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Abstract The Beshta—Kamenistaya intrusions are located
in the Main Range structural zone of the Greater Caucasus.
They are composed of tonalitic gneisses that genetically
resemble granites of the tholeiitic series of the ophiolitic
complexes. The Beshta—Kamenistaya orthogneisses and
associated rocks of the nappes differ markedly from those
of the Main Range zone. All of them were overthrust to the
Main Range zone during the Bretonian orogeny. The age of
their protolith and the metamorphism are still not defined.
Using the zircon U-Pb LA-ICP-MS dating two age popu-
lations of zircons have been distinguished in the rocks of
the Beshta—Kamenistaya intrusions. The age of the main
population of zircons from orthogneisses is 426-300 Ma.
Several age groups can be distinguished in this population.
The main group vyielded a Concordia age of
386.9 + 1.4 Ma. There are also smaller peaks at 409-405,
375-373, and 351 Ma. The oldest ages (426-395 Ma) were
detected in the core parts of the complex crystals. We
assume that the crystallization of the parental for orthog-
neisses rocks (tonalities) took place at 410-395 Ma,
whereas the Concordia age of 386.9 & 1.4 Ma and a peak
at 375-373 Ma correspond to the metamorphic event. The
whole metamorphic cycle, including progressive and
regressive stages, occurred between 395 and 370 Ma.
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Zircons, dated in the Beshta—Kamenistaya intrusion at
350 Ma and younger, correspond to the Late Variscan
orogeny. Zircons dated 3102-2769 Ma represent xeno-
crysts captured by the melts during their formation from
the ancient rocks in the crystalline basement.
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1 Introduction

The Beshta and Kamenistaya massifs are exposed in the
Pass subzone of the Main Range structural zone of the
Greater Caucasus (Fig. 1) and represent a component of the
Laba metamorphic complex. This area is characterized by a
complex geological structure.

It should be noted that the crust in the Greater Caucasus
is tectonically layered. Since the early 1970s, the identifi-
cation of the nappe structure of both the Alpine cover and
pre-Alpine basement in many of its zones, including the
Greater Caucasus Main Range zone, has been of great
importance (e.g., Gamkrelidze 1980; Baranov and Grekov
1982; Adamia 1984; Gamkrelidze et al. 1996, 2020). It has
been found that tectonic layering occurs in the crust of the
entire central segment of the Mediterranean belt. As a
result of studies in the Greater Caucasus, the presence of
both large and small allochthonous structures has been
established. The above-mentioned Laba complex of the
Pass structural subzone of the Greater Caucasus is also
characterized by the nappe structure.

The allochthonous nature of the Lashtrak and Adjarka
“suites” (e.g., Baranov and Kropachev 1976; Adamia
1984; Shengelia et al. 1989), as well as of the associated
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Fig. 1 A schematic geological map of the Laba metamorphic complex (Somin 1971, with additions by the authors)

orthogneisses of the Beshta and Kamenistaya massifs, has
been defined (Shengelia et al. 1989). All these differ
sharply from other metamorphic rocks in the Main Range
structural zone in terms of the geological position, petro-
graphical, mineralogical, and geochemical features of the
rocks, as well as the nature of metamorphism. Even though
the petrology and geochemistry of the Beshta and Kame-
nistaya rocks are reasonably well studied, the age of their
protolith and the timing of metamorphic events have not
yet been defined. In contrast, the age of granitoids in the
Main Range zone has been determined quite accurately
(Gamkrelidze et al. 2020).

The article aims to define the U-Pb LA-ICP-MS zircon
age of the Beshta and Kamenistaya intrusions. The
obtained results allow us to better define the connection
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between the studied granitoids and pre-Alpine igneous
rocks of the Main Range structural zone.

1.1 Geological setting

Orthogneisses of the Beshta and Kamenistaya intrusions
are exposed at the southern slope of the Greater Caucasus
in the Beshta and Lashipse river gorges (Fig. 1). They are
mostly in transgressive contact with the early Jurassic
sediments, although in places the contact is tectonic. The
Kamenistaya intrusion in its northern and eastern parts
contacts the Adjarka and Lashtrak nappes. This massif is
cut by the Middle Jurassic Sanchar intrusion. The Beshta
and Kamenistaya orthogneisses spatially associate with the
Adjarka and Lashtrak nappes, hornblende-bearing gneisses,
amphibolites, and serpentinized ultrabasic rocks. The latter
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Fig. 2 Hornblende-bearing tonalitic gneiss. a PPL and b XPL (PPL plane polarized light and XPL crossed polarized light)

shares a similar history of geological development with the
orthogneisses (Shengelia et al. 1989). The Laba (Dam-
khurts and Mamkhurts nappes) and the Gondarai meta-
morphic complexes are located to the north of the Beshta
and Kamenistaya intrusions.

Orthogneisses of the Beshta and Kamenistaya massifs
share similar composition and comprise tonalite gneisses.
Diorite-gneisses and gabbro-diorite-gneisses are rare rock
types and have gradual contact with tonalites. These rocks
are intensely chloritized, epidotized, and granulated.
Orthogneisses have the following mineral composition:
plagioclase, chlorite, epidote group minerals, quartz, green
hornblende, actinolite, and garnet. Accessory minerals are
zircon, apatite, titanite, and opaque. Rarely, fresh green
hornblende is observed, it is often replaced by light blue
hornblende, epidote, and chlorite (Fig. 2). Plagioclase is
saussuritized and prehnitized. Garnet occurs as intact por-
phyroblasts (Fig. 3) and disintegrated grains, where chlo-
rite fills in the space between the fragments (Fig. 4). The
electron microprobe analysis has revealed the following
mineral parageneses in orthogneisses (Shengelia 1987):
Hbly; + Pl + Grty7 40 £ Qz.! Grtgo 77 + Chlsg a0

+ Actys + PI'° &+ Ep + Hbls; + Qz,
Grteg_75 + Chlyg 33 + PI*” + Ep + Ca + Qz.

The mineral parageneses of the Beshta and Kamenistaya
orthogneisses are similar to those found in metamorphosed
basic rocks of the Lashtrak nappes. Concerning the
chemical composition, orthogneisses of the Beshta—
Kamenistaya massifs are genetically close to granites of the
tholeiitic series that occur in the upper part of the ophiolitic
complexes. The latter is formed as a result of the partial

! Mineral symbols are given as per Whitney and Evans (2010). Index
numbers of dark-colored minerals indicate their magnesium numbers
[Mg/(Mg + Fe?™)]; Index numbers of Pl are the content of the
anorthite molecule (mass%).

melting of the oceanic crust and represents the final product
of the differentiation of the basaltic magma (Coleman
1977; Shengelia et al. 1989).

The Lashtrak and Adjarka nappes are composed of
micaceous and amphibole schists of various compositions,
albite-quartz porphyroids, and quartzites. Marbles having a
thickness of up to several tens of meters are observed at the
marginal parts of the plates. They host post-Early-
Ordovician crinoids (Potapenko and Stukalina 1971).
Rocks of the Lashtrak and Adjarka nappes underwent
regional metamorphism of the epidote—amphibolite facies
and kyanite-sillimanite baric type.

The Beshta—Kamenistaya orthogneisses, as well as rocks
of the Lashtrak and Adjarka nappes, differ sharply in their
origin, composition, and metamorphic nature from the
magmatic and metamorphic formations of the Main Range
structural zone of the Greater Caucasus. In our opinion,
some of them represent fragments of the ophiolitic com-
plex. The allochthonous nature of the Lashtrak and Adjarka
“suites” has been established by Baranov and Kropachov
(1976) and Adamia (1984). The authors of this article,
based on a number of lines of evidence, also accept the
allochthonous nature of the Beshta and Kamenistaya
massifs. It has been suggested that the Beshta and Kame-
nistaya orthogneisses and rocks of the Lashtrak and
Adjarka nappes have simultaneously undergone moderate
and presumably higher-pressure regional metamorphism
(T = 420465 °C, P-5.2 kbar) before the overthrusting
(Shengelia et al. 1989). Supposedly, during the Bretonian
orogeny, they were thrust over the Pass subzone of the
Main Range zone of the Greater Caucasus, to the area of
low pressure (P &~ 1.5-3.3 kbar; Shengelia 1987; Shengelia
and Hatar 1989; Korikovsky et al. 1991) metamorphism
(Shengelia et al. 1989). Some researchers (Zaridze and
Shengelia 1977, 1978a, b) assumed the higher-pressure
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Fig. 4 Disintegrated and chloritized garnet in the hornblende gneiss. a PPL and b XPL

conditions of metamorphism of the rocks composing the
Lashtrak and Adjarka nappes, where kyanite and staurolite-
bearing associations occur. The incipient rocks were rep-
resented by primary miopelagic and chemogenic sedi-
ments, apparently formed in deep water oceanic conditions.
It should be noted that metamorphic rocks of the Kiafara
nappe thrust over the Greater Caucasus Fore-range struc-
tural zone (Baranov and Grekov 1982; Shengelia and
Ketskhoveli 1982; Shengelia et al. 1984; 1986; Somin
2011) is similar to the Lashtrak nappe.

1.2 Analytical methods

Zircon crystals were extracted from the crushed samples
using standard separation techniques (shaking table, mag-
netic separation, and heavy liquids) at the M.P. Semenenko
Institute of Geochemistry, Mineralogy and Ore Formation,
Kyiv, Ukraine. Hand-picked under optical microscope
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crystals were mounted in epoxy resin and polished to
expose the internal parts of the crystals. U-Pb isotopic data
were collected using laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS). Zircon was
ablated using a COMPex 102-193 nm excimer UV laser
coupled to an Agilent 8900 QQQ mass spectrometer. Fol-
lowing 30 s of background analysis, samples were spot
ablated for 30 s at 5 Hz using a 38 um beam and laser
energy at the sample surface of 2 J cm ™2 The sample cell
was flushed with ultrahigh purity He and N, and high
purity Ar was employed as the plasma carrier gas. Zircon
standard GJ1 (601.2 £+ 0.4 Ma; Jackson et al. 2004) was
utilized as the primary reference material and analyzed in
blocks with secondary standards Plesovice
(337.13 £ 0.37 Ma; Sldma et al. 2008) and OGC
(3465 £ 0.6 Ma; Stern et al. 2009). Standard blocks were
inserted between every 20 unknowns. The secondary
standards  yielded weighted mean *°’Pb/**°Pb  ages



Acta Geochim (2022) 41(6):1019-1029

1023

and *8U/*%Pb ages within an uncertainty of the recom-
mended values.

Trace element and Hf isotope data were acquired at the
John de Laeter Centre, Curtin University, using a LASS
NPII + 7700 + SE Resolution excimer laser operating at
the following conditions: spot size 38 micron, laser fre-
quency 10 Hz, and energy 3 j/cm? The Hf isotope com-
position was measured on a Nu Plasma II mass-
spectrometer. All isotopes (180Hf, 194¢, 78Hf, 77Hf,
176Hf, 175Lu, 174Hf, 173Yb, 172Yb, and 171Yb) were counted
on the Faraday collector array. The '"®Yb and '"°Lu values
were removed from the 176-mass signal using
Y0Yb/'Yb = 0.7962 and '"°Lu/'°Lu = 0.02655 with an
exponential law mass bias correction assuming
72yb/'3Yb = 1.35274. The interference-corrected
°Hf/'7"Hf was normalized to '"°Hf/'”7Hf = 0.7325
(Patchett and Tatsumoto 1980) for mass bias correction.
Zircon crystals from the Mud Tank carbonatite were ana-
lyzed together with the samples in each session to monitor
the accuracy of the results. Zircons 91500, Plesovice, GJ-1,
and R33 were also run as secondary reference standards.
All reference material yielded '"®Hf/'"’Hf ratios within an
uncertainty of their respective reported values. Calculation
of initial '"®Hf/'’"Hf and eHf values for unknown zircons
employed the accepted ages of their zircon crystallization,
a L'7°Lu decay constant of 1.867 x 10~'" (Séderlund et al.
2004), and a present-day Chondritic Uniform Reservoir
(CHUR) VoHf/"HE = 0.282785 and
76 w/"HE = 0.0336 (Bouvier et al. 2008).

Trace element data were collected simultaneously with
Hf isotope data. Zircon standard GJ-1 was utilized as the
primary reference material for concentration determination
and to correct for instrument drift, using 917 as the internal
reference isotope and assuming 43.14% Zr in the
unknowns. NIST SRM 612 was run as a secondary stan-
dard and yielded recommended values within 3% for all
elements.

2 Results

Zircons from two orthogneiss samples representing the
Kamenistaya (sample 426-3) and Beshta (sample 9-3)
massifs have been analyzed for U-Pb ages (Supplement 1),
Hf isotopes (Supplement 2), and trace element abundances
(Supplement 3). Both samples contain two zircon popula-
tions that drastically differ in terms of their appearance and
U-Pb age. The main population (85%) includes long-
prismatic to short-prismatic, euhedral to subhedral color-
less crystals (Fig. 5). These zircons have bright colours in
CL images and reveal well-defined oscillatory zoning. The
indistinct cores were noticed in several grains. Many of the
grains are rimmed by bright thin mantles. The second

population is less abundant (15%) and represented by
prismatic grains with rounded crystal tips. These crystals
have a pronounced brown color and look very dark on CL
images.

Two zircon populations have revealed very distinct U—
Pb isotope ages. Zircons belonging to the smaller popula-
tion yielded Archean ages varying between ca. 3100 and
2650 Ma (Fig. 6). In contrast, zircons representing the
main population range in age from ca. 420 to 300 Ma. Both
samples have a prominent spike at 394-386 Ma (Fig. 6).
The concordant results (44 analyses) belonging to this
spike yielded a Concordia age of 3869 £ 1.4 Ma
(MSWD = 6.6). There is also a series of smaller peaks at
409-405, 375-373, and 351 Ma. The youngest age
obtained for the sample 426-3 is 326 & 7 Ma (Supplement
1). Differently from this result, a group of young ages
ranging from 314 to 303 Ma were obtained for the sample
9-3. It must be noted, that when several analyses were
performed within a single zircon crystal, the results
obtained for the marginal parts were generally younger
than the ages in the central parts.

The Archean zircon population demonstrates large
variability of eHf values calculated at the age of zircon
crystallization (Fig. 7, Supplement 2). Two oldest
(> 3000 Ma) zircons have negative (down to — 4) eHf
values, whereas zircons dated between 2800 and 3000 Ma
have predominantly positive eHf values. All, except one,
zircons of the young population have strongly depleted eHf
values (> + 12), reaching depleted mantle values of + 16.
These zircons do not reveal any systematic variations of the
Hf isotope composition with age. Single zircon grain
belonging to the young population has less radiogenic Hf
isotope composition (eHf = 4.3).

The Archean population of zircons has high concentra-
tions of U (average 940 ppm) and Th (average 360 ppm,
Supplement 3). The average Th/U ratio is 0.49. These
zircons also have relatively high concentrations of LREE
(average concentration of La = 24 ppm), and low con-
centrations of HREE (average concentration of Yb = 370
ppm). As a result, the fractionation of REE is relatively low
(Yb/La)y = 188. Positive Ce and negative Eu anomalies
are very low (Fig. 8).

In contrast, zircons belonging to the younger popula-
tions in both studied samples have much lower concen-
trations of U (average 330 ppm in sample 426-3 and 575 in
sample 9-3) and Th (average 140 ppm in sample 426-3 and
125 in sample 9-3). The average Th/U ratio equals 0.49 in
zircons from sample 426-3, and 0.32 in zircons from
sample 9-3. However, the value of this ratio depends on the
age of the zircon, the youngest spots (sample 9-3) yielded a
Th/U ratio below 0.1. Zircon from the studied two samples
differs sharply in terms of REE pattern. Zircons from
sample 426-3 have a flat pattern of light and middle REE,
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Fig. 5 CL images of analyzed zircons from samples 426-3 (a) and 9-3 (b)

with very weak positive Ce and negative Eu anomaly,
whereas HREE reveals strong differentiation. The average
(Yb/La)y in zircon from this sample equals 82,250. In
contrast, REE pattern in zircon from sample 9-3 is much
more differentiated, with the average (Yb/La)y = 195,500.
Moreover, zircon from this sample has pronounced positive
Ce anomaly and moderate negative Eu anomaly.

3 Discussion

Two zircon populations have been distinguished in
orthogneisses of the Beshta—Kamenistaya massif. The main
population embraces zircon crystals that yielded U-Pb ages
in the range of ca. 426-300 Ma, and reveal close links with
igneous and metamorphic processes. Several age groups
can be distinguished in this population. The main group
yielded a Concordia age of 386.9 £+ 1.4 Ma. There are also
smaller peaks at 409-405, 375-373, and 351 Ma. The
oldest ages (426395 Ma) were detected in the core parts
of the complex crystals. We assume that the crystallization
of the parental for orthogneisses rocks (tonalities) took

@ Springer

place at 410-395 Ma, whereas the Concordia age of
386.9 & 1.4 Ma and a peak at 375-373 Ma correspond to
the metamorphic event. The whole metamorphic cycle,
including progressive and regressive stages, occurred
between 395 and 370 Ma.

The overthrusting of the Beshta—Kamenistaya orthog-
neisses and associated rocks took place during the Breto-
nian orogeny, at 360-350 Ma. Potapenko and Stukalina
(1971) defined the age of the rocks composing the Lastrak
and Adjarka nappes as post-Early Ordovician. We assume,
that Beshta—Kamenistaya orthogneisses and rocks com-
posing the Lastrak and Adjarka tectonic plates experienced
metamorphism together before overthrusting to the area of
the Main Range zone of the Greater Caucasus, i.e., before
350 Ma. Later they are intruded by Sudetic granites. It
should be noted that by the K—Ar method for rocks of the
Kiafara nappe, which is analogous to the Lashtrak nappe,
Somin (2011) obtained the following ages: 364 + 11,
368 + 10, 387 & 10, 390 £+ 10 Ma for muscovite, and
366 + 10 Ma for biotite.

Ca. 10% of the age determinations obtained for zircons
from metamorphic rocks and granitoids of the Main Range
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structural zone of the Greater Caucasus fall within the age
interval of 650-550 Ma, which corresponds to the Cado-
mian phase (Gamkrelidze et al. 2020). In contrast, we did

not detect any Cadomian zircon ages from the Beshta—
Kamenistaya orthogneisses. This indicates that the crys-
tallization and metamorphism of the Beshta—Kamenistaya
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Fig. 7 Results of Hf isotope
measurements in zircon from
orthogneisses of the Beshta
(sample 9-3) and Kamenistaya
(sample 426-3) massifs
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orthogneisses took place not in their current disposition,
but in a geologically different location and environment,
which once again confirms the allochthonous nature of the
Beshta—Kamenistaya intrusive rocks.

Zaridze and Shengelia (1977, 1978a, b) assumed that
rocks of the Lashtrak and Adjarka nappes have experienced
regional metamorphism at higher pressure conditions,
comparatively with the Main Range zone metamorphic
rocks. A comparison of the metamorphic ages of these
rocks and orthogneisses of the Beshta—Kamenistaya massif
with the ages of magmatic and metamorphic rocks of the
Main Range zone indicates that they have experienced
metamorphism at nearly the same time but under different
conditions. This possibly indicates an existence of a pair of
metamorphic belts within this zone of the Greater Cauca-
sus. We assume that the external belt is represented by a
few fragments of a once wider belt of high-pressure
metamorphic rocks. Presumably, their main part was hid-
den by subsequent tectonic events or buried under a thick
sedimentary cover. Later, these rocks were strongly
impacted by the Sudetic granitoids.

As for the zircon population having the age of 350 Ma
and younger, we assume that their origin is related to the
emplacement of Sudetic granitoids widespread in the Pass
subzone of the Main Range structural zone. As a result of
their impact, overgrown rims formed around some zircon
grains of the previous generation, but in some zircon
grains, rejuvenation took place. The age rejuvenation of
zircons is indicated by the presence of ages of
307-299 Ma, since by 310 Ma in the Main Range zone of
the Greater Caucasus, magmatic and metamorphic pro-
cesses had already ended and the basement rocks were
overlain by non-metamorphosed Upper Carboniferous-
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Permian sediments. In addition, Alpine rejuvenation of
micas in the basement rocks of the Greater Caucasus was
also established by the data of K—Ar dating (Somin 1971).

The calculation of the SiO, composition according to
the method proposed by Turner et al. (2020) yielded
average values of 53.0% for sample 426-3 and 52.3% for
sample 9-3, indicating affinity of the studied zircons to the
mafic rocks. The application of the discriminant diagrams
proposed by Belousova et al. (2002) also indicates the
mafic composition of the source rock. In the discrimination
diagram of zircons originated in the oceanic and conti-
nental crust (Grimes et al. 2007), zircons of the main
population plot in the overlapping area of the oceanic and
continental zircons. Finally, zircons of the main population
reveal extremely depleted Hf isotope composition, reach-
ing values characteristic of the depleted mantle (Fig. 7).
Interestingly, zircons from the Beshta—Kamenistaya massif
have more radiogenic Hf isotope composition than coeval
zircons megacrysts found in kimberlites in the Azov
domain of the Ukrainian Shield (eHf = 6.8 &= 0.14;
Shumlyanskyy et al. 2021). All these lines of evidence
indicate the affinity of the orthogneisses to the depleted
mantle-derived mafic rocks. They may originate due to
either igneous fractionation of the mafic melts or remelting
of the mafic crust. Most probably they represent oceanic
plagiogranites similar to those that associate with basaltic
oceanic crust.

Despite the similarity in terms of their age and Hf iso-
tope composition, zircons from the two studied samples
differ significantly in terms of REE distribution. Zircons
from sample 9-3 have a more fractionated REE pattern and
a significant negative Eu anomaly. These data indicate a
higher degree of fractionation (including plagioclase
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Fig. 8 REE patterns in zircon
from orthogneisses of the
Beshta (sample 9-3) and
Kamenistaya (sample 426-3)
massifs
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fractionation) compared to sample 426-3. Zircons from
sample 9-3 have also a significant positive Ce anomaly,

Old zircons
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indicating more oxidating conditions during their crystal-
lization. Calculation of the oxygen fugacity by applying the
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oxybarometer based on trace elements in zircon (Loucks
et al. 2020) yielded average Alog fO, (FMQ) values of —
0.6 for sample 426-3 and — 1.5 for sample 9-3. These
values are in the range typical for the mantle (Frost and
McCammon 2008; Dymshits et al. 2020), and mafic lay-
ered intrusions (Duchesne et al. 2006). It should be noted
that zircons in both studied samples reveal rather wide
within-sample variations of Alog fO, (FMQ) values (Sup-
plementary 3). These can be explained by several factors,
that, among others, include internal compositional hetero-
geneity of individual zircon crystals owing to zoning and
heterogeneity in the composition of individual zircon
crystals in any rock sample (Loucks et al. 2020). In addi-
tion to these factors, we would mention a complex geo-
logical history of the studied rocks that resulted in partial
chemical exchange with the surrounding minerals.

The second population of zircons in the studied
orthogneisses comprises several zircon grains of
Mesoarchean to Neoarchean ages. The source of these
zircons remains unknown. They crystallized from a melt of
intermediate (tonalitic?) composition with average SiO,
content of 57.6% (according to the method proposed by
Turner et al. 2020). These zircons have a relatively flat
pattern of REE and high concentrations of LREE, Th, and
U. Such peculiarities of their composition are indicative of
crystallization from fluid-enriched melts. The calculated
applying the oxybarometer of Loucks et al. (2020) average
Alog fO, (FMQ) value for the old zircon population is +

1.6, which points to reducing conditions during the zircon
crystallization.

The origin of the old population of zircon found in both
studied samples is unclear. Paleoproterozoic and Archean
detrital zircons were sporadically found in the Greater
Caucasus in clastogenic rocks (e.g., Somin 2011;
Gamkrelidze et al. 2020) and metamorphosed igneous
rocks (e.g., Gamkrelidze et al. 2020; Javakhishvili et al.
2021). The presence of such old zircons in metaigneous
rocks may indicate the availability of the ancient (Paleo-
proterozoic—Archean) crystalline basement (or its frag-
ments) in the deep crust in the area (Shumlianska and
Burmin 2021).

4 Conclusions

Two age populations of zircons have been distinguished in
orthogneisses of the Beshta—Kamenistaya massif based on
the data of the LA-ICP-MS U-Pb dating. They are well in
line with the geological events stated in this region and
show the relation of their formation or transformation with
the processes of magmatism and regional metamorphism.
The age of zircons of the main population of orthogneisses
varies in the interval of 420-300 Ma. Comparable results
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gave a Concordia age of 386.9 &+ 1.4 Ma, which corre-
sponds to the age of metamorphic recrystallization of
orthogneisses in Middle Devonian time during Brander-
burg orogeny. As for the peaks 375-373 Ma, they also
correspond to the ages of regional metamorphic events.
Zircons, dated in the Beshta—Kamenistaya intrusion at
350 Ma and younger, correspond to the Late Variscan
orogeny and possibly experienced Pb-loss in response to
the emplacement of Sudetic granites widespread in the
study area. As for zircons that yielded the ages of
3102-2769 Ma, they are xenocrysts that were captured
during the formation of initial melts of orthogneisses.
Hafnium isotope composition and trace element abun-
dances in the studied zircon indicate the affinity of the
orthogneisses to the depleted mantle-derived mafic rocks.
They may represent the result of fractionation of the mafic
melts or remelting of the mafic crust. Most probably they
are oceanic plagiogranites, which is similar to those that
associate with basaltic oceanic crust.
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supplementary material available at https://doi.org/10.1007/s11631-
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