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Abstract

In this study, we have used in-situ U-Pb, Hf and O isotopic analyses in zircon grains to
gain insights into both magmatic processes and duration of magmatism in igneous rocks
from the Tuscan Magmatic Province (0.1-9 Ma), Italy. Three plutonic centres have been
investigated (Monte Capanne and Porto-Azzuro monzogranites in Elba and the Giglio
monzogranite) as well as Capraia, the only volcanic centre in the Tuscan Archipelago.
New ion microprobe zircon U-Pb data reveal a continuum of plutonic activity in Elba
over 2-Ma (8.3-6.3 Ma), with coeval volcanic activity in Capraia (7.1-7.6 Ma), and
plutonic activity resuming in Giglio (5.5 Ma) after a gap of 1 Ma. From these zircon data
we also show that construction of the Monte Capanne pluton (Elba) may have occurred
over a period of c. 0.5 Ma. A significant range of both '"*Hf/!”’Hf (determined by LA-
MC-ICPMS) and 6'®0 (determined by ion microprobe) in zircon (~7 epsilon Hf units and
~5%o, respectively) is present, which, together with zircon morphology and trace element
data (Gagnevin et al., 2010), emphasise the importance of mixing and replenishment
involving magma batches with both metaluminous and peraluminous affinities. Inherited
and xenocrystic zircons also occur, but are scarce. These have a wide range of
®Hf/'""Hf and 6'80 composition, further emphasising that a variety of crustal
components have contributed to the genesis of the Tuscan magmas, either as
contaminants or magma sources. While mixing undoubtedly occurred between mafic
(metaluminous) and felsic (peraluminous) magmas, the range of Hf and O isotopic data
suggest a diversity within the peraluminous component. The unradiogenic Hf
composition (¢Hf(#)<-4) and relatively heavy J'0 signature (>6%o) of the inferred
mantle-derived component (represented by Capraia volcanism, and at least in part,
lamproitic in composition) strongly supports the idea that the mantle source involved in
Tuscan magmatism was severely modified by subduction-related, crustal-derived

metasomatic fluids.
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1. Introduction

The geochemistry of zircon is now widely used to investigate the petrogenesis of igneous
rocks (Harley and Kelly, 2007, and references therein), and, in some cases, may help to
address the genetic relationship between coeval eruptive and intrusive rocks (e.g., Kemp
et al., 2006). The crystallization or resorption history of zircon has been shown to be
texturally and chemically responsive to interaction between chemically-contrasting melt
components (Griffin et al., 2000; 2002; Flowerdew et al. 2006; Yang et al., 2006; 2007,
Kemp et al., 2005; 2006; 2007; Hawkesworth and Kemp, 2006; Chu et al., 2006; Reid et
al., 2007; Belousova et al., 2006; Appleby et al., 2008; Bolhar et al., 2008; Shaw and
Flood, 2009). Magma mixing is thought to have a major role in governing the
petrogenesis of intermediate to acidic rocks in the long-lived (9-0.2 Ma) Tuscan
Magmatic Province (TMP, Tuscany, Italy) (Poli, 1992, 2004; Innocenti et al., 1992; Serri
et al., 1993; Westerman et al., 1993; Dini et al., 2002; 2004; 2008; Gagnevin et al., 2004;
2005a, b; 2008a, 2010). The earlier evolution of the TMP (from 9 to 5 Ma) is exemplified
by excellently exposed plutonic and volcanic rocks in the Tuscan Archipelago.
Magmatism in the Elba plutonic complex and the Capraia volcano has been suggested to

be coeval (e.g., Ferrara and Tonarini, 1985; Aldighieri et al. 1998).

An earlier study (Gagnevin et al., 2010) on the chemistry and morphology of zircon
in the Monte Capanne plutonic complex and Capraia has been extended using in-situ
hafnium (Hf) and oxygen (O) isotopic analyses ('"°Hf/'"’Hf and 6'%0, respectively),
coupled with in-situ U-Pb geochronology. In this study samples have been analysed from
Elba, Capraia and Giglio (Fig. 1). The aim was to try to better define the age of
magmatism, to evaluate how zircon in a young plutonic setting can record a magma
mixing signal and better constrain the nature of the end members involved in mixing
In-situ U-Pb zircon dating has been carried out to distinguish magmatic from inherited
zircon grains and in some cases to improve upon the existing geochronology.

The petrogenesis of the Capraia volcano, located at the northern end of the
archipelago (Fig. 1), is of particular interest as it is the only volcanic edifice in the

archipelago, and provides clear evidence of mixing between mantle-derived, high K calc-
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alkaline and lamproitic magmas, associated with crystal fractionation, as indicated by
major element modelling (Poli and Perugini, 2003) and plagioclase zoning patterns
(Gagnevin et al., 2007). Lamproitic magmatism is also common in the Tuscan mainland,
and has been attributed to mantle metasomatism associated with subduction based on a
variety of petrological data, including Sr, Nd and Pb isotopic ratios (e.g., Conticelli et al.,
2009). It is, however, of particular interest whether zircon, in both Capraia and the

Tuscan plutonic rocks has recorded this peculiar geochemical signature.

A detailed zircon Hf and O isotopic investigation, coupled with U-Pb geochronology,
on individual magmatic centres in the Tuscan archipelago, with particular emphasis on
the Monte Capanne pluton and coeval Capraia volcanism, is likely to 1) further reveal the
nature of the magma components involved in magma mixing, 2) decipher the open-
system history of individual magma centres (with emphasis on the Monte Capanne
pluton, Elba), and 3) provide some insights into the long-debated relationships between
intrusive and extrusive magmatism (Kemp et al., 2006; Bachmann et al., 2007, and
references therein). These data will therefore further reappraise models for the

petrogenesis of the Tuscan magmatism.

2. Geological background: the Tuscan Magmatic Province (TMP).

Calc-alkaline to potassic magmatism in the TMP (Fig. 1a) is classically considered to be
contemporaneous with the opening of the Tyrrhenian Sea (in the late Miocene) following
the collision and subduction of the Adriatic below the Corsica-Sardinia microplate
(Principi and Treves, 1984; Serri et al., 1993). Magmatic activity in the TMP, which
progressively migrated from west to east as a result of slab roll-back and retreat of the
Adriatic slab (e.g. Serri et al., 1993; Brunet et al., 2000), spans a range of c. 8§ Ma.
Plutonic and volcanic rocks occur in about equal proportions, though plutonic rocks
predominate in the Tuscan Archipelago, while volcanic rocks occur mainly on the Italian
mainland. The Tuscan Archipelago comprises the Elba, Giglio and Montecristo plutonic
systems (Fig. 1). These have typical S-type signatures implying an origin by large-scale
anatexis of supracrustal rocks (Taylor and Turi, 1976; Giraud et al., 1986), though the
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involvement of a mantle-derived component through magma mixing with anatectic
magmas is well established based on whole rock geochemical (e.g., Poli, 1992) and
isotopic studies (Dini et al. 2002, Gagnevin et al., 2004). The 7-8 Ma-old Capraia
volcanic centre (north of Elba; Fig. 1a) comprises high-K calc-alkaline to shoshonitic
lavas/domes inferred to have a mantle origin (Poli and Perugini, 2003; Chelazzi et al.,

2006; Gagnevin et al., 2007).

3. Analytical methods

Samples were split into 2-4 cm cubes, washed, dried and crushed in a tungsten carbide
jaw crusher. Zircon was separated from <250 pum sieved fractions using standard heavy
liquid techniques, hand-picked and mounted in epoxy resin. All studied grains were
imaged by scanning electron microscopy using back-scattered (BSE) and
cathodoluminescence detectors. A subset of grains was also analysed by electron

microprobe (Gagnevin et al. 2010).

U-Th-Pb zircon analyses were performed by secondary ion mass spectrometry
(SIMS) on the Cameca IMS 1270 ion-microprobe at the Swedish Museum of Natural
History (NORDSIM Laboratory) as described by Whitehouse and Kamber (2005) using a
spot size of c. 25 um. U/Pb ratio calibration was based on analyses of the reference zircon
91500, which has an age of 1062 Ma and U and Pb concentration of 80 ppm and 15 ppm,
respectively (Wiedenbeck et al., 1995). Age calculations were made using Isoplot version
3.2 (Ludwig, 2003). Following Zeck and Whitehouse (2002), common lead corrections
were applied using a modern-day average terrestrial common lead composition, i.e.,
207pp/206ph = (.83 (Stacey and Kramers, 1975), where significant 2**Pb counts were

recorded.

Lu-Hf isotopic analyses were carried out at the NERC Isotope Geosciences
Laboratory (NIGL) in Nottingham, using a Nu Instruments Nu-Plasma HR multi-
collector ICP-MS coupled to a New Wave Research UP193SS 193nm solid state laser
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ablation system. The full protocol for laser ablation MC-ICPMS Hf analyses can be
found in the Electronic Supplementary Material A.

Oxygen isotopic analyses were carried out on the Cameca IMS 1270 ion-microprobe
following methods described by Whitehouse and Nemchin (2009). The mount stage xy
and DT1 centering diagrams for all O analyses can be found in Electronic Supplement
Material B. The DT1 values (when corrected for a 1270 vs. 1280 scaling factor of ca.0.5)
fall within the range of values found by Whitehouse and Nemchin (2009) to yield
acceptable results over a wide area of the mount. Measured isotopic ratios were
normalised to a 6'%0 value of +9.86%0 (SMOW) for the reference zircon 91500
(Wiedenbeck et al., 2004).

4. Samples

Ten samples were investigated in this study (Fig. 1b), including seven samples from the
Monte Capanne (MC) plutonic system, one from the granite porphyry (DG259), one from
the Porto-Azzurro granite (DG23), one from the Giglio monzogranite (DG264) and one
dacite from Capraia (DGO05-1). Samples from the Monte Capanne plutonic system
include three monzogranites (representing the bulk of the MC pluton; DG236, DG314
and DG316), two mafic microgranular enclaves (hosted in the MC monzogranites;
DG210 and DG220), and one mafic Orano dyke (cutting the MC monzogranite; DG135).
Most of these samples are well characterised petrographically, chemically (major and
trace elements) and isotopically (Sr and Nd) (Gagnevin et al., 2004). In particular, they
display a range of chemical (Zr = 115-180 ppm; K20 = 2.2-4.8 wt%) and isotopic (Sr¢) =
0.714-0.717; Ndg = 0.51210-0.51222) compositions. For other samples where whole-
rock data are presently not available (DG236, DG05-01, DG23 and DG264), we refer to
other studies to constrain their bulk composition. Briefly, samples DG236 and DG05-01
are inferred on the basis of the petrography to be chemically and isotopically similar to
other monzogranitic samples from the Sant’ Andrea facies in the Monte Capanne pluton
(Si02 > 60%, Zr ~ 150 ppm, Sri = 0.714-0.717) and other dacites in Capraia (SiO2 >
58%, Zr ~ 200 ppm, Sri) = 0.710), respectively (Dini et al., 2002; Gagnevin et al. 2007;
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2008a). Following other studies (Poli et al., 1989; Poli, 1992; Westerman et al., 1993),
the Zr content of the Giglio sample (DG264) is anticipated to be around 100-200 ppm,
with rather homogenous Srg) (0.717-0.718). Similarly, the Porto Azzurro monzogranite
(sample DG23) has a very limited range of chemical (Zr = 108-157 ppm) and isotopic
(St = 0.713) compositions (Conticelli et al., 2001).

5. Zircon size, texture and chemistry

Extensive U-Pb analysis by both ion microprobe and laser-ablation ICPMS methods have
enabled us to distinguish confidently between “magmatic” and “xenocrystic” zircons.
The morphology, internal textures and chemical compositions of zircons considered to be
“magmatic” from both the MC plutonic system and Capraia are described elsewhere
(Gagnevin et al., 2010). All back-scattered images for the MC plutonic system and
Capraia are presented in Electronic Supplementary Material C, which also indicates the
position of the O, Hf and U-Pb analytical spots.

Briefly, grain size varies between 90um - 260um in the MC plutonic system. Patchy-
zoning, which results from replacement of original U-Th-Y-rich zircon by U-Th-Y-poor
zircon, is the most common textural type in the zircon cores, and is almost systematically
accompanied by pores of various size (Fig. 2a, b). Patchy-zoning is followed by
compositionally variable (alternating U-Th-Y-poor and U-Th-Y-rich domains) oscillatory
zoning (Fig. 2a, b). Although less common, homogeneous, U-Th-Y-poor, zircon cores
(Fig. 2¢) also occur in most magma products, including one mafic enclave (DG220).

Zircons in the granite porphyry (DG259; Fig. 2d) and the Capraia dacite (DGO05-1;
Fig. 2f) tend to be larger (150-300pum and 180-450um, respectively) than those from the
MC pluton (90-260um). Zircons in the granite porphyry mainly consist of homogenous,
euhedral to subhedral cores followed by compositionally variable oscillatory zoning,
occasionally punctuated by resorption surfaces (Fig. 2d). Oscillatory zoning is the main
textural type in the Capraia dacite (DGO05-1; Fig. 2f), but unlike zircons in the porphyry
or the MC pluton, sharp intra-grain U-Th gradients (bright in BSE) are rarely observed.
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Zircons in the Porto Azzurro sample (DG23) have very similar habit, size and texture
to those in the MC pluton. Zircon grains in the Giglio sample (DG264) are dominated by
homogenous, low U-Th cores with oscillatory-zoned rims.

Inherited cores and xenocrystic zircons occur in all plutonic rocks, but are absent in
the Capraia dacite. Xenocrystic zircons are anhedral to subhedral, lack magmatic
overgrowths and are depleted in most trace/minor elements (Gagnevin et al., 2010). They
are especially abundant in monzogranite DG316. Overall, inherited cores with
oscillatory-zoned magmatic overgrowth; Fig. 2e) are exceedingly rare, but occur in

almost all magma products.

6. Results

6.1. U-Pb data

Forty-four ion microprobe analyses from thirty zircon grains of magmatic origin from
seven samples are presented in Table 1. These include six grains from the Monte
Capanne plutonic system, five grains from the granite porphyry, thirteen grains from the
Capraia dacite, three from the Porto Azzurro pluton and three from the Giglio
monzogranite. A larger U-Pb zircon data set is presented in Electronic Supplementary
Material D. Of these, acceptable ages were obtained only from zircons with U contents
less than 3000 ppm (Table 1). Ages from zircons with higher U contents are considered
unreliable because a strong correlation was observed (see diagrams in Electronic
Supplementary Material D) between the apparent age and the U concentration above
3000ppm (up to 3 wt%). This may be due to U-dependent changes in sputtering and
secondary ionisation efficiency (cf. Butera et al.; 2001). U-Pb Concordia diagrams are
reported in Fig. 3a for the plutonic rocks and in Fig. 3b for the Capraia volcanic sample
(DGO05-1). U-Pb ages were calculated using the Isoplot/Ex 3.0 program of Ludwig
(2003). Individual spot ages are reported at 2c level (Table 1).

206pb/238U ages for the MC plutonic system (i.e., monzogranite, MME and Orano
dyke; Table 1) range from 7.62 + 0.24 Ma (grain 21, DG135) to 7.00 + 0.38 Ma (grain
21, DG236) (Fig. 3c; Table 1). Six data points (from 4 grains) give a weighted mean
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206pp/238U age of 7.19 £ 0.08 Ma (Fig. 4a), which is within the range of biotite K-Ar ages
(7.1-7.6 Ma; Ferrara and Tonarini, 1985). The two grains (DG135-21 and DG236-4) that
are older (7.5-7.6 Ma, Table 1) are tentatively interpreted as being antecrystic (see Miller
et al. 2007). Juteau et al. (1984) have reported even younger TIMS U-Pb ages (6.2 £ 0.2
Ma) for the main monzogranite, but the data are discordant and will not be considered
any further.

Zircons in granite porphyry sample DG259 yield 2°Pb/>*®U ages from 8.34 + 0.40 Ma
to 7.84 = 0.26 Ma (Table 1), in line with Rb-Sr and K-Ar ages (range of 7.5 to 8.5 Ma;
Ferrara and Tonarini, 1985; Dini et al., 2002). Nine data points (from 5 grains) define a
weighted mean 2°Pb/>*¥U age of 8.08 + 0.09 Ma (Fig. 4c), suggesting that the porphyry
body precedes the main phase of crystallization of the MC plutonic system by at least 0.4
Ma.

Zircons in the Capraia dacite (sample DG05-1) yield a range of 2°Pb/>*¥U ages from
7.0 to 7.6 Ma (Table 1), in agreement with K-Ar ages (Aldighieri et al., 1998; Ferrara
and Tonarini, 1985), though older K-Ar ages (up to 9.5 Ma) have also been reported from
Capraia (Ferrara and Tonarini, 1985). 13 data points (from 9 grains) define a weighted
mean 2°Pb/2¥U age of 7.29 + 0.05 Ma (Fig. 4b), which is within error of the age of the
MC plutonic system. Grain 3 and the rim of grain 6 define the youngest (6.98 + 0.18 Ma)
and oldest (7.60 £ 0.18 Ma) ages, respectively (Table 1).

Three zircon ages from the Porto Azzurro monzogranite (sample DG23) range from
6.39 £ 0.22 Ma to 6.67 £ 0.26 Ma (Table 1). Three analyses (from 3 grains) define a
weighted mean of 6.53 £+ 0.39 Ma (Fig. 4d), which is also slightly older than K-Ar ages
previously reported (5.9-6.2 Ma; Ferrara and Tonarini, 1985; Saupé et al., 1982).

Zircons in the Giglio monzogranite (sample DG264) also display a range of 2*°Pb/>*U
ages (from c. 5.1 Ma to 5.6 Ma; Table 1). The youngest age (5.14 £ 0.34 Ma) was
obtained from the core of grain 3 (analysis n2198-3b; Table 1) and may reflect some lead
loss because another analysis from the same region of this grain (analysis n2198-3c;
Table 1) is slightly older within error (5.54 = 0.42 Ma). Excluding the younger age, a
weighted mean 2°Pb/>*U age of 5.52 £+ 0.14 Ma is obtained (Fig. 4¢), which is marginally
older than the K-Ar ages (5.0 + 0.2 Ma) obtained by Ferrara and Tonarini (1985).
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6.2. Hf isotopic data

A total of seventy-five zircon grains of magmatic origin have been analysed for Lu-Hf
isotopes by in-situ, laser ablation MC-ICPMS. In the text, individual data points (e.g.,
DG264-7) are cited by combining the sample number (DG264) with the grain number (7)
as listed in Electronic Supplementary Material E. The data are summarised graphically in
Fig. 5a. Lu-Hf data are also reported in relation to the zircon texture (from BSE images)
in grains where both types of data are available (i.e., mainly the MC pluton and Capraia
dacite; Electronic Supplementary Material C). When grains were sufficiently large, both
core and rim were analysed. In twenty instances, Hf was analysed on the same spot (or
close to) where U-Pb data were obtained. This, however, was not systematically the case,
particularly as the small size of some grains prevented both isotopic measurements on the
same growth zone. In other cases, despite co-located U-Pb and Lu-Hf analyses, the high
uranium content, as frequently encountered in our dataset, prevented accurate age
determinations, and the U-Pb data had to be discarded. No radiogenic growth correction
was necessary to determine the initial '"°Hf/!”"Hf, eHf(#) and Tom because of their young
ages and low Lu/Hf ratios. Thus, measured and initial ratios are considered to be identical

(e.g., Reid et al., 2007).

The most important results arising from these data are summarized below:
1) Zircons of magmatic origin in the Tuscan plutonic rocks record a range of '"*Hf/!"Hf
(0.28245-0.28267, corresponding to ~7 epsilon Hf units; Fig. 5a) and depleted mantle
model ages (Tom from 800 Ma to 1100 Ma; Electronic Supplementary Material E). This
range excludes the rim of zircon DG264-7 (Giglio), which exhibits the least radiogenic
Hf of all zircons ("7°Hf/'"7"Hf = 0.28219), rimming a core whose Hf signature is within the
above-mentioned range ('"°Hf/!'"7Hf = 0.28253). Outside of analytical uncertainty, only a
few samples (such as DG236 and DG314; Fig. 5a) definitely record a range in
V6L £\ TTH,

2) Zircons in the Capraia dacite (DGO05-1) have a homogenous Hf isotopic
composition (mean '"*Hf/!"7Hf = 0.28260 + 0.00001; MSWD = 0.77; n = 12), with
average e¢Hf(?) ~ -6 and Tom ~ 875 Ma (Electronic Supplementary Material E). Within

10
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uncertainty, this volcanic rock overlaps the most radiogenic component in the plutonic
samples (mean 7°Hf/!""Hf = 0.28263 = 0.00002; MSWD = 2.7; n = 10; Fig. 5a).

3) Except in very few cases (see below), differences in Hf isotopic composition
between zircon cores and rims could not be resolved outside of analytical uncertainty.

4) In general, there is no obvious correlation between the zircon textures, or extent of
resorption, and the Hf isotopic composition.

5) Overall, there are no clear changes in "Hf/"""Hf with time (Fig. 6), i.¢., the granite
porphyry sample DG259 (oldest) has '"*Hf/!”’Hf values similar to those of the Porto
Azzurro sample DG23 and Giglio sample DG264 (youngest).

6.3. Oxygen isotopic data

Forty-four zircon grains of magmatic origin have been analysed for oxygen isotopes by
SIMS. Fig. 5b and Electronic Supplementary Material F report all available oxygen
isotopic analyses, adopting the same nomenclature as for Hf. When possible, both cores
and rims were analysed. Because the oxygen data were acquired after the Hf laser
ablation analyses, the laser pits and the ion microprobe spots do not coincide exactly.
However, as far as possible, we have targeted the oxygen analyses to be close to the Hf
laser pits within the same compositional or petrographic zone (cf. Gagnevin et al., 2010).
Care was taken to avoid previous U-Pb analytical spots to avoid the possible effects of
the oxygen primary beam used in SIMS dating. We report the 5'*0 values measured in
zircon (6'%0z¢) as opposed to 6'%0 inferred to represent the value of the melt (5'*Omet)

(Fig. 5b; see below).

The most important results arising from these data are summarized below:

1) Zircons in both plutonic and volcanic samples record a range of 6'%0zc (7.1-11.4%o
and 5.9-7.5%o, respectively) (Fig. 5b). Thus, except in one case (grain DG264-1; 6'%0 =
7.1%o), plutonic and volcanic zircons have a distinct O isotopic signature, although the
6"%0z difference between the two is generally < 1%o (Fig. 5b). The highest 6'%0zc was
recorded in the oscillatory-zoned rim of grain DG23-38 (P. Azzurro) (19.2%o; not plotted

11
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in Figs. 8-9 because it is out of scale), which has an inherited core (Electronic
Supplementary Material F).

2) Zircons in the Capraia sample DGO05-1 record heavier values (up to 7.5%o) than
zircons in typical mantle-derived magmatic rocks (5.7 + 0.5%o; Eiler et al., 1998) or
peridotitic mantle rocks (5.3 £ 0.3%o; Valley et al., 1998) (Fig. 5b).

3) Intra-grain zircon §'30 isotopic heterogeneities also in both plutonic and volcanic
samples. In the MC plutonic system, 6'®0zc varies from 8.6%o in the core of grain
DG314-55 (monzogranite) to 10.0%o in the rim, and from 8.2%o in the core of DG259-23
(granite porphyry) to 10.0%0 in the rim (Electronic Supplementary Material F).
Otherwise, no clear difference in 6'®0zc is observed between cores (average 9.31 +
0.47%0) and rims (average 9.87 + 0.29%o), though we note a slight tendency for the rims
to have heavier oxygen values. In the Capraia dacite (DG05-1), intra-grain zircon 6'%0zc
variations are also present, i.e., grains 1 and 10 have rims heavier than cores (e.g. Fig.
2f), though most of other grains do not display any significant changes in 6'*Oz.

(4) As for Hf isotopes, there is no clear change in §'30zc with time.

7. Discussion

7.1. Reappraisal of geochronology and implications

Overall, our new in-situ zircon U-Pb data are in broad agreement with published Ar-Ar,
K-Ar and Rb-Sr ages (Ferarra and Tonarini, 1985; Dini et al., 2002), with slightly
younger ages obtained for the Giglio and Porto Azzurro intrusions. An age of 7.2 Ma is
likely to represent the main zircon crystallisation phase in the MC pluton, though the
rather large uncertainty as well as the occurrence of older, antecrystic zircons grain (7.5-
7.6 Ma) indicate that zircon crystallisation in the MC plutonic system may have occurred
over at least 0.5 Ma. We note that antecrystic zircons in the Capraia dacite have similar
ages to those in the MC plutonic system (7.5-7.6 Ma),

From the new U-Pb data (Fig. 3), it appears that igneous activity in Elba occurred
almost continuously over a period of about 2 Ma - from the porphyry (DG259; ~8.3 Ma)
to the Porto Azzurro monzogranite (DG23; ~6.3 Ma). This c. 2 Ma duration of

12
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magmatism is similar to the incremental assembly of plutonic bodies by successive
magma pulses inferred from zircon geochronology (Coleman et al., 2004; Glazner et al.,
2004; Matzel et al., 2006). Assembly of the MC plutonic system may have been even
shorter (0.5-1.0 Ma), as also suggested by Pb diffusion modelling in K-feldspar
(Gagnevin et al., 2005b). Our data suggest that the main phase of volcanic activity in
Capraia (7.3 Ma) was coeval (within error) with the MC plutonic system (7.2 Ma),
providing clear evidence for a close relationship between plutonic and volcanic igneous
activity within the early stage of evolution of the Tuscan Magmatic Province.

We note from these U-Pb data that intrusion of the Giglio pluton (DG264; ~5.5 Ma)
occurred a million years after that of the Porto Azzurro pluton (DG23; ~6.5 Ma). This
gap may be correlated with compressive phases of deformation affecting the inner

domain of the Apennine orogenic belt at that time (Boccaletti et al., 1997).

7.2. Zircon as magma mixing tracer in plutonic rocks

Intra-grain Hf and/or O isotopic heterogeneities in zircon are common in granitic rocks
(e.g., Kemp et al., 2006; 2007). In this study, zircon records a range of Hf (Fig. 5a) and O
(Fig. 5b) isotopic compositions outside analytical uncertainty. Moreover, "*Hf/!”’Hf and
6'%0 are negatively correlated in the plutonic rocks, i.e., high "*Hf/!”’Hf corresponds to
low 6'®0 (Fig. 5a, b). Such a correlation precludes that high §'*0 in Tuscan magmas is
caused exclusively by meteoric-hydrothermal alteration (Taylor and Turi, 1976), as Hf in
zircon is hardly remobilised during secondary processes such as weathering or
hydrothermal alteration (Hawkesworth and Kemp, 2006). Rather, these zircon
geochemical features can be explained by two magmatic processes, crustal contamination

and/or magma mixing, as discussed below.

In granitic rocks, crustal contamination may be the cause of Hf and O isotopic
disequilibria in zircon (e.g., Kemp et al., 2006; 2007; Yang et al., 2007). The occurrence
of xenocrystic zircons and inherited cores in both Elba and Giglio (Daly et al., 2007,
Gagnevin et al., 2010), together with metasedimentary xenoliths displaying petrographic

evidence of melt-forming reactions (Gagnevin, 2005), suggest that interactions with
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contaminated melts are likely to have occurred. Contamination may provide a plausible
explanation to account for the correlation between high ¢'%0 and unradiogenic Hf (Fig.
8). However, it is unlikely to explain the general pattern because 1) inherited cores (with
magmatic overgrowth) are rare in the Tuscan plutonic rocks (Table 1; Daly et al., 2007;
Gagnevin et al., 2008b) and 2) xenocrystic zircons (lacking magmatic overgrowth) are
not widespread and only occur in specific samples having Sr and Nd isotopic values
suggestive of crustal contamination (e.g. sample DG316, Gagnevin et al., 2004). This
suggests that contamination with crust was only localised into melt pockets shortly before

emplacement, rather than being a feature of the entire magmatic history.

Instead, the magma mixing hypothesis is preferred to explain the textural and
geochemical features of zircon in the plutonic rocks (e.g., Griffin et al., 2002; Shaw and
Flood, 2009). Zircons in the MC pluton, which is the most extensively studied intrusion
in the Tuscan Archipelago, have textures (such as patchy-zoned cores; Fig. 2a, b) and an
exceptionally wide range of trace/minor element content identified by electron
microprobe analyses (Gagnevin et al., 2010) that are suggestive of magma mixing
(Gagnevin et al., 2010). Generally, the range of Hf and O in zircon is unrelated to textural
changes (Fig. 2). However, we note that zircon grains in mafic enclave DG210, which
display cores with patchy-zoning (Electronic Supplementary Material C), have
unradiogenic Hf (down to '"®Hf/!7"Hf = 0.28245) and elevated 6'30zc (> 9.8%o). Despite
its occurrence in a mafic enclave, this zircon isotopic signature, together with high trace
element abundances (U>10,000-20,000 ppm; Gagnevin et al., 2010), is interpreted as
reflecting initial crystallisation in a silicic melt. It is thus possible that zircons in such
enclaves may reflect initial mechanical transfer of zircon from high-U-Th silicic magmas
into low-U-Th mafic magmas after magma replenishment, which in turn caused
resorption. Subsequent quenching permanently preserved these zircons within the
enclave.

In other cases, intra-grain core-to-rim variations towards unradiogenic Hf (e.g.,
DG314-55, Electronic Supplementary Material E) and elevated 6'%0zc (e.g., DG314-55
and DG259-23; Electronic Supplementary Material F) support zircon transfer between
radiogenic Hf, low 680, melts and unradiogenic Hf, high ¢'80 melts during/after
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recharge. In the case of DG259-23, which has been imaged by SEM (Fig. 2b), increase in
6'"%0zc from core to rim is coupled with resorption, suggesting periods of zircon
undersaturation and regrowth during transfer between different melt batches.

The similarity in 6'8%0zc and '7®Hf/'”’Hf between core and rim, as frequently
encountered in our dataset, may provide evidence for partial dissolution of initial high-U-
Th zircon followed by closed-system regrowth in similar melt batches, possibly in the
source region (Flowerdew et al., 2006). In this particular case, one would expect rims to
have a Hf isotopic composition similar to that of the surviving inherited zircon cores,
which is not observed here, as rims seem to preserve distinct Hf signature compared to
the inherited cores (e.g. grain 12, DG220; grain 23, DG23; grain 7, DG264; Electronic
Supplementary Material E). In the hypothesis where high U-Th zircon occurs at a higher
crustal level, patchy-zoning in the zircon cores might be accounted for by resorption
following repeated input of hot silicic melts derived from the same magma source (hence
having similar Hf isotopic signature). Therefore, mixing between different batches of
silicic magma is likely to have occurred (Gagnevin et al. 2005a, b), either in the source
region or in the magma chamber (e.g., Mahood et al., 1996; Wiebe and Collins, 1998;
Knesel et al., 1999).

7.3. Nature of end-members involved in mixing

These new Hf and O isotopic data on igneous and inherited/xenocrystic zircons (hereafter
named ‘older zircons’) provide new constraints on the nature of the magma sources

involved in the genesis of plutonic and volcanic rocks in the Tuscan archipelago.

Isotopic analyses of inherited zircon cores in granitic rocks, in conjunction with
zircon analyses in putative metasedimentary source rocks, can potentially yield important
clues on the nature of the crustal peraluminous component(s) involved in magma mixing.
Older zircons have a wide range of ages (from 2852 Ma to 443 Ma; Table 1) and Hf
isotopic composition. The Hf isotopic data indicate that at least three crustal components
(with eHf(y) ~ 4.5, ~ 20-25 and ~ 60-70 epsilon units; Electronic Supplementary Material

E) have intervened in the genesis of the Tuscan igneous rocks, either as magma sources
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or contaminants. O isotopic data on older zircon are scarce, but a range in 6'®Ozc (from
10.3%0 to 17.9%o0; Fig. 5b; Electronic Supplementary Material F) is also observed. No
distinct Hf and O isotopic signatures arise whether the older zircons occur as inherited
cores or as xenocrysts. Inherited cores and their magmatic overgrowths display large

difference in "°Hf/!""Hf ratios, implying prevalent open-system conditions.

Following Valley et al. (1994), 6'80zc can be directly translated to 6'%0 in the host
melt (6'80mel). The study of Trail et al. (2009), which examined experimentally the
extent of oxygen isotopic fractionation between zircon and melts of variable composition,
enabled us to extrapolate the §'30melt values at a given temperature of 800°C (i.e., average
temperature for the Monte Capanne pluton; see Gagnevin et al., 2004). A zircon-melt
fractionation factor of about 1.8 was obtained and applied to all 6'®0zc data (Fig. 5b).
Most of the §'®0meit data plot within a narrow range of ca. 11 to 13%o, which also
corresponds to most of the whole-rock 6'%0 data in plutonic rocks from Tuscany (Taylor
and Turri, 1976; Fig. 5b), and coincide, though only in part, with the older inherited
zircon data (Fig. 5b). Overall, the zircon O isotope zircon data support large scale
hybridisation within the entire archipelago, possibly in deep hot crustal zone (Annen et
al., 2006; Kemp et al., 2006; Shaw and Flood, 2009) whereby efficient mixing between
anatectic and mantle-derived melts occurred, a conclusion in line with the Hf isotopic
results (Fig. 5a, 6).

As far as this study is concerned, the rim of the zircon grains DG264-7 in Giglio
(Y7SHf/'7"Hf = 0.28219; not analysed for §'*0) and DG23-38 (with inherited core having a
discordant age and high U-rim) in Porto Azzurro (6'*Omer = 21.4%o; '"SHf/'"Hf =
0.28246) may be representative of the Hf and O isotopic compositions of the
peraluminous magma end-members involved in magma mixing. Both grains have an
inherited core, further corroborating this conclusion. The Hf signature of the rim of grain
DG264-7 is in fact similar to many older grain cores occurring in Elba (Electronic
Supplementary Material E). Generally, the extremely unradiogenic Hf signature of most
of older zircons is compatible with a metasedimentary source, which may have
undergone previous melt extraction events. On-going work on zircons from

metasedimentary rocks in Elba is aiming to better constrain possible source rocks and the
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relevance of zircon inheritance in the Elba igneous complex, and elsewhere in the

archipelago.

Our zircon trace element and isotopic data support the inference that Capraia-like
metaluminous magmas were involved in the genesis of the plutonic rocks through magma
mixing (Poli, 1992; Dini et al., 2002; Gagnevin et al., 2004; 2005a; 2005b). Compared
with the plutonic rocks, the Capraia zircons display relatively simple textures (Fig. 2f)
and limited variation in trace elements (Gagnevin et al., 2010) and isotopic compositions
(weighted mean '7Hf/!7’Hf = 0.28260 + 0.00002, n = 12; weighted mean 6'30zc = 6.82 +
0.23%o, n = 12). While 6'%0 in Capraia is lower than in the plutonic rocks, its zircon Hf
isotopic composition clearly overlaps with theirs (Fig. 5).

The peculiar, crustal-like, Hf and O isotopic nature of the Capraia zircons raises the
possibility that a supracrustal component intervened in Capraia magmatism, which can be

accounted for by the following four hypotheses:

1) The original mantle-derived magma was thoroughly contaminated by
metasedimentary rocks.

2) Capraia magmatism derives from melting of metasedimentary rocks, that is, plutonic
and volcanic rocks have the same origin, but result from different magma dynamics
(residual melts vs. cumulate).

3) Thorough mixing between crustal and mantle-derived magmas occurred in Capraia
and obliterated the original Hf and O signature of the mantle parent (e.g., Griffin et
al., 2002).

4) Capraia volcanism derives from melting of lithospheric mantle enriched by

subduction-related metasomatic agents.

The lack of physical evidence for contamination in Capraia, such as occurrence of
crustal xenoliths, common in the plutonic counterpart (Westerman et al., 1993; Gagnevin
et al., 2004), the absence of minerals typical of crustal inheritance (such as garnet,
sillimanite, cordierite; Zeck and Williams, 2002; Kemp et al., 2006) and/or apparent

absence of inherited zircon cores or xenocrysts suggest that crustal contamination or
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magma derivation from a metasedimentary source are unlikely to be the cause for the
unradiogenic Hf and elevated 6'®0zc isotopic signatures of the Capraia zircons, hence
ruling out hypotheses 1 and 2.

Hypothesis 3 may explain the striking similarity in '"*Hf/!”’Hf between volcanic
(largely mantle-derived) and plutonic (largely crustal-derived) rocks. However, we
consider this hypothesis unlikely because of the lack of textural (e.g., no quartz
xenocrysts) and geochemical (e.g., similar Sr and Nd isotopic ratios) evidence for
thorough mixing between felsic peraluminous and mafic metaluminous magmas in
Capraia. Instead, Capraia and Elba magmatic rocks preserve marked petrographic and
geochemical differences (Poli and Perugini, 2003; Gagnevin et al., 2007).

Hypothesis 4 is attractive because there is a general consensus that the source of
mantle-derived magmas in the Tuscan Magmatic Province has been severely modified by
fluid-assisted metasomatism of supracrustal origin resulting from subduction of the
Adriatic plate below the Italian peninsula (Vollmer, 1977; Hawkesworth and Vollmer,
1979; Peccerillo, 1999; Conticelli et al., 2002; 2009; Prelevic et al., 2008; 2010).
Elevated 6'80, such as observed in this study, may be related to mantle metasomatism
(Eiler et al., 1998), as also inferred from other magmatic ultrapotassic rocks in Central
Italy (Ferrara et al., 1986; Frezzoti et al., 2007). Similarly, unradiogenic Hf is a common
signature of ultrapotassic, lamproitic rocks in the Tuscan Magmatic province (with
76 H£/'77Hf ratios down to 0.28240; Fig. 5a; Prelevic et al., 2010). Generally, our zircon
Hf data rocks span the range of Hf isotopic composition exhibited by the Italian
lamproitic rocks (Fig. 5a).

Lamproitic rocks provide important insights into metasomatic processes in the source
of Tuscan magmatism (Conticelli, 1998; Peccerillo, 1999; Conticelli et al., 2009). The
Capraia lavas also display petrographic evidence for mixing involving lamproitic
magmas (occurrence of phlogopite, amphibole, sanidine), concurring with the relatively
radiogenic Sr isotopic composition in both plagioclase and bulk rocks (Gagnevin et al.,
2007), strong enrichment in incompatible elements (Poli and Perugini, 2003), as well as
clinopyroxene chemical and structural data (Chelazzi et al., 2006). We note that Capraia
lavas 1) do not display the high KoO (> 7 wt%) and MgO (> 8 wt%) common to
lamproitic rocks from Italy and generally worldwide (e.g., Davies et al., 2006), and 2)
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display more radiogenic Hf composition compared to typical lamproitic magmatism
occurring in the western Mediterranean region (Prelevic et al., 2010). The mantle-derived
end-member, inferred to be similar to Capraia magmatism, was thus not ‘purely’
lamproitic in origin, but was likely to be hybrid between lamproitic (unradiogenic
6Hf/'7THf signature) and high-K calc-alkaline (radiogenic '"®Hf/'”’Hf signature)
magmas. This implies that the veined lithospheric mantle source, contaminated with
subducted crustal material (which melting produced lamproitic melts; Conticelli et al.,
2002; Prelevic et al., 2008), was diluted by a large addition of fresh asthenospheric melts
derived from the convecting mantle (Lustrino et al., 2011). Generally, mixing between
different components within the mantle sources is thought to be important in the genesis
of lamproitic magmas within the Mediterranean region (Prelevic et al., 2010), and is
shown to be relevant to explain the Hf isotopic data of the Capraia zircons, and to some
extent, the genesis of silicic magmatism in Tuscany. The overall range in 6'*0 in Capraia
zircons, sometimes observed at the intra-grain scale (Fig. 2f), is also interpreted as
resulting from variable contribution of lamproitic-like melts in the erupted magma

products.

8. Conclusions

The petrogenesis of igneous rocks in the Tuscan Archipelago has been investigated in this
study using in-situ U-Pb, O and Hf isotopic analyses of zircon. Here, dacite (Capraia)
and granitoids (Elba, Giglio) define almost continuous igneous activity over c. 3 Ma.
This study is a rare example of the application of in-situ methods to explore the
relationships between extrusive and intrusive magmatism as well as the nature of the
components involved in their genesis. Particular emphasis has been placed on the Monte
Capanne plutonic system for which a wealth of chemical and isotopic data is now
available (Dini et al., 2002; Gagnevin et al., 2004; Gagnevin et al., 2005a,b). U-Pb zircon
ion microprobe analyses indicate that igneous activity in Elba (including the Monte
Capanne and Porto Azzurro pluton) occurred between 8.3 and 6.3 Ma, which overlapped
with volcanic activity in Capraia (7.1-7.6 Ma). The presence of antecrystic zircon in the

MC plutonic system suggests that construction of the MC pluton occurred over a period
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of c. 0.5 Ma, which overlaps with volcanic activity in Capraia. These data also indicate
that the progressive assembly of pluton-forming magma batches in Elba occurred over a
period of at least 2 Ma. The important role of magma mixing in the genesis of Tuscan
igneous rocks has been emphasised in many petrological studies (Gagnevin et al., 2005a,
and references therein). These new zircon U-Pb data suggest that hybridisation in Tuscan
intrusive rocks took place over a period of ca. 3 Ma, whilst maintaining a similar Hf
isotopic composition. We suggest that this similarity is fundamentally inherited from the
nature of the mantle-derived magma, which provided the heat source in generating

anatectic peraluminous magmas.

The range in zircon Hf and O isotopic composition (of ~7 Hf epsilon units and ~5%eo,
respectively) and the negative correlation between 6'°0 and '"®Hf/'”’Hf (Fig. 5) are
indicative of some open-system behaviour involving several magma end-members in the
genesis of the intrusive rocks, with a minor role for crustal contamination. In particular,
these data provide clear evidence that mixing between several felsic end-members has
occurred. As a corollary, we believe that any attempt to quantify the relative amount of
end-members (mafic vs. silicic) by simple mixing calculations would be meaningless.

Our zircon isotopic data provide important insights into magma processes as well as
the nature of the magma components involved in mixing. Generally,
inherited/xenocrystic grains are scarce in Elba, but may point to the nature of the felsic
peraluminous magmas involved in mixing. Older zircons display a large range in Hf (4 to
70 epsilon units) and O (10 to 18%o) isotopes, suggesting that several peraluminous
magmas may have contributed to the Tuscan magmatism, either as magma sources or as
contaminants.

Capraia magmatism represents the closest approach to the mantle-derived magma
involved in mixing. The relatively unradiogenic Hf (mean '"®Hf/'”’Hf = 0.28260) and
heavy 680 (5.9-7.5%0) in the Capraia zircons, neither of which is typical of mantle-
derived magmas (6'%0 mantle ~5-5.5%o), imply that a crustal component was involved in
the mantle source, probably as a result of metasomatism. On the basis of other
petrological studies on the Tuscan Magmatic Province, our zircon data provide further

evidence of a lamproitic origin for the Capraia magmatism, mixed with a significant
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amount of fresh asthenospheric melts. Hf isotopic data suggest that this signature is also
recorded in the plutonic realm through magma mixing.

In situ isotopic measurements on zircons are thus excellent tools to unravel complex
magmatic histories. However, we emphasise that using zircon Hf isotopic alone as a
tracer of magmatic processes may be misleading unless it is done in conjunction with

other geochemical tracers, such as oxygen isotopes.
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Figure captions:

Fig. 1: (a) Sketch map showing the magmatic centers constituting the Tuscan Magmatic
Province (TMP); the approximate location of the Roman Magmatic province is also
shown for comparison. The Tuscan Archipelago is composed of the islands of Giglio,
Elba, Montecristo and Capraia. (b) Sketch map showing the Monte Capanne plutonic
system (the most extensively studied intrusion in the archipelago; Gagnevin et al. (2005a)
and references therein), with sample localities.-The subdivision between the Pomonte
facies and the Sant’ Andrea facies (Fig. 1b) is based on the distribution of K-feldspar

megacrysts, xenoliths and mafic enclaves in the intrusion (Gagnevin et al., 2008a).

Fig. 2: Backscattered electron (BSE) images of representative zircon from Elba and
Capraia. These BSE images were obtained using a JEOL 8900 RL electron microprobe at
the Department of Geochemistry, ‘Geowissenschafliches Zentrum der Universitat
Gottingen’ (GZG) (Gagnevin et al., 2010). Yellow circles indicate the location of LA-
MC-ICPMS spots for Hf analysis (with "®Hf/!”"Hf ratio beside), blue circles indicate the
location of ion microprobe spots for oxygen analysis (with 6'%0 value beside), while the
white ellipse in (c) represents the location of the ion microprobe U-Pb analyses. (a), (b):
typical patchy-zoned zircon core, consisting of high U-Th-Y zircon (original) coexisting
with low U-Th-Y zircon (replacement zircon); (c): homogenous zircon core in the MC
monzogranite; (d): prominent oscillatory zoning occasionally punctuated by resorption
zones in a zircon from granite porphyry DG259; (e) anhedral inherited core in DG220
(unpublished data from Daly and Gagnevin), followed by oscillatory zoning; (f): zircon
texture typical of the Capraia dacite DG05-01, with little compositional contrast between

core and rim. Reported errors for both O and Hf isotopic data are at 2¢ sigma level.

Fig. 3: Summary of ion microprobe U-Pb ages obtained in this study. (a) Tera-
Wasserburg concordia diagram for zircons from the Elba and Giglio plutonic samples
(see Fig. 1); (b) Tera-Wasserburg concordia diagram for zircons in the Capraia volcanic

sample DGO05-1; Plotted uncertainties are 2c.
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Fig. 4. Weighted mean **°Pb/**®U ages for a) Monte Capanne (MC) monzogranite and
Orano dyke (OD), Monte Capanne plutonic system, Elba, excluding two analyses
interpreted to be antecrystic (see text), b) Capraia dacite (five analyses excluded), c) Elba
granite porphyry, d) Porto Azzurro granite, Elba and e) Giglio monzogranite. Samples
and individual 2c error bars are labeled as in Table 1. The main phase of zircon
crystallisation in Capraia occurred around 7.3 Ma, i.e., similar to the MC pluton, though

older and younger ages (Table 1) suggest protracted magmatism for at least 0.6 Ma.

Fig. 5: Cumulative probability plots for a) Hf and b) O isotopic variations for the samples
investigated in this study, with reported in a) the whole-rock '7*Hf/'""Hf data for the
Italian lamproites (see data from Prelevic et al; 2010) and in b) the whole-rock §'30 data
for the Tuscan igneous rocks (Taylor and Turi, 1976). Dashed line in diagram b)
represents the calculated 6'0 value of the melt (6'"*Omeir) following the experimental data
of Trail et al. (2009) (see text for details). Uncertainties for individual measurements are
at 2o level. Insets in a) and b): range of Hf and O zircon data displayed by samples
DG236 and DG314; data are arranged in order of increasing !"°Hf/!’"Hf ratios and §'0
for the two samples. These two samples exhibit a range of "°Hf/""’"Hf and 5'*0 outside
analytical uncertainty, indicative of open-system processes. We emphasise that it is likely
to be the case for most of the other samples we have investigated (since similar textures
were encountered; see Fig. 2; Gagnevin et al., 2010), but was simply not resolvable under
our analytical conditions, especially for Hf. In diagram a), most of the
inherited/xenocrytic grains are not plotted for scale reasons, as these display severely
unradiogenic Hf compositions (see Electronic Supplementary Material E). In diagram b),

the oxygen mantle values are from Eiler et al. (1998).

Fig. 6: Correlation between zircon 2°°Pb/>¥U ages and '"Hf/'"’Hf isotopic ratio in
Tuscan magmatic rocks (reported error are 2c). Note the similarity in Hf isotopic
composition between the Elba granite porphyry (old) and the Giglio monzogranite
(young), suggesting a common source throughout the magmatic evolution of the
archipelago (c. 3 Ma), which we infer to be fundamentally related to a similar mantle

parent as a trigger for anatexis.
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Table 1. U-Pb ion microprobe analyses of magmatic and xenocrysticfinherited zircons from the Tuscan Archipelago.

analysis grain  comment Vel +o  pp®pp t0 MPuAEY 230 J0-corected 226 Uppm  Thppm  Pbppm  fae%
name age (Ma) age (Ma)

DE{35 (Elba, MC plufonic systern - Crano dyke)

n2157-21b 21 rim g46 14 0.0430 0.0019 762 025 789 025 2361 751 3 0.5}
n2197-43a 43 core 8945 16 0.0494 0.0024 720 0.26 a7 0.26 938 480 1 0.7}
n2197-43c 43 rirm 200 19 0.0485 0.0024 716 030 714 030 757 431 1 {05}
DE314 (Elba, MC plufonic sysfem - monzogranite)

n1963-14a 14 core 837 7 0.0929 0.0023 719 IR R 724 017 2535 956 3 663
n1963-16b 16 rim 8593 12 0.0475 0.0011 721 0.z0 720 0.z0 2526 193 3 {0.27}
DE236 (Elba, MC plufonic sysfem - monzogranite)

n2203-4b 4 core 8560 9 0.0420 0.0016 7.50 015 747 015 2798 254 4 {0.33}
n2203-21b 21 core 6585 23 0.0452 0.0047 728 0.46 726 0.47 279 71 - {3.61}
n2203-21a 21 rim 921 28 0.0579 0.0024 7.00 0.37 B.89 0.35 410 "7 1 12}
DiG316 (Elba, MC plufonic system - monzogranite)

n2198-29a 29 inher. core 8.3 0.1 0.066 0.001 730 12 - 241 129 36 {0.04}
n21598-33a 33 inher. core 102 0.1 0.061 0.000 600 10 - 614 413 a7 {0.02}
n2198-24a 24 inher. core 10.2 0.1 0.060 0.000 606 9 - 320 171 39 {0.03}
n2198-23a 23 wenocryst 38 0o 0.120 0.001 1455 22 - 199 158 70 {0.01}
n2198-28a 28 ¥Enocryst 23 0.0 0.175 0.001 231 34 - 135 36 74 {0.01}
n2198-50a a0 wenocryst 31 0o 0114 0.001 1801 25 - 325 168 133 {0.01}
n2198-59a a9 wenocryst 6.9 0.z 0.070 0.001 ard a1 - 103 52 19 {0.00}
DE220 (Elba, MC plufonic systern - mafic microgranular enclaie)

n2200-45a 45 inher. core 100 0.1 0.065 0.001 B12 9 - 146 52 17 {0.08}
n2200-44a 44 wenocryst 141 0.1 0.056 0.000 443 7 521 BB 40 {0.01}
D259 (Elba, granite porphyry)

n2196-16a 16 core 791 12 0.0475 0.0018 g.15 025 g8.13 025 2208 521 3 {0.5)
n21596-16c 16 core 801 13 0.0474 0.0016 g.04 026 g.03 026 2063 416 3 0.5}
n2196-16b 16 core 797 14 0.0450 0.0026 8.05 0.28 8.06 0.28 1196 160 2 {0.0%
n2196-16f 16 core 785 12 0.0485 0.0017 g.14 025 g.18 025 2581 385 4 09
n2156-16gy 16 core 817 10 0.0421 0.0022 7.88 019 782 019 1358 174 2 0.5}
n2196-36¢ 36 core 782 13 0.0494 0.001% 8.24 0.27 8.21 0.27 1881 1021 3 {072}
n21596-52a a2 core 77a 13 0.0473 0.0021 g.31 027 §.30 023 1075 182 2 {0,758}
n2196-56a a6 core g22 14 0.0465 0.0017 7.84 027 783 027 1299 252 2 {0.65}
n21596-82a 32 core 773 18 0.0463 0.0036 g.34 039 g.34 0.40 477 130 1 0.0}
n2196-64a B4 inher. core 49 0.1 0.1127 0.0016 1198 BB - - 286 65 70 0.03
DiG23 (Elba, Poro-Azzurro granife)

n2202-21a 21 core a7y 26 0.0450 0.0034 6.59 0.36 6.60 0.36 432 162 1 {1.21}
n2202-23a 23 core 966 18 0.0455 0.0026 BB/ 0.25 BB/ 0.26 808 388 1 {3.33}
n2202-47a 47 core 1008 17 0.0514 0.0027 639 022 635 022 900 404 1 {0.72}
n2202-7a 7 ¥Enocryst 12.4 01 0.061 0.001 499 9 - 219 135 23 0.14
DE264 (Gigho monzogranite)

n2193-3b 3 core 1285 43 0.0455 0.0045 a.14 0.35 a.14 0.36 289 141 {3.48}
n2198-3c 3 core 1163 45 0.0491 0.0058 .54 0.43 552 0.44 312 132 - {4.94}
n2194-5a 4 rim 1136 19 0.0624 0.0067 852 0.z0 .50 021 2639 4491 3 2.58
n2195-8b g core 1170 33 0.0529 0.0039 5581 0.31 5.46 0.31 B41 387 1 {2.358}
n2198-8a g rirm 174 34 0.0455 0.0033 5.49 032 5.49 033 604 128 1 {5.07}
n2198-7b 7 inher. core 148 0o 0.236 0.001 2852 B0 - 281 373 245 0.0z
DEO5-T (Capralz dacite)

n2707-1b 1 oz fim 874 9 0.0433 0.0024 7.2 016 735 016 1 6582 1 20
n2707-1a 1 oz rim 856 g 0.0470 0.0016 734 014 7.51 014 2449 1082 3 2.4
n2707-2a 2 0Z fim 865 8 0.0470 0.0017 7.36 0.14 742 0.14 202 1020 3 08
n2707-3b 3 core ==r 3 0.0514 0.0024 693 0.14 713 0.14 1266 631 2 28
n2707-3a 3 rim 803 " 0.0501 0.0026 6.53 013 7.10 017 965 335 1 22
n2707-Ac 4 core 857 12 0.0474 0.0026 725 0.23 7.50 0.22 1040 T2 - 36
n2707-4b 4 oz interm gr2 13 0.0464 0.0034 714 026 739 024 404 262 33
n2707-4a 4 0z fim 845 " 0.0394 0.00258 728 0.23 TE9 020 712 356 - 4.3
n2707-5a |3 oz fim 881 9 0.0500 0.0022 721 016 728 016 1413 649 2 1.4
n2707-6a B oz fim 034 10 0.0467 0.0026 7.60 019 772 019 51 473 1 1.6
n2707-7a 7 0Z fim 8a0 8 0.0455 0.0017 7.55 0.14 7.55 0.14 2243 1163 3 {0.42}
n2707-8a g oz fim 850 3 0.0504 0.0019 7.80 0.14 7.54 015 2230 999 3 1.0
n2707-Sa 9 oz rim 853 g 0.0509 0.0026 739 014 7.51 015 15597 649 2 22
n2707-10a 10 0z fim 853 9 0.0435 0.0026 727 017 7.58 0.16 863 638 - 3.7
n2707-11a 1" oz fim 848 13 0.0500 0.0030 7.3 025 7.56 023 636 370 - 38
n2707-12a 12 0z fim 863 10 0.0451 0.0020 7.34 0.18 TA7 017 1633 540 2 1.7
n2707-12b 12 0z fim 851 " 0.0434 0.0021 7.35 021 780 0.20 1372 586 - 3.0
n2707-13a 13 oz fim ] 9 0.0507 0.0024 721 017 734 016 1268 676 2 2.4

fa06% is the percentage of common mﬁF‘b, estimated from the measured ™Ph,

Figures are given in parentheses when no correction has been applied owing to insignificant levels of 24Pb.
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