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Introduction
Variations in the chemical composition of ultramafic xenoliths brought to the surface by alkaline and,
rarely, by supra-subduction magmas, are thought to
reflect chemical heterogeneity in the lithosphere. In
many studies it is assumed that the effect of interaction
between xenoliths and host basalt is minimal, and thus
bulk and cryptic metasomatism of the xenoliths are
generally attributed to processes that occurred in the
upper mantle, prior to their incorporation into the host
magma. The major debate has therefore been about
the nature of the metasomatising agents: CO2 ± H2O
fluid (Kempton, 1987; Ionov et al., 1994); migrating
small-fraction melts either of alkaline (Menzies et al.,
1985; Zangana et al., 1998) or carbonate composition
enriched in volatile components (Sciano, Clocchiatti,
1994; Yaxley et al., 1998). However, other studies (e.g.
Shaw, Edgar, 1997; Klügel, 1998, 2001; Shaw et al.,
2006) have shown that mantle xenoliths may react with
their host melts, causing effects which are very difficult to distinguish from the supposed metasomatism
occurring in the mantle. According to Klügel (1998),
xenolith-host reaction may take place over years to
decades in the mantle reservoirs or during residence
in a crustal chamber. Scambelluri et al. (2009) suggested that modification can start immediately before
and/or during xenolith entrainment in the host alkali
basalts. Experimental work by Shaw and Dingwell
(2008) explored the possibility of textural modifications of xenoliths during magma cooling at the Earth’s
surface, however, they concluded that most changes
occur during the transport of xenoliths. To date, there
is no detailed study on the possible modification of
mantle xenoliths close or at Earth’s surface conditions.

The most appropriate objects for such a study would
be large magmatic bodies with different rates of crystallization, e.g. lava flows, sills, domes or dikes. The
rationale of collecting samples from both the quickly
cooled outer part and the slowly crystallized interior
of such bodies is that it may enable us to distinguish
the role of transformation of xenoliths during transport
and cooling on, or close to, the surface.

Results
We present the first detailed study of mineralogical
and chemical modifications of peridotite xenoliths
during magma transport and cooling at the Earth’s
surface. Three large Miocene basanite domes from the
Moesian Platform, North Bulgaria, contain abundant
spinel peridotite xenoliths. The xenoliths exhibit different degrees of mineralogical and chemical interaction
with their host which strongly depend on their position
in the dome structure. Protogranular spinel lherzolite
xenoliths from the fine-grained brecciated carapace of
the domes show very thin fine-grained reaction rims
around orthopyroxene and thin diffusion zones around
spinel and olivine. The reactions are limited mostly to
the contact of the xenoliths. Modeling of concentration profiles of xenolith’s olivine suggest very short
residence time of 1–3 days in the lavas and, therefore,
rapid ascent rate at velocities around 0.5–1.5 km/h.
Clinopyroxene from the xenoliths is always strongly
depleted in LREE and Sr and have DMM Nd-values
isotopic characteristics. Xenoliths from the interior
of the domes are much more strongly affected by the
host basanites. This is recorded in the wider reaction
rims around orthopyroxene leading up to their entire
consumption, transformation of spinel into chromite,
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and Fe-Mg diffusion profiles in olivine up to 400 μm
long. Calculations from the olivine diffusion profiles
indicate interdiffusion time up to 200 days. Times obtained from Ca concentrations from the carapace and
interior are from 8 to more than 700 days, respectively.
Clinopyroxene is variably enriched in LREE and Sr,
from several times with respect to the depleted xenoliths to complete equilibration with the host basanites.
Their Sr and Nd isotopic compositions are also similar
to the host basanites. Porphyroclastic xenoliths exhibit
the strongest reaction phenomena facilitated by infiltrated melt, particularly in the dome interior.

Conclusions
Our study demonstrates that chemical and mineral
modification, although starting at the time of entrain-

ment of xenoliths at mantle depths, was completed
mostly during their emplacement on the surface. We
also show that residence of xenoliths in thick domes,
dikes and lava flows will result in partial or total resetting of their Sr and Nd isotopic systems. The strong
modification of the chemistry of xenoliths by interaction with the host alkaline magma explains the high
Sr and LREE contents and isotopic similarity of the
enriched European xenoliths with the European asthenospheric reservoir compared to peridotite massifs.
Acknowledgements: This is a cooperative study
between the Geological Institute of BAS, Kanazawa
University and the University of Florence. Scholarship
from Japan Society for Promotion of Science to PM is
appreciated. The work was partially supported by the
RNF 01/0006 project of the Bulgarian Science Fund.

References
Ionov, D. A., A. W. Hofmann, N. Shimizu. 1994. Metasomatisminduced melting in mantle xenoliths from Mongolia. – J.
Petrol., 35, 753–785.
Kempton, P. D. 1987. Mineralogic and geochemical evidence
for differing styles of metasomatism in spinel lherzolite xenoliths: enriched mantle source regions of basalts?
– In: Menzies, M. A., C. J. Hawkesworth (Eds.). Mantle
Metasomatism. London, Acad. Press, 45–87.
Klügel, A. 1998. Reaction between mantle xenoliths and host
magma beneath La Palma (Canary Island): constraints on
magma ascent rates and crustal reservoirs. – Contr. Mineral.
Petrol., 131, 237–257.
Klügel, A. 2001. Prolonged reactions between harzburgite xenoliths and silica-undersaturated melt: implications for dissolution and Fe–Mg interdiffusion rates of orthopyroxene.
– Contr. Mineral. Petrol., 141, 1–14.
Menzies, M., P. Kempton, M. Dungan. 1985. Interaction of
continental lithosphere and asthenospheric melts below the
Geronimo volcanic field, Arizona, USA. – J. Petrol., 26,
663–693.
Scambelluri, M., R. Vannucci, A. De Stefano, M. PreiteMartinez, G. Rivalenti. 2009. CO2 fluid and silicate glass as
monitors of alkali basalt/peridotite interaction in the mantle
wedge beneath Gobernador Gregores, Southern Patagonia.
– Lithos, 107, 121–133.

40

Schiano, P., R. Clocchiatti, N. Shimizu, D. Weis, N. Mattielli.
1994. Cogenetic silica-rich and carbonate-rich melts
trapped in mantle minerals in Kerguelen ultramafic xenoliths: implications for metasomatism in the oceanic upper
mantle. – Earth Planet. Sci. Lett., 123, 167–178.
Shaw, C. S. J., D. B. Dingwell. 2008. Experimental peridotite–
melt reaction at one atmosphere: a textural and chemical
study. – Contr. Mineral. Petrol., 155, 199–214.
Shaw, C. S. J., A. D. Edgar. 1997. Post-entrainment mineralmelt reactions in spinel peridotite xenoliths from Inver,
Donegal, Ireland. – Geol. Mag., 134, 771–779.
Shaw, C. S. J., F. Heidelbach, D. B. Dingwell. 2006. The
origin of reaction textures in mantle peridotite xenoliths
from Sal Island, Cape Verde: the case for “metasomatism” by the host lava. – Contr. Mineral. Petrol., 151,
681–697.
Yaxley, G. M., D. H. Green, V. Kamenetsky. 1998. Carbonatite
metasomatism in the southeastern Australia lithosphere. –
J. Petrol., 39, 1917–1930.
Zangana, N. A., H. Downes, M. F. Thirlwall, G. F. Marriner,
F. Bea. 1999. Geochemical variation in peridotite xenoliths and their constituent clinopyroxenes from Ray Pic
(French Massif Central): implications for the composition of the shallow lithosphere mantle. – Chem. Geol.,
153, 11–35.

