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Antecedents

Upper mantle xenolith-bearing Neogene-Quaternary alkali basalts are found both in
the central (Little Hungarian Plain, Bakony-Balaton Highland) and marginal parts
(Styrian Basin, Nograd-Gomor and Transylvanian Basin) of the Carpathian-Pannonian
region, providing a unique opportunity for studying the evolution of the lithosphere.
The study of ultramafic xenoliths from these localities recognized the effects of
numerous mantle processes such as different degrees of partial melting, deformation
and mantle metasomatism. Previous studies pointed out that following the extensive
depletion of the mantle (~1 Ga, but at least much before than Tertiary, Embey-Isztin et
al., 2001) remarkable incompatible trace element and variable Nd-Sr isotopic
enrichment affected dominantly the deformed lithospheric mantle. This enrichment
was interpreted by Downes et al. (1992) as being due to the host alkaline magmas and
(along the Carpathian arc) subduction-related calc-alkaline magmas/fluids traced in the
central Pannonian basin.

Most studies dealing with mantle xenoliths from the area focused on peridotites
which were not affected by modal metasomatism, with very few dealing with
pyroxene-rich and amphibole-bearing peridotites (e.g.: Embey-Isztin, 1976; Embey-
Isztin et al., 1989; Downes et al., 1992; Dobosi et al., 2003; T6rok et al., 2003). Origin
of amphibole-enrichment and clinopyroxenites were attributed to metasomatic
processes generated by the host alkaline magmatism (Downes et al., 1992; Dobosi et
al., 2003). Technical developments in the last decades allow us to study the fine-
grained assemblages such as rarely occurring melt pockets, veins and fluid and/or
silicate melt inclusions that have been recognized in the mantle materials. Thus,
attention has been focused on these clusters (e.g.; Szab¢ et al., 1995a, 1996; Embey-
Isztin & Scharbert, 2000; Bali et al., 2001, 2002) either.

The main aims of this study are:

1. To give detailed textural, major and trace element and isotopic
characterization of less studied rock types as orthopyroxene-rich websterites
and websterite veins in spinel lherzolitic wall rock, as well as the rarely
occurring silicate melt pockets;

2. To determine the conditions of melt/fluid—wall rock interactions and the

formation of reaction products in the upper mantle;
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3.  To give a more comprehensive insight into the complex depletion —
refertilization processes affected the lithospheric mantle beneath the central

Pannonian basin.

Methodology

50-150 pum thick, double polished thin sections were made of the collected
xenoliths. The goal of the double polishing was the study of silicate melt inclusions, on
the other hand these thick thin sections are appropriate for further in situ analytical
analyses. The phases were marked out for chemical analyses following the detailed
petrographic study.

Analytical techniques:

Microprobe analyses were carried out using a JEOL Superprobe JXA-8600 WDS at
the Department of Earth Sciences, University of Florence and a JEOL Superprobe
JXA-8200 WD/ED at the Geocenter Copenhagen. In both laboratories natural and
synthetic standards were used for the analyses, and the method of Bence & Albee
(1968) was applied for correction. For the determination of average compositions 2 to
5 points were analyzed in each constituent.

For the determination of trace element in the phases of the studied xenoliths laser
ablation ICP-MS measurements were carried out using an Elan 6100 ICP-MS equipped
with CETAC LSX-200 laser ablation system in the Geocenter Copenhagen. A single
line scan or raster method was applied during the measurements. NIST610 and
NIST612 synthetic glass standards were used as calibration standards (using the values
in Pearce et al. 1997). The CaO contents of the analyzed phases measured on the
electron microprobe were used as the internal standard.

For Pb isotopic measurements samples were analyzed by the Axiom multi-collector
ICPMS at the Danish Lithosphere Centre, Copenhagen using the double spike method
described in detail by Baker et al. (submitted to Chemical Geology). Sr samples were
analyzed automatically in dynamic peak jumping mode by a VG sector 54 TIMS at the
Geological Institute, University of Copenhagen. Clinopyroxenes and melt pockets
were separated by hand picking under stereomicroscope. Clinopyroxenes were leached
in 8N HCI on a hot plate for an hour in teflon beakers (in order to clean the surface
contamination). The hand picked melt pockets of 3 samples were not leached.

Samples were then dissolved in 7N HNO;+HF mixture, 7N HNOs, then 6M HCI.

x
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Following the solution, Pb and Sr were separated in anion and cation exchange resins.
Sr samples were loaded onto Re filaments in a mixture of H3;PO4 and TaF activator

whereas Pb was analyzed from solution.

Results

1) Based on petrographic study, three major rock types were distinguished from
Bakony-Balaton Highland modally metasomatized suite, turned up mostly from
Szentbékkalla, minor from Szigliget. These are: a) orthopyroxene-rich websterites, b)
Iherzolites containing websterite and clinopyroxenite veins, and c) peridotites and
pyroxenites containing silicate melt pockets. Among these rock types, orthopyroxene-
rich websterites and websterite veined lherzolites have not been studied before from the
Bakony-Balaton Highland ultramafic xenolith suite.

2) The results of detailed major and trace element and isotopic studies confirmed
that the orthopyroxene-rich websterites and the websterite veined lherzolites differ from
the previously studied peridotitic and pyroxenitic assemblages of the same area,
suggesting that they have formed due to processes which have not been studied in
details previously. Besides these, the silicate melt pockets appear in variable rock
types, of which textures are mostly equigranular and piokilitic (Bali et al., 2001, 2002).

3) Formation of the silicate melt pockets can be attributed to several processes: a)
based on trace element compositions, the former presence of amphiboles is essential for
the melt pocket formation even in those xenoliths where amphibole was not found
during petrographic observations; b) besides the amphiboles, melting of clinopyroxenes
(+/-orthopyroxenes) should also be taken into account for modeling the bulk
composition of the melt pockets.

4.) In the melt pockets of several xenoliths an external melt/fluid should have also
mixed to the in situ melts of amphibole and clinopyroxene based on both major and
trace element evidences. This external melt/fluid was different from the host alkaline
basalt, thus, the melt pockets are the reaction products of metasomatizing melt,
migrated in the mantle, and pre-existing amphibole and clinopyroxene. The external
melt/fluid could have been released from subducted oceanic crust based on its
geochemical character.

5) The melt pockets of some of the xenoliths contained carbonates either.

However, the carbonates of the different xenoliths have very similar major element
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composition a trace element-poor and a trace element-rich type could have been
distinguished.

6) In those lherzolites, which contain websteritic and clinopyroxenitic veins the
assemblage of veins reached chemical equilibrium with the wall rock lherzolite
considering major and trace element and isotopic compositions. Based on high
pressure and temperature experiments (e.g.: Gaetani & Grove 1998), it can be assumed
that the websterite veins is not direct crystallization product of magmas, but the
reaction products of fertile peridotite and H,O-bearing alkali basaltic magmas. In
contradistinction, the clinopyroxenite vein can be direct crystallization product of
similar melt.

7) More generations of websterite veins can be distinguished from which the older
one (containing pyroxenes with lower Al content) could have gone through
deformation and slight partial melting after vein formation, whereas the younger
generation with Al-rich pyroxenes have not.

8) The zonation of clinopyroxenes in the websterite and clinopyroxenite veined
Iherzolites is the results of in situ melting, the effect of external melt could have been
ruled out. The zonation developed at MOHO depth due to pressure drop and slight
temperature rise.

9) The orthopyroxene-rich websterite bodies can rather be considered as the
crystallization products of boninitic magma (or reaction product with peridotite) than
the reaction product of a strongly depleted peridotite and H,O-fluid phase, based on
their high equilibrium temperature and oxygen fugacity, and the calculated composition
of melt keeping equilibrium with the clinopyroxenes.

10.) The previously described results suggest that the mantle beneath the Bakony-
Balaton Highland Volcanic Field was metasomatized in several fluxes by melts/fluids
having different origin. Among these: a) the youngest process could have been the
formation of the silicate melt pockets, as their material is not completely crystallized,
silicate glass is also present in them. These melt pockets have formed partially due to
in situ melting of amphibole+clinopyroxenetorthopyroxene and due to metasomatism
induced melting of amphibole and clinopyoxene, where the metasomatizing fluid could
have been originated from subducting slab. b) The websterite and clinopyroxenite
veins (at least the younger ones) are the products of a young process as they have not
suffered partial melting and deformation after their formation. The formation of the

veins might be attributed to migrating asthenospheric melts released during the
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asthenosphere upwelling beneath the Pannonian basin. ¢) The formation of
orthopyroxene-rich websterites might be the oldest event. The bodies can be
considered either as to the products of fluid metasomatism or boninitic melts, they
should have formed in the vicinity of a subducting oceanic plate. The large distance of
the Carpathian arc suggests the possibility that these bodies were produced by an older

subduction event.
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