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Abstract: The results of a laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS)
U-Pb dating and a Hf isotope study of zircon crystals separated from small eclogite xenoliths found
in Devonian kimberlites within the Prypyat horst, Ukraine, have been reported. The studied area
is located in the junction zone between the Sarmatian and Fennoscandian segments of the East
European Platform. Four laser ablation sites on two zircon grains yielded Paleoproterozoic U-Pb
ages between 1954 + 24 and 1735 + 54 Ma. In contrast, three of four Hf sites revealed negative
¢Hf values and Paleoarchean to Mesoarchean model ages, excluding the possibility that the eclogite
xenoliths represented segments of a juvenile Paleoproterozoic subducted slab or younger mafic
melts crystallized in the subcontinental lithospheric mantle. A single laser ablation Hf spot yielded
a positive eHf value (+3) and a Paleoproterozoic model age. Two models for eclogite origin can
be proposed. The first foresees the extension of the Archean lower-crustal or lithospheric roots
beneath the Sarmatia-Fennoscandia junction zone for over 200 km from the nearest known outcrop
of Archean rocks in the Ukrainian Shield. The second model is that the Central Belarus Suture Zone
represents a rifted-out fragment of the Kola-Karelian craton that was accreted to Sarmatia before the
actual collision of these two segments of Baltica.

Keywords: eclogite xenolith; kimberlite; zircon; U-Pb age; Hf isotopes; Ukrainian Shield; Devonian;
East European Platform

1. Introduction

Eclogite is a metamorphic rock of basic (basaltic) composition predominantly made of
garnet and Na-bearing clinopyroxene (omphacite) that is rare at the Earth surface. It indi-
cates high-pressure (over 1.2 GPa) and relatively high-temperature (over 500 °C) conditions
of metamorphic crystallization [1], which may be achieved either in the upper mantle or
in the lowermost part of a thickened crust. Eclogites having MORB-like geochemistry are
often considered as an evidence of subduction [2-7], and some have been used to suggest
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the operation of global plate tectonics since the Paleoproterozoic [4,5,8-10]. In subduction
zones, the eclogite mineral assemblage crystallizes due to the metamorphism of mafic
rocks comprising the subducting plate. In contrast, a model in which eclogites represent
primary igneous rocks that crystallize under high temperature and pressure conditions in
the subcontinental lithospheric mantle was proposed by [11]. Finally, retrogressed eclogites
from Paleoproterozoic orogens interpreted as mafic rocks metamorphosed at high pressure
in a thickened crust were discussed by [5].

Eclogite xenoliths have been found in numerous kimberlite pipes worldwide [9,12-16].
The interpretation of their origins is not straightforward as the geological context is not
always well understood, although these xenoliths are widely used to constrain lithosphere
evolution, including the subduction of oceanic lithosphere.

In the Ukrainian Shield, mantle xenoliths occur in the Palaeoproterozoic and Devonian
kimberlites [17-19], whereas eclogite xenoliths have been described only in kimberlite
fragments found in the late Palaeozoic breccias within the Prypyat horst [18]. In this
short communication, we reported results of U-Pb dating and Hf isotope studies of two
rare zircon crystals that were extracted from small eclogite xenoliths. We discussed their
possible meanings in understanding the geological history of the Ukrainian Shield in
the Paleoproterozoic.

2. Geological Setting
2.1. The Prypyat Horst

The Prypyat horst is located in the northern part of the Volyn-Podillya Basin and
represents a prolongation of the Prypyat branch of the middle to late Paleozoic Prypyat-
Dnieper-Donets Paleorift (PDDP; Figure 1). The PDDP is located in the southwestern part
of the East European platform and separates the Ukrainian Shield at the south from the
Voronezh Crystalline massif in the north. A large volume of alkaline, ultramafic and mafic
igneous rocks is known to be associated with the PDDP [20-31] and has been related to a
mantle plume during the late Frasnian [25]. Kimberlites related to the PDDP are known
in the Prypyat horst (see below) and in the junction between the Azov Domain of the
Ukrainian Shield and the Donets Basin [26,32].

East European platform
b - (Baltica)

U

Ukrainian Shield

Black Sea
[] Prypyat-Dnieper-Donets Paleorift (I - Prypyat Basin, Il - Dnieper Basin, Ill - Donets Basin)

[] Orosirian (2.0-1.9 Ga) orogenic belts (OMIB = Osnitsk-Mikashevychi Igneous Belt, CBSZ = Central Belarus Suture Zone)
Il Predominantly Rhyacian orogenic belts with juvenile continental crust

[l Mesoarchean Middle Dnieper Domain
[] Eo- and Paleoarchean continental crust

Il 1800-1740 Ma anorthosite-mangerite-charnockite-granite complexes
Areas of the late Devonian magmatism: 1 - kimberlites of the Prypiat horst; 2 - alkaline-ultramafic rocks of the Zhlobin
@ saddle; 3 - trachyandesites of the Prypiat basin; 4 - basalts, ultramafic and subalkaline rocks of the Dnieper—Donets
trough; 5 - basalts of the Voronezh Crystalline Massif 6 - basalts, dolerites, kimberlites, alkaline mafic, and ultramafic
rocks of the Eastern Azov region.

Figure 1. Schematic map of Sarmatia, modified after [32,33]. The positions of the Prypyat-Dnieper-
Donets Paleorift and related magmatism are shown.
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The Prypyat horst is a complex east-west trending structure limited by normal faults
and disrupted by a series of transverse faults (Figure 2). It extends along the strike for
100-120 km and is 20-30 km in width. The crystalline basement in the western part of the
horst is composed of Paleoproterozoic gneisses, amphibolites, gabbros and granitoids. This
area has been interpreted as a part of the Central Belarusian Suture Zone, which represents
a Paleoproterozoic belt extended along the Osnitsk-Mikashevychi Igneous Belt (OMIB) [34].
The Central Belarusian Suture Zone comprises amphibolite- to granulite-facies rocks units
separated by the NE-trending Minsk Fault. The rock units occurring in the NW from the
fault comprise ca. 2.0 Ga island-arc metavolcanic rocks (basalts and andesites), banded
iron formation, black shales and calcareous metasediments [35]. All these rock types have
been intruded by ca. 1.9 Ga plagioclase granitoids [36]. In contrast, rock units occurring
in the SE of the Minsk Fault include predominantly metasediments, while ca. 1.98 Ga
intermediate to felsic metavolcanic rocks are less spread [37].

The eastern part of the Prypyat horst belongs to the OMIB [38,39], which is consid-
ered to represent a Paleoproterozoic (ca. 2030-1980 Ma) active continental margin [40,41].
The OMIB comprises intrusive rocks ranging in composition from ultrabasics to grani-
toids (with granitoids being the predominant rock type) and extrusive rocks of basaltic
and rhyolitic compositions metamorphosed under epidote-amphibolite facies conditions.
Metasedimentary rocks are lacking in the OMIB. The nature and the exact position of the
boundary between the Central Belarusian Suture Zone and the Osnitsk-Mikashevychi
Igneous Belt are unknown.

The crystalline basement in the area is overlain by an 835 m-thick continental silt-
sandy red-bed formation of the Polissya Series filling the Volyn-Orsha aulacogen. The
maximum age of the Polissya Series is defined by the U-Pb dating of detrital zircons at ca.
1020 Ma [42,43].

I Paleoproterozoic crystalline rocks

Bl Mesoproterozoic terrigenous sediments of the Polissya Series
Bl Gabbro-dolerite sill intrusions
[ 1 Neoproterozoic terrigenous sediments of the Brody Suite
B Neoproterozoic volcanic rocks of the Volyn flood basalt province
I Late Ediacaran - Cambrian sedimentary succession
[ Silurian limestones
_ Approximate position of a boundary between the Central Belarus
—  Suture Zone (CBSZ) and Osnitsk-Mikashevychi Igneous Belt (OMIB)
m Location of the studied samples

Figure 2. Schematic geological map and section across the Prypyat horst, simplified from [34].

The Polissya Series is overlain in places by terrigenous sediments of the Brody Suite
that may exceed 20 m in thickness, which was almost entirely eroded already in Ediacaran
Period. The Brody Suite comprises red-coloured sandstones that host small (up to 15 cm
in size) granite boulders and quartz-feldspar pebbles. The upper part of the sequence
gradually changes into siltstones that contain small fragments of crystalline rocks and
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represents the stratigraphic equivalent of the much thicker (up to 483 m) Glusk Suite
that belongs to the Ediacaran Vilcha Series in Belarus [44] and has been interpreted as
representing glacial deposits [45].

The volcanogenic formations of the ca. 570 Ma Volyn Series overlie the sediments of
the Polissya Series and Brody Suite. The thickness of the Volyn Series tuffs and basaltic
flows reaches 300-500 m [46—48]. All these rocks were once overlain by Ediacaran to
Silurian sediments that were mostly eroded within the Prypyat horst during its uplift in
the Devonian.

2.2. Geophysical Data

According to [49], the Central Belarusian Suture Zone differs from the adjacent tectonic
units (the OMIB in the SE and the Belarus-Baltic Granulite Belt in the NW) by generating
higher seismic velocities in the crust and by the higher average rock densities, reaching
3.45¢g/ cm? below the Moho (in contrast to 3.30 g/ cm? in the OMIB). The thickness of the
crust varies from 50 to 55 km in both the Central Belarusian Suture Zone and the OMIB.

An southwest to south-southwest dipping reflector has been detected in the uppermost
mantle by the EUROBRIDGE’97 seismic profile [50]. According to [49], this reflector may
represent a relic of the subducted oceanic plate that corresponds to the closure of the ocean
basin once located between Sarmatia and Fennoscandia. However, reference [50] noticed
that the direction of the dip of the reflector is nearly perpendicular to the strike direction
of the OMIB and the Central Belarus Suture Zone. Therefore, they suggested that the
reflector may represent the trace of a suture between Sarmatia and Fennoscandia or a
collision-related shear zone in the upper mantle.

The results of the quasi-three-dimensional (3D) seismotomographic P-wave modelling
of the upper mantle beneath western Ukraine [51] at depths between 100 and 200 km are
given in Figure 3. These data indicate that the Prypyat host is located at the edge of the high-
velocity (and high-density) region that embraces Western Ukraine, including the western
part of the Ukrainian Shield and its western slope. These high-density rocks revealed
by seismic tomography indicate the possible presence of eclogites in the subcontinental
lithospheric mantle.

2.3. Kimberlite Samples and Their Setting

The Prypyat horst is cut by the Kuhotska Volya and Belska zones of brecciated rocks
that are interpreted as post-Silurian explosive structures confined to the fault zones [52].
These zones occur as pipe-like bodies having 75-250 m in size, filled with non-cemented
fragments of various rocks, including sedimentary rocks, felsic to ultramafic tuffs, picrites,
basalts, dolerites, lamprophyres and kimberlites. The youngest rock fragments found in
these zones are limestone and dolomite of the late Silurian Ludlow group [53]. A few frag-
ments of kimberlite and their indicator minerals (pyrope and picroilmenite) were recovered
from breccias of the Kuhotska Volya zone [18,53]. Because of their economic potential, over
70 holes were drilled in the area, six of which have revealed over 60 kimberlite fragments.
The size of these fragments varies from a few millimetres to 3-5 c¢m, rarely reaching 10 cm.
The fragments are irregular in shape and have rough surfaces, without any evidence of
mechanical abrasion. Kimberlites are represented by eruptive breccia that contains xeno-
liths of mantle rocks (see below) and minerals (olivine, Cr-spinel, Cr-diopside, pyrope and
picroilmenite), fragments of earlier kimberlite, and fragments of the sedimentary rocks that
constitute the platform cover in this area. All these are cemented by a kimberlite matrix of
the basaltic (group I) type [18,54]. The most common size of xenoliths and fragments is
2-5 cm, and their amount may reach 30-50% of the total volume of the kimberlitic breccia,
with fragments of sedimentary rocks being the most abundant. The kimberlitic cement
is porphyritic and contains 20% to 70% of serpentine and serpentine-carbonate aggre-
gates that are developed from primary olivine phenocrysts. The kimberlite groundmass
is aphanitic to fine-grained, heavily altered, and composed of serpentine and carbonate.
In places, it contains a large amount of opaque minerals.
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Mantle xenoliths in the kimberlite breccia include eclogite, pyrope peridotite and
ilmenite peridotite. Due to their small size (less than 1 cm), we were unable to obtain truly
representative samples suitable for comprehensive geochemical and mineralogical studies.
A few medium- to coarse-grained eclogite xenoliths were obtained, which contained
completely replaced by secondary minerals omphacite and fresh garnet. One of the
xenoliths contains altered olivine. Two largest xenoliths were processed individually in
order to separate accessory minerals. These included apatite, rutile, ilmenite, and graphite.

Depth 100 km
24° E 26° E 28° E 30°E 32°E
52° N

50°N

48° N

Depth 200 km
24° E 26° E 28° E 30°E 32°E

52° N

50° N

48° N

Figure 3. Horizontal seismotomographic sections of the mantle in Western Ukraine at depths from
100 and 200 km. The isolines indicate the calculated rock densities in g/cm3. PH stands for the
Prypyat horst, and the sampled area is shown by a black square.

2.4. Zircon Description

Two zircon grains were isolated from two eclogite xenoliths. Grain 1 was euhe-
dral, prismatic with poorly developed bipyramids, ~380 um long, transparent, and light
brownish-red in colour. Although it looks completely homogeneous under an optical
microscope, the cathodoluminescence (CL) imaging revealed strong oscillatory zonation,
with a dark irregular core and numerous light zones (Figure 4). Grain 2 was isometric,
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anhedral, ~200 pm in size, transparent and grey-coloured. This grain was completely
homogeneous both under an optical microscope and in CL (Figure 4).

Grain 1

. Grain 2
Ca

Figure 4. Optical microscopic and cathodoluminescence (CL) images of the two eclogite zircons.

400um

3. Analytical Techniques

The samples were processed at the M.P. Semenenko Institute of Geochemistry, Min-
eralogy, and Ore Formation, Kyiv, Ukraine, employing conventional separation methods
(a water shaking table, heavy liquids and a magnetic separator). Zircon grains were
handpicked from a heavy mineral fraction under a binocular microscope LOMO MSP-1,
mounted in a resin puck and polished to half of their thickness. The laser ablation in-
ductively coupled plasma mass spectrometry (LA-ICP-MS) U-Pb dating of zircons was
carried at the Geochronology section of the Senckenberg Natural History Collections in
Dresden (SNSD) using a Thermo-Scientific Element 2 XR sector field ICP-MS, coupled to a
New Wave UP-193 ArF Excimer Laser System. Each analysis consisted of 15 s background
acquisition followed by 30 s data acquisition, using a laser spot-size of 35 pym. Raw data
were corrected for background signals, laser-induced elemental fractionation, instrumental
mass discrimination and time-dependant elemental fractionation of Pb/Th and Pb/U. The
reported uncertainties were propagated by the quadratic addition of the external repro-
ducibility obtained from the standard zircon GJ-1 (~0.6% and 0.5-1% for 2%“Pb /2%Pb and
206pp /2381, respectively). For further details on the analytical protocol and data process-
ing, see [55]. Th/U ratios, together with U and Pb contents, were determined from the
LA-ICP-MS data and calculated relative to the GJ-1 zircon standard; values were accurate
to within approximately 10%.

The Lu-Hf analyses were performed using LA-ICP-MS at the Institute of Geology and
Geophysics in the Chinese Academy of Sciences in Beijing. The Neptune instrument used
was equipped with a 193 nm ArF excimer laser-ablation system. The analytical procedures
are described in [56]. A laser repetition rate of 10 Hz at 100 m] was used, and the spot size
was 40 um. To transport the ablated material from the laser-ablation cell to the ICMPS torch,
He and Ar carrier gases were used. Raw count rates for 172Yp, 173YDp, 175Lu, 176 (Hf+Yb+Lu),
177Hf, 178Hf, 79Hf and 18°Hf were collected. The isobaric interference of °Lu on 76Hf
was corrected assuming 176Lu/175Lu = 0.02655 [57], and the mean mass bias value of Yb
obtained during analysis on the same spot was applied for the interference correction of
176Yb on 176Hf [58], assuming a value of 0.5886 for 17Yb/172Yb. During the analysis, the
176H£ /177Hf and 17°Lu /177 Lu ratios of the standard zircons, GJ-1 and Mud Tank [59] were
0.2824988 =+ 0000035 and 0.2820155 4 0000040, respectively. The ”Lu decay constant used
was 1.867 x 10~ 11 year’1 [60].

4. Results
4.1. U-Pb Dating

Grain 1 yielded concordant ages of 1954 + 24 Ma (core part, 2Pb /2%Pb date) and
1802 £ 43 Ma (outer part; Table 1; Figure 5). Two analyses carried out in grain 2 yielded
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close to concordant (4% and 3% of discordance, respectively) results were shown as follows:
the 207Pb /206Pb date of 1824 + 47 Ma for the central part and that of 1735 + 54 Ma for the
outer part.

Table 1. Results of the laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) U-Pb dating of zircons
from eclogite xenoliths.

Isotope Ratios Ages (Ma + 20) U Th
207 py, 206 py, 207 py, 207 py, 206 py, 207 pp, Degree of ThU
— 20(%) ——— 20(%) —————————————————— 20 (%) Concor Concentrations (ppm) Ratio
235 238 Exror 206 235 238 206 dance (%)
Spot# u u Correllation Pb u U b
Grain 1
B1 5.9369 3.1 0.35933 2.8 0.90 0.1198 13 1967 + 27 1979 + 48 1954 + 24 101 30 12 0.39
B2 4.9965 45 0.32898 3.8 0.85 0.1102 24 1819 £ 39 1833 + 61 1802 + 43 102 20 7 0.20
Grain 2

B3 4.7844 54 0.31114 4.8 0.88 0.1115 2.6 1782 + 47 1746 + 74 1824 £ 47 96 40 15 0.50
B4 4.3428 52 0.29660 4.3 0.82 0.1062 3.0 1702 + 44 1674 + 64 1735 + 54 97 38 13 0.43

(=)

o 0.34¢

o™

T—

0

B g3zl

[

8]

0.30
0.26 [ . 1 L L . 1 . 1 . . 1 : 1

Figure 5. U-Pb concordia diagram for zircon analyses from the eclogite xenoliths.

4.2. Hf Isotopes

Hafnium isotope compositions were measured on the same spots as the U-Pb sites,
and the results are reported in Table 2. Initial 17°Hf/77Hf and eHf values were calculated
according to 2%’Pb/2%Pb ages. All, except one, spots revealed low initial 17°Hf/7”Hf ratios
and negative ¢Hf values, and, correspondingly, Paleoarchean to Mesoarchean model ages.
In contrast, a single spot (B4) located in the marginal part of the structureless grey zircon
crystal yielded a positive eHf value (+3) and a Paleoproterozoic model age.

Table 2. Hf isotope composition of zircons from eclogite xenoliths.

Isotope Ratios DM Model Ages (Ma)

27PbP%Pb  yz6: 177 176y}, /177 176 13¢/177 176 13¢/177 Actual Felsic Mafic

Spot # Age (Ma) Lu/Y"Hf Yb/M " HE Hf/""Hf + 10 Hf/""Hfy eHfr + 20 Lu/Hf Crust Crust
Grain 1

B1 1954 0.000087 0.002696 0.281211+17 0.281207 —12+1 2778 3103 3929

B2 1802 0.000031 0.000915 0.281168+15 0.281166 —-17+1 2831 3234 4259
Grain 2

B3 1824 0.000687 0.018131 0.281738 + 14 0.281714 3+1 2106 2211 2492

B4 1735 0.001255 0.035319 0.281156 + 16 0.281114 -20+1 2938 3354 4508

Note: Depleted mantle (DM) model ages were calculated using the measured 1761 u/177Hf ratios, whereas “felsic crust” model ages were
calculated using the average continental crust 7°Lu/77Hf of 0.015 [61] and “mafic crust” model ages were calculated using the 17¢Lu /77 Hf
ratio of 0.021 [62].
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5. Discussion
5.1. Origins of Zircons and Their Ages

The studied zircon crystals were separated from two small eclogite xenoliths. Hence,
zircons in this rock could be igneous, metamorphic or xenogenic [63]. The Th/U ratios
of the analysed sites varied from 0.20 to 0.50. Crystal 1 preserved the morphology and
internal structure typical of igneous zircon, whereas grain 2 resembled those found in
high-grade metamorphic rocks of the Ukrainian Shield [64]. Despite the lack of internal
structure of grain 2, it revealed significant variations in Hf isotope composition (Table 2).

The zircon crystals yielded Paleoproterozoic ages in the range of 1955 to 1735 Ma
(?%Pb /?%Pb ages). The three younger ages (1825-1735 Ma) were broadly coeval with the
time assumed for the oblique collision of the Volgo-Sarmatian and Fennoscandian segments
of the East European craton that started at ca. 1.83-1.81 Ga [65-67] (and continued for
the next ~100 Myr, causing the rotation of Sarmatia [68]). At the same time, the Prutivka-
Novogol large igneous province formed, consisting of numerous mantle-derived mafic and
ultramafic dykes and large anorthosite-mangerite—charnockite-granite complexes [69-71].

In contrast, the single older age (1954 =+ 24) corresponds to the formation of the Central
Belarus Suture Zone [49] (and the first author’s unpublished data). In general, the location
of the results along the concordia line in the U-Pb isotope diagram (Figure 5) suggested
that the younger ages may represent the result of resetting of the U-Pb isotope system.
The locations of the three results close to the Pb-loss line in the ¢Hf vs. age plot (Figure 6)
supported such a suggestion. In contrast, one of the spots yielded an elevated 7°Hf /17 Hf
ratio and correspondingly a high eHf value (+3) at 1824 Ma, indicating the input of juvenile
materials at that time. This Hf isotope composition was similar to that of zircons from the
ca. 1780 Ma mafic dykes in the North-Western region of the Ukrainian Shield [72].

12 ‘——__DM
8
—_—
A B3e
~
w 0 HUR
I
w 4
-8
B1
12 L}
-16 B.Z
20 \uf“?‘&/’. " ® Prypyat horst, this study
ae Kola Peninsula, Mints et al. (2010)
-24
1300 1800 2300 2800 3300

207Pp/206Ph age (Ma)

Figure 6. Diagram showing variations of ¢éHf values in zircons vs. age. Zircons from eclogites in
the Kola Peninsula and granulites of the western part of the Ukrainian Shield (shown as a shaded
field; [64,73,74]) were plotted for the comparison with the data from the present study.

The three analyses that were plotted close to the Pb-loss line yielded Meso- to Pa-
leoarchean Hf model ages (Table 2), indicating an Archean protolith age for the eclogite
xenoliths. This excluded the possibility that the eclogite xenoliths represented either the Pa-
leoproterozoic subducted slab or mafic melts crystallized in the subcontinental lithospheric
mantle. Grain 1, which had a preserved bipyramidal-prismatic shape and a concentric
zoning, may represent a primary igneous zircon. The central part of grain 2 records a signif-
icant input of juvenile Paleoproterozoic materials, which can be related to the emplacement
of the Prutivka-Novogol large igneous province [69,72]. In contrast, the younger outer part
had an Archean Hf isotope signature, suggesting that the older, unradiogenic Hf derived
during the recrystallization of the Archean protolith prevailed at the later stages of zircon
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crystallization. These data indicated a complex geological history of the eclogite xenoliths.
Our interpretation must be treated with caution, as it is based on a very limited dataset.

5.2. The Possible Protolith of the Eclogites

The Archean Hf isotope signature of eclogitic zircons from the Prypyat horst raises
the question about the nature of the possible protolith. Both the OMIB and the Teteriv Belt
represent juvenile Paleoproterozoic crust formed outboard of the Archean Dniester-Bouh
Domain of the Ukrainian Shield, whereas Archean rock complexes are absent in the area.
No Archean signature has been revealed in either the OMIB [41] or the Teteriv Belt [75,76].
The lower-crustal xenoliths of feldspar-rich garnet granulites and feldspar-poor eclogitic
granulites that geochemically resemble mafic rocks of the OMIB have been also stud-
ied [77]. These xenoliths yielded Paleoproterozoic Nd model ages, despite the moderate
contamination by the Devonian alkaline magmas that delivered them to the surface.

The nearest rocks, with the evidence of an Archaean protolith, to the Prypyat horst
occurs at a distance of ca. 200 km, near the junction point of the North-Western, Podillya
and Ros-Tikych regions of the Ukrainian Shield [78]. In terms of Nd and Hf isotopes, these
rocks are indistinguishable from Mesoarchean rocks of the Dniester-Bouh Domain, which
shows juvenile compositions at ca. 2800-3000 Ma. This rock assemblage has experienced a
second metamorphic and igneous event (coeval with the formation of the Teteriv belt) at ca.
2100 Ma, which was accompanied by some input of juvenile materials. Zircons having ages
between these two events plot on the Pb-loss line are shown in the grey field in Figure 6.

However, the Hf isotope systematics of zircons from eclogite xenoliths in the Devonian
kimberlites did not match those in zircons from the Dniester-Bouh Domain. Instead, they
had elevated 7°Hf/!77Hf ratios. Theoretically, their isotope composition can be explained
by a mixing of the prevailing old hafnium having a low 7°Hf/177Hf ratio with some
amount of young juvenile Hf having an elevated 7°Hf/!77Hf ratio.

Zircons from eclogite xenoliths of the Prypyat horst had isotope compositions similar
to those found in zircons from retrograded eclogites of the Kola Peninsula [79] (Figure 6).
They were all plotted on the same (or near the) Pb-loss line that intersects the depleted
mantle curve at ca. 2.8 Ga. A single spot (B3) with a positive eHf value found in the Prypyat
zircon was also plotted close to the field of ca. 1900 Ma juvenile zircons recorded in the
Kola Peninsula eclogites.

Looking at the broader regional correlation, a possible affiliation of the Central Belarus
Suture Zone to Fennoscandia has been discussed by [49]. These authors suggested that
the zone formed at the SE margin of the Fennoscandian plate and was attached to the
OMIB during the collision of Sarmatia and Fennoscandia. However, this model does not fit
the younger ages of the continental crust located in the northwest of the Central Belarus
Suture Zone [33]. Geochronological data indicated that the vast areas of the continental
crust between the Central Belarus Suture Zone and the Kola-Karelian craton (the core of
Fennoscandia) did not yet exist at the time when the Central Belarus Suture Zone formed.
The belonging of the Central Belarus Suture Zone to Sarmatia has been supported by the
results of geological [80] and geophysical [81] studies.

If we accept the Meso- to Neoarchean age of the protolith of eclogite xenoliths, as
revealed by the Hf isotope systematics of the rare zircon grains, then two possible explana-
tions can be proposed for the origin of the eclogite. The first model involves the extension
of the Archean lower-crust or lithospheric roots of the Dniester-Bouh Domain beneath
the Teteriv and Osnitsk-Mikashevychi Belts and the Central Belarus Suture Zone for over
200 km from the nearest known outcrop of Archean rocks in the Ukrainian Shield. However,
this model contradicts the well-known juvenile Paleoproterozoic nature of the Teteriv and
Osnitsk-Mikashevychi belts. Moreover, the Hf isotope systematics of the eclogitic zircons
does not match those in the Archean rocks of the Dniester-Bouh Domain. The second
model indicates that the Central Belarus Suture Zone may represent a rifted fragment of
the Kola-Karelian craton that was accreted to Sarmatia before the actual collision of these
two segments of Baltica. The Central Belarus Suture Zone differs from the surrounding
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areas by the denser crust, as recorded by the geophysical data, and the higher degree
of metamorphism, reaching granulite facies. This is in marked contrast to the weakly
metamorphosed surrounding areas. However, the substantiation of this model requires
further detailed studies of the Central Belarus Suture Zone.

6. Conclusions

Zircons from two eclogite xenoliths in Devonian kimberlites had U-Pb ages in the
range of 1955 to 1735 Ma (*7Pb /2% PDb ages), which corresponded to the ages of the
rock assemblage constituting the Central Belarusian Suture Zone. However, Hf isotopes
indicated Paleoarchean to Mesoarchean model ages for zircon crystals in eclogite xenoliths.
Moreover, the Hf isotope systematics of the studied zircons revealed the affinity of the
protolith to the Fennoscandian segment of Baltica rather than to Sarmatia.

The nature of the eclogite protolith remains unresolved, as it may represent either a
fragment of the subducted Archean lithosphere or Archean mafic rocks that crystallized
from the plume-related mafic melts in the thickened lower crust or upper mantle. Geo-
physical data support the presence of mantle rocks having the increased density in the
area. At ca. 1800 Ma, the eclogite protolith experienced some rejuvenation probably due to
the emplacement of mafic melts related to the Prutivka-Novogol large igneous province.
Irrespective of the exact origin, the newly obtained results presented here indicated a com-
plex geological history for the junction zone between the Sarmatian and Fennoscandian
segments of the East European Platform (Baltica). A further detailed geochronological and
isotope geochemical study of the rock complexes composing the junction zone is required.
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