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ABSTRACT

Upper-Miocene tuff-breccia pipes from the Hyblean area (south-eastern Sicily) bear a number of ultramafic and mafic xenoliths (spinel-peridotites, pyrox:
enites, gabbroic rocks) whose study has led to conclude that the Meso-Caenozoic carbonatic and volcanic succession stands upon a fossil oceanic core-c
plex, probably connected with the adjacent lonian crust.

Evidence for hydrothermal metasomatism is common in the Hyblean ultramafic and mafic xenoliths. In some cases, extreme metasomatic transformatic
and shearing have deleted original mineralogy and textures yielding unusual rocks, hereafter called “metasomatites”. These rocks generally exhibit cataclas
texture, their hydrothermal mineral assemblage consisting of Na-rich alkali feldspar, chlorite/smectite (C/S) and/or smectite/illite (S/l) mixed layers, Fe-Ti ox-
ide/hydroxide * sieve-textured aegirine-augite + titanite + zircon. In addition, relics;pbiane, probably related to peridotite protoliths, rarely occur in
these rocks. Comparing metasomatite whole chemistry to typical Hyblean oxide-gabbro, overall gairaikatis, HFSE, U, Th, HREE and significant loss
in Ca and Mg are remarkable. The studied xenoliths probably represent fragments of deep-seated, mafic/ultramafic fault-breccia, recording the effects of lon
lasting hypersaline hydrous fluids circulation in the Hyblean crustal basement.

INTRODUCTION suffered a continental crust contamination process (Trua et
al., 1998; Bianchini et al., 1999).

The Hyblean area (South-eastern Sicily, Italy) can be The alteration degree of the Hyblean xenoliths is highly
considered an uplifted, emerged portion of the Pelagian-lon-variable. Previous studies have dealt with the more fresh
ian foreland (Fig. 1a). The exposed stratigraphic sequencesamples, as usual. Nevertheless, secondary minerals may be
consists of Mesozoic-Caenozoic deep water carbonates andot the mere result of post depositional weathering: instead,
Neogene-Quaternary open-shelf clastics with several levelghey possibly record metasomatic processes started at deep
of basic volcanic rocks (Fig. 1b). The latter show either OIB crustal levels, prior to xenolith entrapment. Petrography and
either MORB affinity representing three main eruptive cy- phase mineralogy of some remarkably altered xenoliths are
cles (Late Cretaceous, Late Miocene and Plio-Pleistocenereported here, aiming to infer their complex metasomatic
e.g., Bianchi et al., 1987; Beccaluva et al., 1988). Dissectedistory, hence to test their compatibility with an oceanic
seamounts, with or without emerged tops, form the domi-crust setting.
nant volcanic structures in this region (Schminke et al.,

1997).

Moreover, a few basaltic diatremes developed in the Late
Miocene age (Carbone and Lentini, 1981). Hyblean diatremes STUDIED SAMPLES
exhibit a large number of deep-seated xenoliths (spinel-facies
peridotites, pyroxenites, gabbroids: Scribano, 1987; Tonarini
et al., 1996; Punturo et al., 2000; Sapienza and Scribano, Strongly serpentinized or carbonated peridotite xenolith
2000) whose study has finally led to conclude that the inac-are very common in any Miocenic tuff-breccia occurrences
cessible crustal basement consists of a fossil oceanic corgFig. 1b). In addition, gabbro xenoliths, especially the (dom-
complex. The latter is probably connected with the adjacentinant) sheared types, are affected by a wide range of alka-
lonian abyssal plain through a (fossil) transform margin, line and hydrous metasomatism which, usually, did not
presently represented by the Malta Escarpment (Scribano edelete the original textures. Such mild to severe metasomat-
al., 2006 and references therein). The hypothesis that the lowic transformations appear in form of albitization of plagio-
er crust beneath the Hyblean Plateau is of oceanic nature islase, replacement of primary mafic minerals by Na-amphi-
supported by the following evidences: i) complete ladyof boles, aegirine augite, chlorites, smectites, Fe-oxi/hydroxes,
ical continental crust rocks among the Hyblean xenoliths; ii) widespread occurrence of zeolites, carbonates, K-feldspar.
common occurrence of sheared oxide-gabbros, closely resenMore rarely, mineralogical and textural changes have been
bling those from modern (and fossil) oceanic fracture zonesso intense to obscure the nature of the protoliths yielding
(Natland and Dick, 2001); iii) geophysical data (i.e. magneto-unusual rocks hereafter called “metasomatites”. These can
metric, gravimetric: Arisi Rota and Fichera, 1987; Della Ve- be divided in two main groups on the basis of silicate or car-
dova et al., 1989) and, (iv) the lack of geochemical and iso-bonate dominant minerals. The silicate “metasomatite”
topic evidence proving that the Hyblean volcanic rocks havexenoliths are the subject of this study.

Hydrothermally modified xenoliths
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cal sketch map of the Hyblean area with loca-
= tion of main xenolith occurrences (VG- Valle
A/Ia]n faUItS /l\/_[ain thl‘usts Guffari, CM- Cozzo Molino, CR- Carlentini,

SG- Sigona Grande). 1- Meso-Caenozoic

deep-water carbonates. 2- Upper Cretaceous
Ol-type basalts; 3- Upper Miocene basaltic
tuff-breccia deposit. 4- Plio-Pleistocenic
MOR-type basalts and Ol-type basalts/basani-
1 2 3 4 5 toids. 5- Neogene - Quaternary open shelf

clastics.

Silicate “metasomatite” xenoliths feldspar and clay minerals. Fe-Ti oxides are ubiquitous in
these rocks, whereas accessory quantity of aegirine-augite,
Silicate metasomatite xenoliths are common in the Hy-titanite, zircon, forsteritic olivine, apatite, calcite and zeo-
blean tuff-breccia deposits, but samples larger than a fewites sometimes occur.
centimetres are rare, probably due to the intrinsic, friable Sample FBZ from the Valle Guffari tuff-breccia deposits
nature of these rocks. This fact, coupled with their extreme(Fig. 1b), in spite of its small size @.5 x 3 cm), exhibits a
textural and compositional heterogeneity, implies that onegood assortment of above mentioned minerals, hence it rep-
xenolith normally does not adequately represent the originakesents a suitable example for Hyblean metasomatites. This
deep-seated metasomatic rocks. Silicate “metasomatite’kenolith is composed of a roughly lenticular, relatively
xenoliths generally show cataclastic texture, their mineralcoarse-grained core (zone |) enfolded by a finer-grained,
assemblages being largely dominated by Na-rich alkaliheavy sheared feldspatic - clayey matrix (zone Il). Zone (I)
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consists of aggregates of stubby, mortar-textured alkaliclay minerals (Fig. 2a). Locally, two or more of these yel-
feldspar grains tightly interlocked with dark, irregular, low rings join together, forming irregular clayey zones
rounded-edged, hydrous-mafic small patches. The lattemwhere sparse fractured zircon grains and their numerous
comprehend a vary textured assemblage of mafic clays andounded fragments are often immersed (Figs. 2h, 3a).

Fe-Ti oxide/hydroxides, rounded relics of sieve-textured ae- Zone (ll) is composed of elongated areas of stretched al-
girine-augite and ehuedral grains or crystal fragments of ti-kali feldspar porphyroclasts with wide subgrain swarms,
tanite (Figs. 2a, 2b, 2i). The boundary between mafic patch-permeated by-, hence immersed in-, a pale coloured clayey
es and host feldspar is marked by yellowish aggregates omatrix, forming altogether a pseudo-fluidal, near mylonitic,

Fig. 2 - Plane polarized light micropho-
tographs of different parts of metasomatite
xenolith FBZ. a) Typical hydrous-mafic patch
(dark brown) from the core zone (I) of the
xenolith. A clayey rim (pale brown) separates
this patch from surrounding alkali feldspar
(Afs- alkali feldspar; S/I- smectite/illite
mixed layers; Fe-ox- Fe-oxide/hydroxide;
C/S- chlorite/smectite mixed layers. Other §
symbols after Kretz, 1983). b) Rounded, [
sieve-textured relic of aegirine-augite sur-
rounded by vary textured mafic clays (C/S)
inside one of above mentioned mafic patches
(zone 1). ¢) Alkali feldspar porphyroclast im-
mersed in a turtle-shell textured clayey matrix &
from the sheared xenolith shell (zone l1). d)
Elongated relic of Mg-rich olivine from zone
Il; e) Scanner-acquired image of part of a thin
section from zone (I1): whitish areas represent
alkali feldspar, greenish streaks mostly con-
sist of clay minerals, dark patches are Fe-Ti
oxide minerals. f) Rounded olivine relic im-
mersed in a clayey matrix (zone Il). g) Typi-
cal zircon grain and its rounded fragments
from zone (ll). h) Zircon grain immersed in
the clayey corona of a hydrous-mafic patch
from zone 1. I) Titanite micrograins set in a
mafic-clayey matrix from zone I.
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texture (Fig. 2e). These pale-coloured clayey areas are oftefihe latter host coarse ehuedral grains of titanite, tiny zircon

cross cut by a complex set of micro-fractures, producing anfragments and sparse serpentinite shards.

irregular polygonal array. The polygon centres are always

occupied by concentric shells of different clay minerals,

outer rims consist of pale green or pale brown isotropic or ANALYTICAL METHODS

near isotropic, probably colloidal, material. Sometimes

these microfractures are marked by reddish iddingsite (Fig. Mineral chemistry of the above mentioned FBZ metaso-

2c¢). Fe-Ti oxides are ubiquitous in these mesh-texturedmatite xenoliths was investigated by electron microprobe

clayey areas, together with sparse, fractured zircon grainganalyser (EMPA) Cameca Camebax Microbeam of the

and their numerous, rounded fragments (Fig. 2g) and rareC.N.R. - Centro di Studi per la Geodinamica Alpina (Pado-

relics of Mg-rich olivine (Figs. 2d, 2f). va, Italy), equipped with four vertical WDS X-ray spectrom-
Other metasomatite xenoliths from Hyblean diatremeseters and one EDS spectrometer. Total iron is reported as

are less representative than above reported FBZ, since thelyeO. Synthetic oxides and minerals were used as standards.

do not contain one or more of the above mentioned miner-X-ray intensities were automatically corrected to oxide per-

alogical components. For istance, sample VB6 exhibits acent concentrations by PAP method. Prevention for loss of

coarse grained feldspatic core and a mylonitic clayey shellalkalis in alkali feldspar and other minerals was achieved by

closely similar to above described zone (II) of sample FBZ, moving the stage slightly around during acquisition (analyti-

whereas the hydrous-alkaline-mafic parts are missing. Oncal conditions: electron beam voltage = 15 kV and current =

the other hand some xenoliths (e.g. sample FB-A) consist ofLlO nA, counting times set to 10 sec for both peak and back-

a millimetre-scale alternance of albite and mafic-clay layers.ground). Additional analyses were performed using a

100 Lm s U0 R i R\ e B o 19
Fig. 3 - SEM images showing some details from zone (l) of the FBZ metasomatite xenolith. a) zircon grain (white in the photo) with a little satellite fragment
(pointed by arrow), immersed in a clayey medium. The medium-gray small circles consist of Al-saponite clays, whereas the pale-gray scales ar
saponite/glauconite mixed layers. . Dark grey areas represent alkali-feldspar (Afs). Other symbols for minerals following Kretz, 1983. b) Magnification of the
outlined section of the same zircon grain. The improved contrast evidences some patchy zoning (whitish areas in the photo), empty pores (former fluid incl
sions) and a relatively large inclusion (pointed by the arrow) of silicate material, akin to a clay mineral in composition. c) Clay minerals and alkali feldspar
fragments. Note the saponite channels connecting different fibrous saponite globules. d) Part of an aegirine-augite relic enveloped by different clay minera
in a mafic patch from zone (l). The present sieve-textured rim and the clayey original ghost border are clearly visible (C/S- chlorite/smectite mixed layers
Sap- discrete Al-saponite: S/I- smectite/illite mixed layers).
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“LEO” SEM fitted with an EDS (operating conditions: 20 21
kV, 20 nA, lifetime 100 s, PAP corrections) at the Istituto 3¢ a chlorite
Nazionale di Geofisica e Vulcanologia - Catania. X-Ray dif- © 20
fraction (XRD) analyses on powdered whole-rock have & °
been performed using a SIEMENS D-5000 automatic dif- ~ 194
fractometer at Dept. of Geological Sciences, University of %‘0 saponite
Catania. Whole-rock analyses were performed at Service 8-
d’Analyse des Roches et des Mineraux (SARM) laborato- l’-%:
ries in Nancy, France. Major elements were obtained by In- "+ 174
ductively Coupled Plasma Emission Spectrometry (ICP), = ; y
trace elements by Inductively Coupled Plasma Mass Spec * 16- eidellite
trometry (ICP-MS). CO2 was detected volumetrically. Total @2 15
iron is reported as E®,. One whole-rock analysis has been 0 1 P 3 4 5 6
performed by XRF spectrometry using a Philips PW-1400
spectrometer for both major and trace elements, at Dept. o Al (28 Ox)
Geological Sciences, University of Catania. o
% 04- b r ¥ 5“%
RESULTS = C/S mixed layerss”
03 £ /
Mineral compositions A 5’ ° :
Alkali feldsparconsists of strongly deformed, albite por- 'ct 02 ¥ o ré
phyroclasts (A, .- OF,,- An,.) with wide, finely frag- % o
mented, neoblastic rims, probably due to fracturing after re- & 04 oy e——" 2
crystallization. The latter exhibit an increase in Or compo- & chlorites, e
nent which never exceeds 25 mol% (Table 1) Porphyro- Nt
clasts generally exhibit chessboard extinction. Elongated 5 6 7 8
grains rarely show mechanically distorted Carlsbad and
faint, very thin, pericline lamellae. XRD results on Si (28 Ox)

bu'k_rOCk powders are consistent with a Complete Al, Si or- Fig. 4 - Discriminating diagrams (after Fulignati et al., 1997) for clay min-
dering, hence low-temperature structural state of these alkaleras from zone Il (circles) and zone I (squares) of FBZ metasomatite
feldspars (e.g. sharp peaks at 3.19 A, 3.21 A, 6.54 A:xenolith. Formulae were calculated on 28 Oxygen equivalents basis. a) Di-
JCPDS, Mineral Powder Diffraction Files, 1980). The agram based on the sum of major non interlayer cations (Si + Al + Fe +
fe|dspar sheared zones are a|WayS permeated by a close EMg) 'S tota}l Al (a.p.u.f.- atqms per unit formula). b) Diagram based on the
ray of phyllosilicate flakes (Figs. 3a, 3c). sum of major interlayer cations (Ca + K+ Na) vs Si a.p.u.f.
Phyllosilicates Mixed layers chlorite/smectite (C/S), dis-
crete saponite (S), and smectite/illite mixtures (S/I) were gjy6ve) conform to mixed layers chlorite/smectite: Si is al-
identified from rmcroprobe analyses. Formulae were calcu-Ways higher than the highest value for discrete chlorites (=
lated on the basis of 28 Ox for (C/S) and 22 Ox for (S) andg 5 cations/28 Ox: Bettison and Schiffman, 1988). Ca and
(S/), always assuming total iron as divalent (Tables 2, 3).x represent the dominant interlayer elements. Sum of inter-
Compositions of clay minerals from the mafic patches (Seelayer cations varies from 0.20 to 0.45; Mg# (i.e. 100
Mg/(Mg + Fée* tot.) varies from 0.4 to 0.6. Plotting major

. . non interlayer cations (= Si + Al + Mg + Fe) vs total Al, the
Table 1 - Representative microprobe analyses (WDS) of al'analysed C/S fall near the middle point of the chlorite -

Kal felfjsp_ar frpm metasomatite xenolith FBZ (P= porphy- saponite tie-line (Fig. 4a: cf. Fulignati et al., 1997 and refer-

roclast; S= periphery subgrain). ences therein). The same diagram also discriminates Al-
saponite/beidellite interlayers. Sum of main interlayer
cations (Ca + Na + K) vs Si (a.p.f.u./28 Ox) also show the

ALKALI FELDSPAR

chlorite/smectite interlayered nature of the studied clays. All

1 2 3 4 5 plots evidence two groups with different C/S ratios (Fig. 4b).
wito P P P S S On the other hand, the diagram of K vs tetrahedral Al
2:02 69.14 6931 69.60 69.45 67.23 puts into evidence smectite/illite (glauconite) interlayers

05 19.35  19.65 19.01 19.12 21.33 2 . . .
Tio, 0.00 0.00 0.01 0.00 0.00 (Fig. 5: see D’Antonio and Kristensen, 2005 and references
FeO* 0.26 0.07 0.19 0.11 0.28 therein). These clays exhibit elevated content J@ k= 4.5-
MnO 0.03 0.00 0.02 0.07 0.00 5 wt%), CaO (= 5-6.5 wt%), low FeO and MgO. More inter-
MgO 0.00 0.01 0.00 0.00 0.00 estingly, these clay minerals exhibit significant amount of
CaO 013 020 0.02 0.40 0.35 Ba and Sr (Table 3, anls. 15-18), likely substituting K and
E%O 18'23? 13'2198 101;5 29;’31 37 2837 Ca, respectively, in X site. XRD analyses on diverse whole
Total 10052 10071 100.59 100.99  100.29 rock powders show g = 15.5 A with wide, uneven peak
mol% suggesting the occurrence of random interlayers. On the
Ab 95 97 98 81 77 contrary, no mica peak{0 A) has been detected.
Or 4 2 15 16 22 Detailed SEM observations on FBZ clay minerals evi-
An 1 1 0.5 3 1 dence the vary texture nature of C/S, the generally globular
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Table 2 - Representative microprobe analyses of mafic clays from zone (1) of xenolith FBZ.

CLAY MINERALS ( Oxygen equivalents = 28)
Chlorite/Smectite mixed layers

Anl# 6 7 8* 9 10* 11 12 13* 14*
wit%
Sio, 36.80 35.21 36.78 35.51 35.38 34.95 36.60 36.79 35.30
Al,O, 10.58 10.95 12.58 11.47 12.08 11.14 11.07 12.63 11.92
TiO, 0.94 0.08 0.68 0.08 0.49 0.47 1.19 0.75 0.40
Cr,04 0.03 0.00 nd 0.00 nd 0.05 0.00 nd nd
FeO* 23.61 21.72 18.00 22.97 21.64 23.01 20.72 17.86 21.21
MnO 0.14 0.19 0.00 0.24 0.00 0.22 0.00 0.00 0.00
MgO 15.20 18.96 17.86 17.59 15.39 16.40 17.41 17.73 14.87
CaO 0.92 0.67 0.7 0.64 1.27 1.10 0.79 0.75 1.26
Na,O 0.11 0.04 0.00 0.14 0.00 0.12 0.07 0.13 0.00
K,0 0.73 0.22 0.65 0.22 0.48 0.53 0.06 0.66 0.64
Total 89.06 88.04 87.25 88.86 86.73 87.99 87.91 87.31 85.62
A.p.u.f.
Si 7.476 7.176 7.374 7.205 7.308 7.203 7.384 7.371 7.380
Al IV 0.524 0.824 0.626 0.795 0.692 0.797 0.616 0.629 0.620
Al VI 2.009 1.806 2.346 1.948 2.249 1.909 2.016 2.353 2.317
Ti 0.144 0.012 0.102 0.012 0.076 0.073 0.181 0.113 0.063
Cr 0.005 0.000 - 0.000 - 0.008 0.000 - -
Fe 4.011 3.702 3.017 3.897 3.738 3.965 3.496 2.992 3.708
Mn 0.024 0.033 0.000 0.041 0.000 0.038 0.000 0.000 0.000
Mg 4.603 5.760 5.337 5.319 4.738 5.038 5.235 5.295 4.634
Ca 0.200 0.146 0.151 0.139 0.281 0.243 0.171 0.161 0.282
Na 0.043 0.016 0.000 0.055 0.000 0.048 0.028 0.051 0.000
K 0.189 0.058 0.065 0.057 0.127 0.140 0.016 0.169 0.171
3 cat. 19.228 19.533 19.120 19.468 19.209 19.462 19.142 19.133 19.174
Mg# 0.53 0.60 0.63 0.42 0.56 0.44 0.40 0.63 0.55

The asterisk (*) close to the analysis number (Anl#) denotes EDS method, other analyses have been obtained by WDS. All analyses were calculated on the
sis of 28 Oxygen equivalents. Mg# = Mg/(Mg + Fe*); Fe has been assumed as total divalent (FeO*).

and fibrous occurrence of saponite, also forming braide 2
narrow channels throughout the clayey zones, and the fl
pattern of Fe-beidellite/illite mixtures (Figs. 3c, 3d). g
Aegirine augiteoccurs as rounded, sieve-textured relics
inside the above mentioned hydrous-mafic pools (Figs. 2 1.6+ u
3d). It appears strongly pleochroic: X = leaf greers X =
yellowish green. Microprobe analyses evidence irregule
variations for the aegirine component, from 17 to 33 mol?
(average of 14 point analyses = 23 mol%). Mg# varies frot
0.47 to 0.63 (average of 14 anls. = 0.53). It must be r¢
marked that less sodic compositions (i.e. Ca/Na higher thi
= 3) necessitate some ¥¢= 0.016-0.037 a.p.f.u.), in addi-
tion to Si, Al and Ti, to achieve tetrahedron stoichiometry
Some representative spot analyses are reported in Table 4
Zircon appears as stubby, highly fractured grains alon
with rounded fragments disseminated in the clayey zone N
(Figs. 29, 2h, 3a, 3b). EMP (WDS ) analyses (Table 5) sho [ )
slight, irregular compositional zoning (Sj@ 31-32 wt%, g | celadonite
ZrO, = 64-67 wt%, FeO = 0.3-1.8 wt%. A number of fluid I R
and silicate inclusions sometimes give these zircons S .
cloudy appearance. No optically detectable zircon grains t 0 04 08 12 1.6 2
tally free of inclusions have been observed. Qualitativ
(EDS) analyses on silicate inclusions show compositior K apfu.(22 Ox)
compatlble Wlt.h the. above repo.rted Ca—'Sr-Ba-bea'lnng glau_Fig. 5 - K vs Al(iv) apfu. plots for clay minerals from zone | (squares) and
conite/nontronite mixtures. No information on fluid inclu- zone I (circles) of representative FBZ metasomatite xenolith. Formulae

s_ions is presently avai!able- Zircon grains from_ a representa cajcylated on 22 Oxygen equivalents. Discriminating fields after D'Anto-
tive fragment of xenolith FBZ have been studied for U-PDb, nio and Kristensen (2005) and references therein.
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Table 3 - Representative microprobe analyses of clay minerals from zone (II) of xenolith FBZ.

CLAY MINERALS (Oxygen equivalents = 22)

lllite-rich mixed layers Smectite-rich mixed layers

Anl.# 15* 16* 17* 18* 19 20 21 22 23
wt%
SiO, 46.64 41.95 47.64 43.78 49.54 46.42 46.38 43.59 42.37
AlL,O, 10.67 18.18 20.08 20.48 17.14 8.83 8.97 10.03 9.61
TiO, 0.00 0.00 0.00 0.00 0.00 0.04 0.07 143 0.87
FeO* 0.43 3.19 0.40 0.46 0.75 10.62 9.67 20.52 23.52
MnO 0.00 0.00 0.00 0.00 0.01 0.02 0.12 0.00 0.00
MgO 0.00 1.13 0.21 0.42 0.17 18.09 18.05 6.45 6.88
CaO 6.34 5.30 5.46 6.22 4.64 1.22 1.45 1.06 0.92
Na,0 0.36 0.25 0.33 0.16 0.61 0.00 0.07 0.42 0.38
K0 4.69 4381 5.04 4.75 3.87 2.52 211 3.95 3.29
BaO 1.34 1.32 141 1.23 nd nd nd nd nd
SrO 0.6 0.97 0.97 0.91 nd nd nd nd nd
Total 80.07 77.10 81.54 78.41 76.80 87.76 86.95 87.45 87.84
A.p.u.f.
Si 7.360 7.074 7.385 7.101 7.876 6.934 6.948 6.954 6.834
Al iv 0.640 0.926 0.615 0.899 0.124 1.066 1.052 1.046 1.116
Al vi 3.018 2.687 3.053 2.016 3.087 0.488 0.532 0.840 0.660
Ti 0.000 0.000 0.000 0.000 0.000 0.004 0.008 0.172 0.106
Fe 0.057 0.450 0.052 0.062 0.100 1.326 1.212 2.738 3.172
Mn 0.000 0.000 0.000 0.000 0.001 0.003 0.015 0.000 0.000
Mg 0.000 0.284 0.048 0.101 0.040 4.027 4.031 1.534 1.654
Ca 1.072 0.957 0.907 1.081 0.790 0.195 0.233 0.182 0.158
Na 0.110 0.082 0.099 0.051 0.188 0.001 0.021 0.130 0.118
K 0.944 1.034 0.997 0.982 0.785 0.480 0.403 0.804 0.676
Ba 0.083 0.087 0.086 0.078 - - - - -
Sr 0.055 0.095 0.087 0.086 - - - - -
3 cations 13.339 13.677 13.328 12.457 13.001 14.525 14.461 14.398 14.546
Mg# 0.38 0.48 0.40 0.28 0.75 0.76 0.36 0.34

The asterisk (*) close to the analysis number (Anl#) denotes EDS method, other analyses have obtained by WDS. All analyses were calculated on the basi:
22 Oxygen equivalents. Fe has been assumed as total divalent (FeO¥).

Table 4 - Representative microprobe analyses (WDS) of ae-Table 5 - Representative microprobe analyses (WDS) of zir-

girine-augite relic from zone (1) of xenolith FBZ. con grains (Anl# 29, 30), titanite (Anl# 31) and isotrope
material (Gel: Anl# 32) from zone (Il) of FBZ metasomatite
xenolith.
AEGIRINE-AUGITE ZIRCON TITANITE GEL
Anl# 24 25 26 27 28 W% 29 30 31 2
wish Sio, 3235 3217 30.18 60.95
Sio, 52.18 52.04 52.31  50.97 51.10 ALO, 0.01 0.03 0.46 12.90
Al20, 0.83 0.67 0.77 0.55 0.35 Tio, 0.04 0.01 36.85 0.79
TiO, 0.43 0.51 0.42 0.49 0.17 FeO* 183 114 208 —
Cr,0, 0.00 0.00 0.00 0.05 0.00 MNnO 0.00 0.00 0.15 053
FeO* 19.19 19.01 18.93  10.60 19.16 MgO 0.00 0.03 0.00 152
MnO 0.96 1.23 1.09 1.03 1.03 cao 0.03 007 26.59 206
MgO 6.02 6.26 6.36 8.32 7.30 Na,O 0.00 0.00 0.46 0.88
cao 15.8 16.44 16.25  19.31 18.51 K0 0.00 0.00 0.00 189
Na,0 4.43 4.28 4.42 2.20 2.40 210, 65.74 66.47 nd nd
Total 99.84 100.44 100.55 101.21 100.77 Total 100.00 99.92 96.97 88.86
mol%
Di+Hd 65 67 65 82 81
Agt 33 32 33 18 19
Ts 2 1 2 0 0
Mg# 0.51 0.55 0.56 0.58 0.51

Di+Hd= Ca - Al(iv); Aeg= Na; Ts= Al(iv). F& has been estimated on stoi-
chiometry basis.
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Lu-Hf isotope systematics by Sapienza et al. (2005a). Pub Table 7 - Representative whole rock analyses (major and

lished preliminary results show that U-Pb ages for fifty-

eight zircon grains scatter from 184 to 283 Ma, with ~ 72%
data clustering around 245+9 Ma and lying close to Concor-
dia. Five grains show scattered U-Pb ages from 1939 te
2687 Ma.

Titaniteis a common mineral phase in the Hyblean sili-
cate metasomatites. It occurs in the mafic patches from zon
() as small euhedral grains or coarse, anhedral fragments
Other metasomatite xenoliths (e.g. sample FBA) exhibit
coarse euhedral titanite crystals. Microprobe (WDS) analy-
ses show a quite uniform composition. Low totals are proba-
bly due to some intracrystalline OH (Table 5, anl. 31). Com-
position of the gel-like material from zone (Il) (see previous
section) broadly approaches an illite/nontronite mixture, but
with a significant excess of silica (Table 5, anl. 32).

Olivine occurs as tiny, either elongated or rounded relics
(Figs. 2d, 2f) immersed in clay minerals. Some microprobe
spots, relatively distant from the relic rim, show the highest
magnesian composition (Ed which probably records the
protolith olivine. Iron dramatically increases towards the
relic rim (Table 6).

Fe-Ti oxides are ubiquitous in these metasomatite xeno-
liths, especially in sample FBZ. Relatively coarse Fe-Ti ox-
ide grains exhibit irregular shape consisting of close inter-
growths of magnetite, Ti-magnetite and ilmenite. Euhedral
micrograins consist of magnetite and subordinate hematite.

Rare apatitemicrograins are set only in the mafic patches
from zone |, close to titanite grains.

Very rare calciteoccurs as tiny ovoids immersed in the
clayey material.

Whole-rock chemistry

Two fragments representing mylonitic shells of metaso-
matite xenoliths VB6 and FBZ have been analysed for ma-
jor and trace elements. A fragment enriched in the core
component (zone 1) of xenolith FBZ has been also analysec
by XRF for major and some trace elements. These analyse
are reported in Table 7. Despite significant compositional
differences between shell- and core-derived fragments,

Table 6 - Representative microprobe analyses (WDS) of
olivine relic from FBZ xenolith (zone ).

OLIVINE
Core Rim(a) Rim(b)

Anl# 33 34 35
wt%
Sio, 42.11 41.88 40.33
TiO, 0.00 0.00 0.02
Cr,0O, 0.00 0.00 0.02
FeO* 9.20 9.34 15.65
MnO 0.10 0.32 0.32
MgO 50.22 50.09 43.71
CaO 0.07 0.06 0.36
Total 101.70 101.69 100.41
mol%
Forsterite 91 90 83
Fayalite 9 10 17

some trace elements) of representative portions from two
metasomatite xenoliths (VB6 and FBZ).

METASOMATITE OXIDE-
GABBRO
VB6-f FBZ(Il) FBZ(I) FB-f1
wit%
Sio, 57.66 54.82 51.98 36.40
TiO, 0.46 0.41 0.79 5.40
AlLO, 16.10 16.11 15.79 10.00
Fe0; 6.00 6.61 8.07 22.30
MnO 0.16 0.11 0.18 0.20
MgO 1.52 2.68 3.96 9.00
CaO 1.24 1.29 2.83 13.40
Na,O 4.73 4.53 3.15 1.30
K,0O 4.72 3.42 3.59 0.10
P,0Os 0.00 0.00 0.10 0.10
L.O.l 7.34 9.93 9.51 1.00
Tot. 99.93 99.91 99.95 99.20
H,O 6.70 9.66 nd 0.90
COo, 0.64 0.27 nd 0.10
ppm
La 255 184 24.3 45
Ce 56.1 35.5 81.5 17.4
Pr 6.5 3.7 nd 3.1
Nd 23.3 12.9 nd 19.3
Sm 4.7 2.4 nd 5.3
Eu 1.1 0.6 nd 1.9
Gd 3.9 19 nd 5.8
Tb 0.5 0.3 nd 0.7
Dy 35 2.2 nd 4.0
Ho 0.6 0.4 nd 0.7
Er 1.9 1.4 nd 1.8
m 0.3 0.2 nd 0.2
Yb 25 2.1 nd 1.3
Lu 0.5 0.4 nd 0.2
\% 5.1 7.6 9.5 534.8
Cr 0.0 5.2 7.1 56.8
Co 1.7 2.5 1.2 61.7
Ni 12.8 60.8 25.8 60.3
Cu 0.0 0.0 nd 49.3
Zn 192 93.0 87.2 219.3
Sr 668 454 2454 1063.6
Rb 50.5 38.0 49.4 3.2
Ba 738 538 2797 83.8
Th 3.8 6.3 nd 0.0
Ta 5.0 5.2 nd 0.6
Nb 69.6 73.2 nd 7.0
Zr 511 639 277 59.8
Hf 12.5 15.6 nd 2.0
Y 15.6 10.9 12.2 20.6

VB6F= represents the sheared outer shell of xenolith VB6. FBZ(I) repre-
sents the inner zone of xenolith FBZ. FBZ(II) represents the outer shell of
the same xenolith. n.d.= not detected. The chemical composition of a typi-
cal Hyblean oxide-gabbro xenolith (sample FB-f1, Scribano et al., 2006)
has been also reported for comparisons. Analithical methods: major ele-
ments of VB6F, FB(Il) and FB-F1: E-ICP; FBZ(I): XRF. Trace elements
of VB6F, FB(ll) and FB-F1: ICP-MS; FBZ(I): XRF.
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overall metasomatite compositions display elevated alkalisshows that metasomatites have had overall gain@ -
(Na,O = 3.1-4.5 wt%; KO = 3.4-4.7 wt%), EO (= 7-10 kalis, HFSE, U, Th, HREE and significant loss in Ca, Mg,
wt%) and relatively low CaO (=1.2-2.8 wt%), consistent Fe (Mg > Fe) and MREE. In particular, the enrichment in
with the high modal abundance of alkali feldspar and clayNa is primarily due to secondary alkali feldspar with subor-
minerals. In addition, high Zr (up to 639 ppm), U (up to dinate contribution by Na-pyroxene and clay minerals. The
1.48 ppm), Th (up to 6.39 ppm) are related to the dissemidatter generally represent the most important depositors for
nated zircon grains. K, though K-feldspar veinlets cross-cutting albite porphyro-
clasts have been observed in some Hyblean metasomatites
(e.g. xenolith VB6: Scribano et al., 2003). On the other
DISCUSSION hand, the released Ca and Mg can account for the occur-

A prime goal of this study is to infer the nature of the
metasomatite protolith(s). For this purpose, the relics of ae-
girine augite occuring in the hydrous-mafic patches from
zone (1) of xenolith FBZ provide key information. Indeed,
this mineral is very common in other Hyblean metasomatic
xenoliths, whose texture and chemical composition testify a
gabbroicparentage Moreover, hydrothermal aegirine-
augite is well known in diverse ophiolitic metagabbros, as
well as those from the Italian Northern Apennines (e.g.
Cortesogno and Lucchetti, 1984). Ca-Na- pyroxene is
strongly out of equilibrium in the studied metasomatite,
having been largely replaced by mafic clays (C/S mixed lay-
ers), probably representing retro-hydrothermal products af-
ter chlorite (Robinson et al., 2002).

We suggest a hydrothermal origin of titanite and zircon
grains from the studied metasomatites. This hypothesis is ir
agreement with both experimental studies and natural evi-
dences indicating that halogens-bearing hydrothermal fluids

Pb

are capable to mobilize even highly “immobile” HFS ele-
ments, including Zr (e.g. Rubin et al., 1993; Kerrich and
Kyser, 1994; Aja et al., 1995; Salvi and Williams-Jones,
1996; Hoskin et al., 1998; Geisler et al., 2002; Hoskin,

FBZ (1)
FBZ (=== =

VB6-f ————

2005). In addition, recent studies reveal that hydrothermal
clays and other hydrous minerals from brine-saturated
oceanic crust contain significant quantity of Zr (Plank and
Langmuir, 1998; Lassiter et al., 2002; Boschi et al., 2005).
Moreover, hydrothermal zircon and unusual Zr-bearing
mineral phases (e.g: pta,Zr(CO,),3H,0, weloganite)
have been reported from fossil oceanic crust occurrence:
(e.g. Sudetic ophiolite: Dubinska et al., 2004).

The high modal abundance of zircon in the studied
“metasomatite” (more than 100 grains have been extracte(
from a 2 cm fragment of xenolith FBZ: Sapienza et al.,
2005b) also support the hydrothermal origin of this mineral
(Pettke et al., 2005). Moreover, silicate inclusions from the
studied zircon grains suggest that they have crystallized in -
clayey medium, (see previous section and Fig. 3b). Never- =~
theless, even admitting that a few zircon grains from theN.‘l f
FBZ metasomatite record an early magmatic source, this -
would not be in contrast with the oceanic origin of the stud-
ied rock, since igneous zircons have been found in different'=°
oceanic settings (e.g. Cannat et al., 1997; Brunelli et aI.=Fe
2005).

Olivine represents another important relic mineral from
the metasomatite xenolith. The Mg-rich compositionyFo
of this mineral conforms with olivines from Hyblean mantle
peridotites (e.g. Scribano, 1987). This fact, coupled with the
occurrence of mesh-like textures, suggests that the studie
metasomatite consists of mingled fragments of strongly al-
tered peridotite and gabbro.
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Fig. 6 - Whole-rock chemical compositions (major and some trace ele-

i ; ; ments) of studied metasomatite xenolith normalized to a typical Hyblean
Whole rock composition of a typical, relatively fresh oxide-gabbro xenolith (sample FB-f1: Scribano et al., 2006). FBZ (I) is a

n o e ;
(L'O'I_' — 1 wt%), Hyblean oxide-gabbro xenolith (sample fragment of FBZ xenolith enriched in the zone (I) component. FBZ (I1)
FB-f1: Scribano et al., 2006) has been selected to compar yeji represents the sheared outer shell. VB6-f represents the mylonitic

with studied metasomatite compositions (Table 7). Fig. 6 shell of metasomatite xenolith VBS.
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