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Disequilibrium between melt and its residuum can arise because
components generally have much greater diffusivities in silicate
melts than in solid silicates. Therefore, if a melt is produced and
segregated rapidly from its residuum, chemical equilibrium may
not be attained and the melts are depleted in trace elements with
the lowest diffusivities, such as Zr, Th, Hf and LREE relative to
their source rocks (e.g. Sawyer 1991). These depletions are
commonly attributed to disequilibrium between monazite and/
or zircon and water-undersaturated granitic melt owing to slow
dissolution rates of these minerals and their retention in the
residuum (Watt and Harley 1993). In this study, we provide
arguments for disequilibrium melting in Early Devonian
orthogneisses from the pre-Alpine basement of the Tatra
Mountains.

Investigated orthogneisses are from the Variscan basement
of the Western Tatra Mts. They occur near the base of the upper
structural unit, belonging to the HP/HT kyanite zone metamor-
phism (Jandk et al. 1999). Orthogneisses are coarse-grained with
augen-like K-feldspars, or fine-grained, foliated, with distinc-
tive mylonitic fabric. Surrounding rocks are amphibolites with
boudins of retrogressed eclogites and kyanite-bearing me-
tapelites. Both amphibolites and pelitic gneisses show a mig-
matitic texture. All these rocks show intense deformation and
retrogression related to Variscan uplift and Alpine (mostly brit-
tle) overprint.

The orthogneisses are granitic in composition. Quartz is pla-
ty and ribbon-textured, K-feldspar is perthitic, often with mi-
crocline twinning and signs of dynamic recrystallization. Plagi-
oclase is albite to oligoclase (Xan= 0.09-0.11), myrmekite has
locally developed. The micas form a “mica-fish” texture. Biotite

is Fe-rich (Xg.= 0.7-0.8), often replaced by chlorite. Muscovite
is slightly phengitic, some “’Ar/**Ar spectra are discordant due
to an Alpine overprint. Garnet is rich in almandine (70 to 75
mol%) and spessartine (15 to 22 mol%), partly replaced by bi-
otite and chlorite. Accessory minerals are apatite, zircon and
monazite.

Metamorphic conditions in the kyanite zone metapelites —
— a possible source rocks of granitic melts — reached c. 850 °C
and 13 kbar according to the TWQ 2.02 (Berman 1991) and
THERMOCALC 2.75 (Holland and Powell 1998) calculations.
Such P-T conditions would be sufficient for dehydration-melt-
ing of biotite according to dehydration-melting reaction: biotite
+ kyanite + plagioclase + quartz = garnet + K-feldspar + melt
(Carrington and Harley 1995 and references therein), generat-
ing granitic melt and peritectic garnet + K-feldspar in the or-
thogneisses. However, the melt was mostly separated from its
associated mafic selvages, being segregated into the veins and
larger (several m) bodies.

The REE content of the orthogneiss UP1002 shows typical
features of non-equilibrium melting with respect to accessory
phases: a moderately fractionated pattern at low overall REE
abundances, with distinct positive Eu anomaly (Fig. 1). Such
a pattern, showing a dominant role of alkali feldspars with sup-
pressed influence of accessory phases (monazite or garnet), is
in contrast with other orthogneiss sample (e.g., 16/93). This
sample has much higher REE abundances with a pattern typical
of S-type granites: fractionated LREE, pronounced negative Eu
anomaly and flat HREE. Similar features are known from mig-
matite terrains where both REE patterns occur in leucosomes
(e.g., Watt and Harley 1993). The REE behaviour is mimicked
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by Zr, which is low (28 ppm) in the first, REE-depleted sample
and high (168 ppm) in the second one. In sample UP1002,
cathodoluminescence study (Poller et al. 2000) revealed zircon
cores overgrown by magmatic rims. U-Pb dating of these zir-
cons (Poller et al. 2000) provided the lower intercept age of
406 + 5 Ma, recording magmatic zircon crystallization, where-
as the upper intercept of 1980 + 37 Ma age indicates an inheri-
ted material in the zircons. The age of orthogneiss 16/93 was
not determined but some other, younger (c. 370 to 350 Ma) gra-
nitoids (Poller et al. 2000) with high REE and Zr are constrained

by the upper intercept ages. This means that in the first case, in
spite of high peak metamorphic conditions, zircon was only partly
dissolved and minor zircon precipitated from the melt. In the
latter case, zircon dissolved and reprecipitated during the
magmatic crystallization. The growth of new zircon requires a
change in P-7-X conditions so that a crystallizing melt parcel
would shift into zircon (and monazite) stability fields. This is
accomplished by temperature decrease, due to a change in the
melt composition (as expressed by the M parameter of Watson
and Harrison 1988), or a change in the local Zr concentration
around older zircons undergoing melting. All possibilities are
illustrated in Fig. 2 where measured Zr is compared with Zr*
(equilibrium concentration required to saturate the melt). While
at the peak conditions all samples lie deeply in the field of zir-
con dissolution, with falling temperature, first high-Zr, and later
also low-Zr orthogneisses would shift to and beyond the
saturation boundary. Although the required temperature drop is
considerable (close to the solidus), a change in the local major
and trace element chemistry both around dissolving zircons and
crystallizing major phases (feldspar, biotite) enables the Zr sa-
turation to be reached at higher temperatures (700 °C, M = 0.5).
In any case, the 406 Ma age of orthogneiss UP1002 zircons most
probably does not record the melting event at the peak meta-
morphic conditions (c. 850 °C; 13 kbar) but zircon crystallization
at somewhat lower P-T conditions during uplift.

Nevertheless, this magmatic stage is clearly distinctive from
a younger (c.370-350 Ma) granitoid event.
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