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Ancient cores older than 3.5 Ga were found by iso-
tope–geochronological methods in practically all
Archean cratons. Over a few past decades, attempts
were made to find such a core (or cores) in the Baltic
shield.

Trondhjemite gneisses in Central Finland with
3.7 Ga-old zircon cores are the only old rocks found as
of yet in the Baltic shield [1]. The areas promising for
the discovery of ancient zircons are located in the Vod-
lozero domain [2]. The Vodlozero gneisses were previ-
ously dated by the conventional U–Pb zircon method at
3115 

 

±

 

 17 Ma (two-point isochron on early zircons) and
2873 

 

±

 

 15 Ma (late zircon) [2–4], while K–Ar and Pb–
Pb dates on amphiboles and plagioclases varied from
2850 to 2650 Ma, reflecting later superimposed events.
No reliable ages were obtained by dating of early zir-
cons on SHRIMP I in Canberra. The dates thus
obtained were discordant, which is difficult to interpret
during ion microprobe zircon dating [5].

The early stages of the onset and development of
continental cores are reconstructed primarily with high-
precision isotope age determinations. Given the intri-
cate structural–metamorphic nature of this region,
additional U–Pb isotope studies were carried out on zir-
cons from gneisses with reliable correlation with the
local structural scale.

Gneissic exposures (Vodlozero gneissic complex)
were found and studied at the southeastern Baltic shield,
where they extend over a distance of about 10 km along
the Vodla River bank (Fig. 1). The Vodlozero Complex
consists of gneisses and amphibolites with tonalite–
trondhjemite veins. The rocks underwent multiple structural
reworking and metamorphic transformations [4].

The least altered rocks retain their early textures
(

 

D

 

n

 

 

 

+

 

 

 

1

 

), such as banding and schistosity, and compose
small lenses a few dozen centimeters in size. Gneissic
samples 18k and 45b were taken from a lens consisting
of two layers of biotite–amphibole gneisses and one
amphibolite layer. Sample 18g was taken from a small
amphibolite lens. Small deformed amphibolite and
gneissic lenses are related to the late deformation zones
(

 

D

 

n

 

 

 

+
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, Fig. 1, inset). The amphibolites retaining early
textures belong to the calc-alkaline series, unlike the
younger amphibolites in this area. In the south, the meta-
morphic rocks are cut by the Kubov granites with an age
of 2680 

 

±

 

 40 Ma [3]. Zircons were preliminarily studied
by microscopic and cathodoluminescent methods.

Cathodoluminescent images are shown in Fig. 2. In
amphibole–biotite gneisses (sample 18k), the early zir-
con generation was preserved only in crystal cores. It
consists of short-prismatic flattened crystals with sharp
zoning (Fig. 2, grains 1.4 and 2.2). The second genera-
tion comprises brown prismatic unzoned grains (Fig. 2,
grain 2.1). Two sharply distinct zircon generations were
found in gneiss (sample 45b) affected by late magneti-
zation (

 

ä

 

2

 

é

 

 content reaches 1%). The old generation is
composed of short-prismatic crystals with smoothed
outlines (Fig. 2, grains 2.3, 2.4, 2.6). The young gener-
ation includes dipyramidal crystals with sharp edges
and well expressed zoning (Fig. 2, grains 1.3, 1.1). Two
main zircon generations were also found in amphibolite
(sample 18g). The old generation consists of small flat-
tened weakly zoned crystals (Fig. 2, grains 1, 4, 7),
while the young generation is significantly larger pris-
matic crystals with distinct zoning (Fig. 2, grains 12,
15, 16, 17).
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Fig. 1.

 

 Position of gneisses of the Vodlozero Complex (inset) in the schematic geological map of the Vodlozero block.
Inset: (

 

1

 

) gneisses, (

 

2

 

) gneisses with early schistosity (

 

a

 

) and (

 

b

 

) gneisses with schistosity S-2; (

 

3

 

) amphibolites 1(

 

a

 

) and
2(

 

b

 

); (

 

4

 

) trondhjemite veins [(

 

a

 

) early, (

 

b

 

) late]; (

 

5

 

) late kinematic granites; (

 

6

 

) mafic dikes; (

 

7

 

) blastomylonites; (

 

8

 

) geo-
logical boundaries; (

 

9

 

) inferred boundaries; (

 

10

 

) exposures; (

 

11

 

) fold axes; (

 

12

 

) sample numbers used in the work for
age determination.
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U–Pb zircon dating was conducted on a high-reso-
lution secondary ion microprobe (SCHRIMP-II) at the
Center of Isotopic Research, Karpinskii All-Russia
Research Institute. The U–Pb isotope ratios were ana-
lyzed on a SHRIMP-II mass spectrometer using the
technique [6]. The intensity of the primary beam of
negative molecular oxygen ions was 5 nA, the diameter
of the spot (crater) was 25 

 

µ

 

m in size. The obtained data
were treated with the SQUID program [7]. The U–Pb
ratios were normalized to 0.668 in the TEMORA stan-
dard zircon corresponding to an age of 416.75 Ma [8].
The uncertainty of individual analyses (ratios and ages)

was given at a 1-

 

σ

 

 level, the uncertainties of the calcu-
lated concordant ages and concordia intercepts are
given at 2

 

σ

 

. The concordia diagrams were plotted using
the ISOPLOT/EX programs [9].

U–Th–Pb isotope zircon study on SHRIMP II ion
microprobe showed that the zircons have distinct
geochemical nature and isotope ages. The results of the
isotopic studies are shown in table and concordia dia-
grams (Figs. 3–5).

The oldest zircons in gneisses have about 100 ppm
U content, 0.9 Th/U, and an age of 3240 

 

±

 

 15 Ma. They
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Fig. 2. 

 

Cathodoluminescent image of zircons from various gneiss and amphibolite samples (see text).
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compose grain cores in sample 18k and individual crys-
tals in sample 45b. The second generation of zircons in
the gneisses contains about 300 ppm U, occasionally up
to 700 ppm, with a Th/U ratio of 0.66. The age of this
generation is 3153 ± 5 Ma. The late zircon generation
was found only in gneiss (sample 45b). The zircons
have a very low U content of ~50 ppm, a Th/U ratio
about 1.0, and an age of 2845 ± 6 Ma.

Early zircon from the amphibolites (sample 18g)
contains about 130 ppm U, with a Th/U ratio of 0.5. The
age of this generation is 3240 ± 10 Ma. The late zircon

contains about 150 ppm U, at Th/U ratio of 1.0, and is
dated at 2980 ± 12 Ma.

The obtained dates and geochemical characteristics
of the zircons reflect the intricate metamorphic evolu-
tion of the region. The earliest zircon from both the
gneisses and the amphibolites has an age of 3240 Ma,
which presumably is the protolith age. This is con-
firmed by available Sm–Nd isotope data on these rocks
[10], whose positive εNdt values from +1.5 to +1.8 tes-
tify to a juvenile source.
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However, early zircons from the gneiss (sample 45b)
and amphibolite have distinct morphologies. The
gneisses were presumably formed after quartz diorites,
while zircons from amphibolite are morphologically
similar to those from volcanic rocks. Zircons from
amphibolite are partially dissolved (Fig. 2, grains 1, 4),
suggesting their entrapment from the host rocks. This
assumption is consistent with variable age of metamor-
phic zircon in these rocks.

The evolution of the Vodlozero gneisses and
amphibolites can be represented in the following form:

Calc-alkaline juvenile magmatism occurred at 3240 Ma.

At 3150 Ma, the Vodlozero Complex underwent
early metamorphism, which was responsible for the
crystallization of a new zircon generation in the
gneisses and for the formation of a metamorphic shell
around early zircons. Tonalite intrusions were concur-
rently emplaced in the central part of the Vodlozero
domain [2, 5, 11]. The rocks of this age were formed in
the lower crust, as follows from Nd isotope data on
crustal granites [11]. The wide spatiotemporal spread of
these processes is evident from detrital zircons in the
sediments of the Matkalakhta belt in the southern part of
the Vodlozero domain. Zircons accounting for 40% of
the detrital fractions have an age of 3160–3100 Ma [12],
Th and U contents, and Th/U ratios similar to those in
the simultaneous zircons from the Vodlozero gneisses.

Mafic dikes of generation I were emplaced in the
Vodlozero gneisses at 2980 Ma and induced the growth
of magmatic zircons in the amphibolites. At this time,
felsic and mafic magmatism widely occurred in the
Vodlozero block: tonalites and granodiorites were
emplaced in its northern part and gabbrodiorites in the
central part. The mafic dikes were emplaced concur-
rently with greenstone mafic volcanics in the structures
surrounding the Vodlozero domain [11].

Mafic dikes of generation II were formed at 2860–
2900 Ma. The mafic magmatism of this stage was wide-
spread beyond the Vodlozero domain.

The plagiomigmatization of the Vodlozero Complex
at 2845 Ma led to the formation of a new zircon gener-
ation in relicts of ancient gneisses. Mafic and felsic
intrusive magmatism of this time took place in green-
stone belts at the periphery of the Vodlozero blocks
(tonalities of the Shilos greenstone belt and gabbro and
gabbrodiorites of the Semch and Palaya Lamba green-
stone belts) [11].

The emplacement of posttectonic granites at 2670 Ma
did not lead to the growth of zircons in the gneisses and
exerted no effect on the U–Pb isotopic system of these
zircons.
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