. All zircens plet n the centinental field of Grimes et
al. (2007) and define distinct fields fer each gabbre massif Inherited
zircen frem La Selanilla i1s similar in cempesitien te asseciated
magmatic crystals (see alse in the text)

temperature i3 belew 50°C/GPa (Ferry and Waken 2087).
Geebaremetric estimates fer the crysmllizatien ef the SCS
gabbres (0.3 .4 GPa; Melina ct al. 2089), weuld result in a
T increase ef 28°C. Using these maximum temperature
estimates (Table 2), enly zircens frem Talavera gabbres
weuld give a T range (frem 778°C te 885°C) which everlaps
temperatures estimated by amphibele-plagieclase thermeme-
try in the SCS gabbres (825°C te 578°C; Melina et al. 2009).
The ether twe gabbres give temperatures mestly belew
selidus cenditiens ef mafic magmas (665°C te 836°C)
(Table 2). This is in agreement with the general swtement
that Ti-in-zircen temperatures en gabbres usually underesti-
mate the true cryswllizatien cenditiens duc te seme cembi-
natien ef calibratien uncerwmintics and facters that have net
been accurately cerrected for (e.g. Fu et al. 2008; Grimes et
al. 2009). Alternatively, a xenelithic erigin ef zircens frem La
Selanilla gabbre and fer seme zircen crystals fiem

Navahermesa gabbre (see discussien belew) ceuld explain
their lew 7 estimates, which are in the range ef gee-
thermemetric estimates in cecval menzegranitic te granedi-
eritic magmas (662°C te 650°C; Scarrew et al. 2089).

Lamellar Zr-rich minerals

The presence of Zr-rich minerals ferming rims areund
ilmenite is suggestive ef the Zr-rich character ef the
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magmatic ilmenite, as eccurs in ether mafic intrusiens (e.g.
Naslund 1987; Merisset and Sceates 2008).

Seme trace elements analyzed in situ by EMP in lamellar
zircen are always belew detection limits (0.08 wt% Th@,;
0.13 wt% U®;; 0.08 wt% Y,®;) (Table 3). Censequently,
zircen areund ilmenite shews significantly lewer Th, U and
Y centents than magmatic zircen grains (Table 3). @n the
centrary, they have higher Ti and Fe centents than iselated
zircen grains, altheugh displaying large variatiens. Badde-
leyite in ilmenite rims alse shews significant Fe® and Ti@®,
centents (up te 1.4 and 1.1 wt%, respectively) when
cempared with iselated baddeleyite grains. These high Ti—
Fe centents may result frem the effects of secendary
fluerescence in these extremely small lamellar zircen
(mestly <5 wm), which are interstitial te Ti—Fe-rich
minerals (ilmenite, mica, amphibele) (Merisset and Sceates
2008).

The lack eof textural relatienships between baddeleyite
and zircen in the ebserved ilmenite rims suggests that
zircen fermatien by exselutien ef baddeleyite frem Fe—Ti
exide and subsequent reactien is unlikely in the studied
gabbres. Mercever, the extremely lew Hf, Th and U
centents ef zircen rims indicate that evelved magmatic
liquids are net invelved in its genesis. Zircen rims are
clearly related te a cemplex cerena replacement areund
ilmenite which alse invelves amphibele or phlegepite but is
neither asseciated te lew-temperature secendary minerals er
te late infiltrating hydrethermal fluids (Fig. 3). The
diffusien ef Zr in ilimenite weuld be enhanced by the high

temperature during early subselidus cenditiens. Silica te
ferm zircen was previded by adjacent silicate minerals. As
predicted by recent studies, zircen areund ilmenite is a
cemmen feature in slewly ceeled mafic plutenic recks
(Merisset and Sceates 2008).

Hf isetepe cempesitien

The whele analytical data set is listed in Table 4. The ¢Hf
values are calculated fer the cerrespending age, as
determined by the U-Pb methed.

Zircens frem the Talavera gabbres shew a wide range of
6L W/ H raties, altheugh all values are belew 0.0035,
and "6Yb/'""Hf <0.15 fer all analyses (Table 4). They give
a narrew range eof initial CHE THE frem 0.282551 te
0.282665 (Fig. 7). This cerrespends te initial €Hf values
ranging frem —1.1 te +2.9, with mest values clese te +2+
0.9, within the precisien eof the laser ablatien methed
(Table 4). Nevertheless, the tetal variatien in the epsilen
values peints te multiple magma seurces in zircen
fermatien. The Nd isetepe cempesitien, with initial
whele-reck €Nd of —1.6 (@rejana et al. 2009), is clearly
lewer than Hf results. The Hf medel ages (Tpy) calculated
using the zircen Lu/Hf raties (0.82 te 1.02 Ga) are alse
belew values calculated with the whele-reck Nd medel age
(1.27 te 1.45 Ga) (@rejana et al. 2009).

Navahermesa zircens shew censiderable cempesitienal
variatien that is net supperted by the ebserved narrew Lu/
Hf raties, and might be due te differences in initial

Table 3 Representative zircen majer element (EMP) cempesitien (in wt%), SCS Variscan gabbres

Sample Talavera La Selanilla Navahermesa

107038-¢ 107038-10 107038-11 108585-3 108585-5 108585-4 108585 108601-1 108601-3 108601

rim rim grain rim rim rim grain rim rim srain
Si@; 32.80 32.38 32.34 31.14 31.91 3157 32.03 32.10 32.49 31.85
Ti®, .13 019 bdl 0.85 0.75 049 bdl 1.14 0.37 bl
AL®; bl bdl bdl bl bl bdl bdl bdl 019 bdl
Fe® 0.51 040 bdl 1.13 1.08 1.02 bdl 1.29 1.19 bl
Ms@ bdl bdl bdl bdl bdl bdl bdl bdl 0.27 bdl
Ca® bl bdl bdl bl bdl bdl bdl bdl 039 bdl
Zr@, 65.61 66.23 66.87 66.22 66.17 65.02 66.34 64.32 63.68 64.75
Hf®, 1.31 020 1.04 0.88 08¢ 0.9 1.43 093 1.11 1.5
The, bl bl 0.03° bl bl bdl 0.04° bdl bdl 043
ve, bdl bdl 0.03° bdl bdl bdl 0.06° bdl bdl 0.23
Y.@; bl bl 0.08° bl bdl bdl 0.35 bdl bdl 033
121 B bl bdl 0.03 bdl bdl bdl 007 bdl bdl .14
Tetal 100.19 9934 100.38 100.30 100.81 99 00 100.32 9976 99 68 9882

Zircen types are these in ilmenite rims (rims) er in iselated grains (grains)

bdl belew detectien limits
“Pata from LA-ICPMS (they are below EMP detection limits)



Table 4 Lu-Hf isetepe data en zircens, SCS Variscan gabbres

Sample YPETTHE  25E "Lu’THF 2SE "Yh/'THE  Ape (Ma)} ("PHE'THE;, £HE 25E  Tgy  Tpua"
Talavera
T46-11.1 0282652  0.000036 00018 0.00006 0085 305 0282642 21 1.2 087 119
T46-18.1 0.282641  0.000013 0.0003 0.00004 0.036 305 0.282636 19 06 0% 120
T46-19.1 0282568  0.000048 0.003] 0.00011 0149 305 0.282551 -11 17 182 148
T46-2.1 0282638  0.000026 00016 0.0000! 0070 305 0.282629 16 09 088 122
T46-20.1 0282617  0.000036 0.0003 0.00007 0.036 305 0.282613 11 12 08 126
T46-3.1 0282665  0.000030 0.000° 0.00004 0.041 305 0.282660 27 10 08 115
T46-5.1 0.282655  0.000048 00011 0.0000! 0044 305 0.282649 23 17 08 118
T46-61 0282667  0.000036 0.0004 0.0000] 0016 305 0.282665 29 13 08 114
T46-71 0282645  0.000030 00012 0.0000] 0.062 305 0.282638 20 1.1 087 120
T46-8.1 0282636  0.000028 0.0021 0.00009 0104 305 0282624 15 10 0% 123
La Selanilla
T115-1.1 0282444  0.000028 00016 0.00009 0.063 300 0282435  —53 160 116 166
TII5-1.1.2 0282464  0.000030 00016 0.00006 0.068 300 0282455  —46 1.1 113 16l
T115-2.1 0282433  0.000034 00014 0.00015 0.046 300 0282425  —57 12 117 168
T115-2.2 0282503  0.000028 00000 0.00005 0.045 300 0282497 31 10 166 152
T115-3.1 0281248  0.000028 0.000] 0.0000! 0.006 2,010 0281244  —92 10 273 323
T115-4.1 0281479  0.000076 0.0025 0.00015 0.0% 1,848 0281390 77 27 258 3.6l
Navahermesa
TI131-1.1 0282785  0.000054 00000 000003 0.055 301 0.282779 69 19 066 0883
T131-2.1 0282711  0.000050 0.0003 0.00007 0038 301 0.282707 43 1.8 076 105
T131-3.1 0282746  0.000040 00014 0.00002 0.055 301 0.282738 54 14 072 098
TI31-3.1.2 0282714  0.000042 0.0010 000003 0.041 301 0.282709 44 15 076 104
T131-4.1 0282685  0.000048 00014 000012 0.063 301 0.282677 33 17 es8l 11l
T131-5.1 0282629  0.000036 00010 0.00002 0.057 301 0.282623 13 12 088 124
T131-6.1 0282697  0.000036 0.0016 0.00010 0058 301 0.282688 36 12 080 109
T131-7.1 0282595  0.000032 00014 000005 0.062 301 0.282587 o1 11 e84 132
T131-8.1 0282738  0.000054 0.000¢ 0.00005 0.036 301 0.282733 52 19 073 099

Tpm2 is two-stage Hf model ages calculated using an averaged crustal LwHfratio of 0.015 (Griffin et al. 2002)

SH{/"7Hf. The range in (“°HE'"'HI); is 0.282587 te
0.282779 (Fig. 7), which cerrespends te initial €y values
ranging frem +0.1 te +6.9, a tetal variatien ef 7 epsilen
units (Fig. 8). The initial whele-reck €Nd of +1.3 te +1.8 is
within the range of Hf data. The Hf medel ages (0.66 te
0.94 Ga) are similar te whele-reck Nd medel ages (0.99 te
1.8 Ga) frem Navahermesa gabbres (@rejana et al. 2009).

The data reveal a distinctly unradiegenic everall
zircen Hf isetepe cempesitien in the La Selanilla
gabbre. The Variscan zircens have a range ef
(*"*HEVHE); frem 0.282425 te 0.282497, which cerre-
spends with initial €Hf values ranging frem —3.1 te —5.7.
Preterezeic inherited zircens shew a mere evelved Hf
isetepe cempesitien with "*Hf/!"’Hf; frem 0.281244 te
0.281390, and a range of —7.7 te —9.2 in initial €y values
(Table 4; Figs. 7 and 8). In clear disagreement with Hf
results, the whele-reck Nd isetepe data gave the mest
radiegenic values feund in any Variscan gabbre frem the

Central Iberian Zene: eNd;=+2.4 te +3.1 (@rejana et al.
2009).

Discussion
Geechrenelegy of mafic magmatism

Maest of the analyzed zircens cluster in a narrew range ef
Variscan ages (300 te 305 Ma) in agreement with previeus
gcechrenelegical studies (Bea et al. 2006; Zeck et al
2007). Intrusien ages ceincide with previeus U-Pb
SHRIMP zircen data en Navahermesa gabbres published
by Zeck et al. (2007). Ages of mafic intrusiens in the age
range of 319 te 310 Ma, as these reperted by Mentere et al.
(2004) using the single-zircen stepwise evaperatien
2¢7ph/”*Pb methed, have net been registered in the mest
recent micre-analytical studies (Bea et al. 2006; Zeck et al.
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Fig.7 Hf isetepc cvelutien diagram fer the SCS gabbres. Zircens are
pleted at the cryswllizatien age of cach gabbre massif. Inherited
zircens arc pletted at their respective ages. Grewth-curves arec shewn
fer CHUR (Blichert-Toft and Albarede 1997) and depleted mantle
(®M, Grffin et al. 2000). A grewth-curve with a LwHf=0.015,
cerrcspending te an averaged crustal value, 1s used fer estmating
crustal residence ages of inheried zircen preteliths. Inset shews an
enlarged area of the initial ""*Hf"”"Hf values for the Variscan zircens

20087; present werk), and have te be cenfirmed with further
gcechrenelegical data.

Geechrenelegical dawm en Variscan plutenic felsic magma-
tism frem the Central Iberian Zene indicate that large velurnes
of granite were emplaced during the pest-cellisienal stage,
syn- te pest-W; ductile defermatien phase, dated at 320
312 Ma (Wias et al. 1998). Seme granite intrusiens are
related te syn-te-late B; times in ether secters ef the Central
Iberian Zene (Wias et al. 1998; Fernandez-Suarez et al
20082), but the SCS plutenic magmatism is mestly pest-Bs,
in the range ¢f 318 295 Ma, based en recent werks reperting
precise U Pb zircen geechrenelegical resulw (¢.g. Casquet
et al. 2004; Zeck et al. 2007). @ur U Pb geechrenelegical
data reinferce the swmtement that Variscan gabbres in the SCS
are net mafic precursers ef the asseciated granite magmatism
but mestly ceeval, as largely deduced by petrelegical
argumen® (c.g. Scarrew et al. 2009; @rcjana ot al. 2009).

The results presented here cenfirm that mafic magma-
tism in the SCS defines a shert age range ef activity (307 te
380 Ma), clearly yeunger than the regienal metamerphic
peak ef the secter (dated at 335 338 Ma: Escuder Viruete et
al. 1998; Castificitas ot al. 2008). All the Variscan gabbres
currently dated by ien micreprebe U Pb zircen metheds in
central Spain yield intrusien ages within a shert time span
ef less than 18 Ma, and they are clearly discennected frem
regienal heat flew Variscan events. The censiderable crustal
thickening attained in central Spain during syn-Variscan
cellisien induced a later significant tectenic cellapse (e.g.
Escuder Viruete et al. 1998). The extensienal cellapse of
the Variscan lithesphere and the presence of miner crustal
cempenent delaminated within the mantle during this time
(c.g. @rcjana ot al. 2009) raise arguments fer a cemplex

flew pattern within the upper lithespheric mantle in pest-
Variscan stages. In this respect, recent medels en gabbre
generatien in central Spain suggest that these mafic
magmas are the result ef adiabatic melting ef the
lithespheric mantle asseciated with uplift related te the
pest-cellisienal cellapse ef the Variscan eregen (Scarrew et
al. 2009).

The age of the studied mafic magmatism is cerrclated
with ether gabbre massifs within the Central Iberian Zene:
Braga (N. Pertugal, areund 318 Ma, Bias et al. 1998) and
Vivere (N. Galicia, 293 Ma, Fernandez-Suarez et al
2088a), but alse with gabbres frem the Pyrenees (Quetigut,
387 Ma, Reberts ct al. 2008), all ef them intruding during
the pest-cellisienal extensien ef the Variscan belt. This
centrass with daw frem basic massifs intruding in seuthern
Spain, within the @ssa Merena Zene (Fig. 1), where elder
emplacement ages (341 te 352 Ma) and a likely transten-
sienal pest-subductien geedynamic setting have been
established (Remece ct al. 2006, Pin et al. 2008).

Evidence ef crustal centaminatien in gabbres

The scattering in Hf isetepe cempesitien ef zircens and the
presence ef negative initial €Hf values in seme of the zircen
pepulatiens previde evidence fer the crustal cenmaminatien
of gabbreic magmas, pessibly in a deeper magma chamber
and net at its actual emplacement level. Twe precesses
ceuld be envisaged te explain cruswl cenwminatien ef
the gabbres: a) lecal centaminatien with high-grade
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Fig. 8 Initial €eHf values of individual zircen grains frem cach ef the
studied gabbre samples. The ages used te calculate the nitial values
are these frem Table 4. €Hf bars cemrespend te 2 o uncertaintics



metamerphic recks (at lew-te-mid crustal levels), b) magma
mixing with ceeval granite magmas. The lack ef Hf isetepe
data ef zircens frem the different SCS lithetypes makes
difficult te decide in faveur ef ene ef these medels.
Nevertheless, the trace element features eof magmatic
zircens frem the SCS gabbres, shewing a streng fractien-
atien ef the HREE and a lew Ti cencentratien (<22 ppm),
makes urnreliable the pessibility that centaminatien eccurs
with lewer crustal granulites. Zircens frem granulites of the
SCS lewer crust have high Ti centents (mestly in the range
of 45 te 130 ppm) and flat HREE patterns (@rejana et al.
2011). Mixing with partial melts derived frem lecal
anatexis ef high-grade metamerphic wall-recks er, alterna-
tively, mixing and hybridizatien with Variscan granite
magmas (which in seme eutcreps are intermingled with
the studied gabbres, e.g. Navahermesa), are mere plausible
centaminatien precesses. In either case, mixing with
granitic melts, frem lecal surreunding recks er by interac-
tien with allechtheneus ascending melts, is the main
centaminant seurce fer crustal zircens feund in the SCS
gabbres.

Accerding te Hf-isetepe cempesitien, zircens shew a
variable but increasing degree ef granite magma cen-
taminatien frem Talavera and Navahermesa te La
Selanilla gabbres. The crustal centaminatien ef the
Talavera gabbre is miner. In this sample, excepting
enc zircen shewing clear negative initial €¢Hf values
(—1.1; T46-19.1 spet, Table 4) the rest of values greup
areund +2+0.9  with a variatien clese te analytical
uncertainties (Fig. 8). Hf isetepe data in zircens frem
Navahermesa gabbre mestly greup in the range of +3.3
te +6.9, with a variatien that clearly exceeds the
analytical uncertainties. Mereever, this range is three
epsilen units higher than these frem Talavera gabbre. This
difference is supperted by the whele-reck initial ENd values
(+1.55 fer Navahermesa versus —1.6 fer Talavera gabbres;
@rcjanact al. 2009). Cembined Hf and Nd isetepe signatures
therefere suggest different mantle seurces fer the SCS
gabbreic magmas, with Navahermesa derived frem a mere
depleted mantle seurce than the Talavera gabbre. Neverthe-
less, the larger variatien in €Hf values of the Navahermesa
gabbre (Fig. &), suggest higher crustal centaminatien rates in
this massif.

Magmatic zircens frem La Selanilla gabbre shew the
mest evelved Hf-isetepe cempesitien enceuntered in the
SCS gabbres (Table 4; Fig. 8). Ne vestiges of mantle-
derived zircens are feund in this sample. Thus, these
Variscan zircen grains sheuld be censidered as antecrysts
derived frem likely ceeval felsic magmas. They represent
an isetepically distinct magma batch incerperated inte the
basic magmatic system. Accerdingly, the cencerdia age
ebtained fer this sample must be censidered as a maximum
estimate ef its emplacement age.

The presence of zircen grains with crustal isetepic
signatures in the studied gabbreic samples is in agreement
with medels of significant assimilatien ef crustal cempe-
nents by the SCS gabbreic magmas (Melina et al. 2009)
and with the previeusly described censpicueus presence of
accessery phases of crustal erigin (Bea et al. 1999).

Significance of Preterezeic inheritances

Twe zircen crystals frem La Selanilla massif gave slightly
discerdant (discerdancy <10%) Palcepreterezeic ages
(1,800 te 2,100 Ma). The preservatien ef inherited zircens
in ultramafic-mafic recks is net unusual but is rarely
described in Variscan te pest-Variscan gabbres (Gebauer
et al. 1992; Peressini et al. 2007; Renna and Tribuzie
2009). Te eur knewledge this is the first repert of zircen
inheritances in Variscan Mg-rich gabbres frem central
Spain; enly Mentere et al. (2004b) reperted Palacepreter-
ezeic ages fer xenecrystic zircens, but in a highly
hybridized dieritic reck. Zircen inheritances in mantle-
derived recks can be explained by: a) centaminatien with
crustal material during transpert er emplacement (e.g. Schwartz
et al. 2005; Whattam et al. 2006), b) delaminated lewer crustal
slices at mantle depths (Pilet et al. 1998; Rubatte ct al. 1998),
er c) incerperatien ef xenecrysts frem metasematized
subcentinental mantle (e.g. Peltenen et al. 2003). The
markedly evelved Hf signature ef the pre-Variscan zircens
of La Selanilla gabbres (€Hf frem —8.1 te —10.7; Table 4),
suggest that these zircens have been incerperated inte the
mafic magma during its transpert within the crust, and a
mantle erigin is therefere unlikely.

The lew Ti measured in pre-Variscan zircens frem
gabbres (frem 10 te 14 ppm, Table 2) is within the range
of Ti cencentratiens ef zircens frem graniteids frem central
Spain (3.6 te 24 ppm, unpublished data). The presence of
Preterezeic inherited zircens in granites frem the SCS
(Zeck et al. 2007) and ether felsic intrusiens frem the
Central Iberian Zene (e.g. Sela et al. 2009) reinferces the
pessibility ef incerperatien ef beth magmatic and inherited
crystals during the mixing with granitic melts.

Inherited Paleepreterezeic zircen ages have alse been
recerded in Neepretcrezeic metasediments frem the Central
Iberian Zene (e.g. Fernéandez-Suarez et al. 2000b; Mentere
et al. 2007), altheugh representing a miner age pepulatien.
Nd medel ages (Tpy values) calculated fer granitic and
metasedimentary recks frem central Spain yield values of
1.4-1.6 and 1.6-2.0 Ga, respectively (data frem Table 3 of
Villaseca et al. 1998). Nevertheless, an impertant juvenile
additien during the Early Preterezeic is net in agreement
with the Hf isetepe cempesitien ef the inherited zircens
frem the La Selanilla gabbre.

By cembining the YSHE""Hf frem inherited zircens
with an averaged crustal Lu/Hf ratie of 0.015 (Griffin et al.



2002) is pessible te estimate Lu-Hf medel ages and the
crustal residence age of their preteliths (e.g. Andersen et al.
2002). ®@btained Tpy, medel ages of3.0 te 3.2 Ga (Table 4)
are much elder than these estimated by whele-reck Nd
isetepes. Te eur knewledge, this is the first recegnitien, in
the Iberian Variscan Belt, of recycled Archean material
within the seurce ef granitic preteliths incerperated in
cecvally hybridized gabbreic magmas. A juvenile additien
during the Early Archean is in accerdance with seme of the
majer times of centinental grewth (e.g. Cendic and Aster
2010), and with detrital zircen results (e.g. lizuka et al
2010).

Nature of the Variscan lithespheric mantle

The zircen Lu—Hf isetepe data is a sensitive tracer ef the
precesses that affected the gabbreic magmas (e.g. Peytcheva et
al 2008). The large scattering in initial €Hf of zircens
evidences significant centaminatien precesses in the gabbreic
magmas. Nevertheless, pesitive initial €Hf values are
representative of the mantle-derived cempenent in the studied
Variscan gabbres. @ur data reveal that the mest pesitive €Hf;
values are between +3.6 te +6.9 in the Navahermesa gabbre,
whereas they range frem +1.5 te +2.9 in the Talavera gabbre.
Thus, values frem +1.5 te +6.9 might represent the
cempesitien ef the Variscan subcentinental mantle beneath
this secter of central Spain. This range is clearly belew that ef
depleted mantle (+15 te +17) er recent Atlantic M@RB (+8
te +21; Chauvel and Blichert-Teft 2001). Heteregeneeus but
enriched mantle cempenents might be invelved in the genesis
of these gabbreic magmas, as was alse stated by whele-reck
studies, including Sr—Nd-Pb isetepes (e.g. Scarrew et al
2009; @:cjana ct al. 2009).

Maest of the Carbenifereus-Permian mafic magmatism in
the Central Iberian Zene and the Pyrenees alse shew
evelved Sr and Nd isetepe signatures, and its primitive
chemical character suggests that extensive crustal centam-
inatien during transpert is unlikely (e.g. Dias et al. 2002).
This alse precludes an erigin frem a depleted mantle
seurce.

Part of the Variscan mafic magmatism ef similar age
(300-316 Ma) in Eurepe is characterized by K-rich recks
shewing streng enrichment in LILE and REE (and evelved
Sr and Nd isetepe raties), indicating an affinity te K-rich
calc-alkaline magmas (e.g. Turpin et al. 1998; Hegner et al.
1998). Mest of them have been interpreted as derived frem
a crust-centaminated mantle seurce, and likely resulted
frem pest-cellisienal melting of subducted or delaminated
lithesphere (e.g. Neubauer et al. 2003). An enriched
lithespheric mantle is alse envisaged fer central Spain
during mest ef the Upper Carbenifereus te Lewer Permian
peried (Villaseca et al. 2004). It seems that in the Central
and Western Eurepean Variscides an enriched upper mantle

was available until areund 285 Ma. At that time transitienal,
theleiitic and alkaline basic magmas appear in central and
seuth-central Eurepe, suggesting an apparent replacement of
lithespheric mantle by mere depleted (asthenespheric) seurces
(e.g. Menjeic et al. 2007; Renna et al. 2007). In central Spain
the intrusien ef alkaline lamprephyres areund 260 Ma
represents the inceming ef depleted mantle cempesitiens
(@rejana et al. 2008).
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