
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/229316475

Titanite-rutile thermochronometry across the boundary between the

Archaean Craton in Karelia and the Belomorian Mobile Belt, eastern

Baltic Shield

Article  in  Precambrian Research · January 2001

DOI: 10.1016/S0301-9268(00)00117-0

CITATIONS

85
READS

150

5 authors, including:

Some of the authors of this publication are also working on these related projects:

Geodynamic Evolution of Bundelkhand craton, India View project

New geological map of the SE Fennoscandian Shield View project

E. V. Bibikova

Russian Academy of Sciences

186 PUBLICATIONS   4,552 CITATIONS   

SEE PROFILE

Svetlana V. Bogdanova

Lund University

160 PUBLICATIONS   5,819 CITATIONS   

SEE PROFILE

Roland Gorbatschev

Lund University

71 PUBLICATIONS   4,147 CITATIONS   

SEE PROFILE

Alexander Slabunov

Institute of Geology, Karelian Reaearch Centre, Russian Academy of Scie…

131 PUBLICATIONS   1,546 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Alexander Slabunov on 27 September 2019.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/229316475_Titanite-rutile_thermochronometry_across_the_boundary_between_the_Archaean_Craton_in_Karelia_and_the_Belomorian_Mobile_Belt_eastern_Baltic_Shield?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/229316475_Titanite-rutile_thermochronometry_across_the_boundary_between_the_Archaean_Craton_in_Karelia_and_the_Belomorian_Mobile_Belt_eastern_Baltic_Shield?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Geodynamic-Evolution-of-Bundelkhand-craton-India?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/New-geological-map-of-the-SE-Fennoscandian-Shield?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/E-Bibikova?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/E-Bibikova?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Russian-Academy-of-Sciences?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/E-Bibikova?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Svetlana-Bogdanova-2?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Svetlana-Bogdanova-2?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Lund_University?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Svetlana-Bogdanova-2?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roland-Gorbatschev?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roland-Gorbatschev?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Lund_University?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Roland-Gorbatschev?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Slabunov?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Slabunov?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Slabunov?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexander-Slabunov?enrichId=rgreq-cdef8c98ed09d652d9ff1906a24b82bc-XXX&enrichSource=Y292ZXJQYWdlOzIyOTMxNjQ3NTtBUzo4MDc2MjQzNzUzMDAwOThAMTU2OTU2NDA2NDU3OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Precambrian Research 105 (2001) 315–330

Titanite-rutile thermochronometry across the boundary
between the Archaean Craton in Karelia and the

Belomorian Mobile Belt, eastern Baltic Shield
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Abstract

U–Pb isotopic dating has been carried out on titanites and rutiles from the Karelian Protocraton, the Belomorian
Mobile Belt and the intervening junction zone. These are some of the principal Archaean crustal units in the Baltic
Shield which have undergone regeneration to various degrees during the Palaeoproterozoic. Palaeoproterozoic
resetting of U–Pb titanite ages was complete in the Belomorian Belt and almost complete in the junction zone, while
it hardly affected the Karelian Protocraton. In the latter, major crustal cooling occurred at 2.71–2.69 Ga after a
major igneous event at 2.74–2.72 Ga, but a tectonothermal event at 2.65–2.64 Ga was less comprehensive. In the
Belomorian Belt, a northeastern marginal zone immediately underlying the collisional-thrusting suture of the
Lapland-Kola orogen has somewhat higher titanite ages of ca. 1.94–1.87 Ga than the central zone where these ages
range between 1.87 and 1.82 Ga. Comparison between the titanite and rutile U–Pb ages suggests a postorogenic
cooling rate between 2 and 4°/Ma in these parts of the Belt. The Neoarchaean junction zone between the Karelian
and Belomorian provinces was a zone of particularly intense tectonic, magmatic and hydrothermal activity during or
after the Palaeoproterozoic Lapland-Kola orogeny. Dominant, newly grown titanites in that zone have ages as young
as 1.78–1.75 Ga, and the age differences between the titanite and rutile U–Pb ages are substantially smaller than
elsewhere. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: U–Pb dating; Titanite; Rutile; Palaeoproterozoic; Eastern Baltic Shield

www.elsevier.com/locate/precamres

1. Introduction

Since the fundamental work of Dodson (1973,
1979) on the closure temperatures of isotopic
systems in minerals, these parameters have been
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used widely to decipher the tectonothermal his-
tory of the crust. Many of the problems of Alpine
geodynamics have thus been solved employing the
K–Ar and Rb–Sr isotope systems in various min-
erals. These have closure temperatures somewhat
below 500°C.

Among other accessory minerals common in
igneous and metamorphic rocks, titanite has clo-
sure temperatures of its U–Pb isotope system
substantially above 500°C. It has been success-
fully used in the study of tectonothermal pro-
cesses (e.g. Corfu, 1996; Tucker et al., 1987). The
titanite closure temperatures have been estimated
both by petrological (Mezger et al., 1991; Scott
and St-Onge, 1995; Pidgeon et al., 1996; Zhang
and Schaerer, 1996) and experimental means
(Cherniak, 1993). At present there is general
agreement that they are ca. 650–700°C for titanite
crystals with radii of approximately 300 mm at
cooling rates around 2°C/Ma.

Much lower are the closure temperatures of the
U–Pb isotope systems in rutile, which is yet an-
other accessory mineral currently employed in age
determination; temperatures have been estimated
at ca. 450°C (Mezger et al., 1989).

In Precambrian geology, knowledge of the clo-
sure temperatures of the titanite and rutile
geochronometers has been applied to reconstruct
the pressure–temperature (‘P–T–t paths’) evolu-
tion of high-grade polymetamorphic terrains (e.g.
Mezger et al., 1989, 1991; Verts and Chamberlain,
1996). Because newly grown grains of titanite are
common in shear zones, that mineral has also
been used to date timing of deformation (e.g.
Gromet, 1991; Resor et al., 1996),

Our approach in the present investigation of
the U–Pb ages of titanites and rutiles is princi-
pally to compare the Palaeoproterozoic tec-
tonothermal evolutions of the Karelian
Protocraton and the adjacent high-grade Belomo-
rian Mobile Belt. These are two of the major
provinces of Archaean crust in the Baltic Shield.

An equally important feature is the intervening
junction zone whose nature and significance have
long been controversial. Some authors (e.g.
Volodichev, 1990) have suggested that the Kare-
lian-Belomorian junction is a fault zone along
which a continuation of the lower crust of the

present Karelian domain had been uplifted and
later exposed in the shape of the Belomorian Belt.
Gaál and Gorbatschev (1987), however, proposed
a fundamentally different interpretation, conclud-
ing from lithological and structural evidence that
the Belomorian Belt is an autonomous, late Ar-
chaean assemblage of orogenic terranes that had
been formed outboards of and partly thrusted
over the margin of the Karelian Protocraton.
Subsequently, the Neoarchaean junction was reac-
tivated in the Palaeoproterozoic.

The particulars of the Palaeoproterozoic devel-
opment are still debatable. During that period,
the Karelian-Belomorian border zone had first
been a site of rifting in the Archaean crust (e.g.
Kratz, 1978; Gaál and Gorbatschev, 1987; Ry-
bakov, 1987), and later a Palaeoproterozoic front
of renewed thrusting toward the southwest (Miller
and Mil’kevich, 1995; Miller, 1997).

2. Geological background

The Archaean domain of the Baltic Shield com-
prises the Kola, Karelian and, Belomorian
provinces. Several rift systems developed during
the extension and break-up of Archaean crust
between 2.5 and 2.0 Ga and intervene between
these crustal units. During the later
Palaeoproterozoic, ca. 1.95–1.8 Ga, the fragments
of previously dispersed Archaean crust were
partly reassembled which resulted in the forma-
tion of the Lapland-Kola collisional orogen (e.g.
Bridgwater et al., 1992). The trace of the colli-
sional suture has been assumed to follow the
Lapland Granulite Belt through Norway, Finland
and Russia, and farther southeast the Kolvitsa
and Umba granulite terranes situated immediately
to the north of the northwestern bay of the White
Sea (Fig. 1, cf. Balagansky et al., 1998). In Rus-
sian literature, that suture is referred to as the
‘Main Lapland, or Belomorian Suture (also
Thrust)’.

In the northeastern part of the Lapland-Kola
orogen, in the Kola Peninsula, the various com-
ponent terranes only partly preserve their pri-
mary, Neoarchaean relationships (e.g. Bridgwater
et al., 1992; Glebovitsky, 1993; Timmerman and
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Fig. 1. Sketch map of the eastern Baltic Shield showing the sampling sites of the dated titanites and rutiles, and their U–Pb ages:
(1) Palaeoproterozoic sedimentary and volcanic formations of the Karelian Protocraton (2.5–1.9 Ga); (2–5): the Lapland-Kola
Palaeoproterozoic nappe system (Miller and Mil’kevich, 1995): (2) Lapland, (3) Korvatundra, (4) Rikolatvi, (5) Central Kola; (6)
intrusive charnockites of the Topozero type ( ca. 2.45–2.40 Ga); (7) layered peridotite-gabbronorite intrusions of (ca. 2.45–2.40) Ga
age; (8–10): Neoarchaean complexes of the Belomorian Mobile Belt: (8) the system of North-Karelian greenstone belts, 9 the Chupa
paragneiss belt, (10) undivided rock complexes; (11–13): Archaean complexes of the Karelian Protocraton: (11) Neoarchaean
greenstone belts, (12) the Tavayarvi TTG -complex of ca. 2.72 Ga age, (13) undivided rock complexes; (14) the Palaeoproterozoic
thrusts delimiting the Lapland-Kola nappes; (15) the boundary between the Belomorian Mobile belt and the Karelian Protocraton
according to structural and metamorphic criteria; (16) sampling sites for titanites (ages in Ma); (17) sampling sites for rutiles (ages
in Ma). The numbering of the localities corresponds to that in Table 1 and Table 2. The inset shows the position of the studied area
in the eastern Baltic Shield. The letter symbols are: (C) Caledonides; M, Murmansk subprovince; BMB, Belomorian Mobile Belt;
KP, Karelian Protocraton; SD, Svecofennian Domain. The Lapland Granulite Belt is stipled, early Palaeoproterozoic rifts are marked
in black.
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Daly, 1995; Mitrofanov, 1995; Mints et al., 1996).
In the southwest in contrast, the Archaean Kare-
lian province is a coherent, typical granite-gneiss-
greenstone terrain that comprises crustal
components as old as 3.4–3.5 Ga (e.g. Puchtel et
al., 1991). There are three generations of green-
stone belts formed between 3.2 and 2.7 Ga ago.
Some of these are intracratonic while others out-
line the margins of the Karelian province. Many
of the former are highly discordant in the rela-
tionship to the borders of the Karelian Protocra-
ton and probably have rift- (e.g. Gaál and
Gorbatschev, 1987; Lobach-Zhuchenko et al.,
1993b) as well as back-arc (Taipale, 1983) origins,
while some of the marginal belts trend parallel to
the protocraton boundaries and may rather be
vestiges of Neoarchaean accretionary tectonics (
e.g. Sokolov and Heiskanen, 1985; also Puchtel et
al., 1998).

The large Tavayarvi TTG (tonalite-trond-
hjemite-granodiorite) and granite pluton (Fig. 1)
as well as the similar Notozero pluton appear to
be parts of a relatively late igneous belt that had
developed within the Karelian continental margin
ca. 2.74–2.72 Ga ago (cf. Lobach-Zhuchenko et
al., 1995; Bibikova et al., 1997).

In the earliest Palaeoproterozoic, at ca. 2.5–2.0
Ga the Archaean crust of the Karelian Protocra-
ton was rifted and penetrated by dyke swarms as
described e.g. by Gorbatschev et al., 1987; Vuollo
et al. (1994). Sizable intracontinental volcanogenic
and sedimentary, so-called ‘Karelian’ rift-and-
basin structures were also developed. At ca. 2.0–
1.9 Ga, the Svecofennian orogeny was initiated,
and the Palaeoproterozoic crust to the west of the
Karelian Protocraton was created (cf. Gaál and
Gorbatschev, 1987).

During the last decade, numerous isotope-
geochronological and petrological studies (e.g.
Bogdanova and Bibikova, 1993; Bibikova et al.,
1993; Timmerman and Daly, 1995; Bibikova et
al., 1996, 1999) have confirmed the original inter-
pretation of Gaál and Gorbatschev (1987), cf.
above) that the Belomorian Mobile Belt is an
independent Neoarchaean orogen reactivated in
the Palaeoproterozoic. It was first developed dur-
ing the subduction of oceanic crust towards and

beneath the Karelian Protocraton between ca. 2.9
and 2.7 Ga ago.

Due to the two Neoarchaean and
Palaeoproterozoic collisional orogenies considered
above, the Belomorian Belt represents lower-
crustal sections of both the Neoarchaean and the
Palaeoproterozoic crusts. Its major Neoarchaean
structure is regarded as a collisional allochton
(Miller and Mil’kevich, 1995) developed ca. 2.74–
2.70 Ga ago (Bibikova et al., 1999). During the
following earliest Palaeoproterozoic interorogenic
rifting period, already mentioned above in con-
nection with the Karelian Protocraton, the Belo-
morian Belt was also partly reworked. It became
affected rather thoroughly by bimodal, domi-
nantly ultramafic-mafic but subordinately also
granitic magmatism, here even accompanied by
high-grade metamorphism and penetrative defor-
mation (Bridgwater et al., 1994; Bogdanova, 1996;
Balagansky et al., 1998).

During and after the Palaeoproterozoic Lap-
land-Kola collisional orogeny, which was approx-
imately coeval with the Svecofennian orogeny
farther west, the Belomorian Mobile Belt was
involved once more in strong deformation and
anatectic melting of the crust. The latter is
demonstrated particularly well by the widespread
occurrence of ca. 1.80–1.75 Ga pegmatites (e.g.
Tugarinov and Bibikova, 1980). Recurrent
Palaeoproterozoic high-grade metamorphism and
folding were common all along the Belt. Granite-
gneiss domes sometimes overfolded recumbently
toward the southwest, occupy a wide zone in the
southwestern foreland of the Lapland-Kola colli-
sional suture, also occurring within the Belomo-
rian Belt (cf. Miller and Mil’kevich, 1995; Miller,
1997).

The 30–50 km wide junction zone between the
Karelian Craton and the Belomorian Belt is
marked by a chain of greenstone belts including
the Hizovaara, Keret’ and Tikshozero (e.g.
Kozhevnikov, 1992). These appear to outline a
Neoarchaean collisional front (cf. Miller and
Mil’kevich, 1995), but they have been previously
referred to the Karelian province. Stepanov and
Slabunov (1989) however, related that chain to
the Belomorian Belt, finding no substantial differ-
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ences between the named belts and rock com-
plexes common in the latter. That inference was
subsequently substantiated by geochemical and
isotope-geological study (Bibikova et al., 1999).

The Karelian-Belomorian junction zone, which
was originally named either the ‘Belomorian-
Karelian Deep Fault’ (Shurkin, 1974) or the ‘East
Karelian Mobile-Penetrative Zone’ (Kratz, 1978)
comprises Archaean as well as Palaeoproterozoic
lithological and structural rock complexes. It out-
lines the northern and northeastern boundaries of
the Karelian Protocraton. All these rock com-
plexes have undergone strong folding, shearing
and mylonitisation, including the seemingly
anorogenic, rift- and fault-related intrusions of
2.45–2.40 Ga charnockites and riftogenic, earliest
Palaeoproterozoic volcanic and sedimentary
trough fillings (Shurkin, 1974; Kratz, 1978). Nu-
merous late Palaeoproterozoic mafic, ultramafic
and alkaline intrusions also mark the junction
zone.

3. Titanite and rutile thermochronometry

To assess the differences between the
Palaeoproterozoic tectonothermal evolutions in
the Karelian Protocraton and the Belomorian
Belt, we studied the U–Pb isotope systems in
more than 50 titanite and 15 rutile samples. The
sampling principally followed two profiles. The
first of these crosses the Belomorian and Karelian
provinces from the west to the east, while the
second follows the Belomorian Belt from the
north to the south. The locations of the sampling
sites and the average U–Pb ages of the titanites
and rutiles are indicated in Fig. 1. In addition,
representative data are presented in Table 1 and
Table 2, and the same data illustrated graphically
in Fig. 2 and Fig. 3.

4. Analytical procedure

The U–Pb analyses were carried out at the
Laboratory of Isotope Geology of the Swedish
Museum of Natural History, Stockholm. A con-
ventional technique (Krogh, 1973) employing

mixed spike (205Pb plus235 and 233U) was employed.
Additional purifications of lead in 1-N HBr and
uranium in 7-N HNO3 were done during the
column procedure. The isotope measurements
were performed on a Finnigan MAT 261 mass-
spectrometer. The errors of the U–Pb isotope
ratios were in the range of 0.5–2.0%. They de-
pend highly on the amounts of common lead in
the minerals, which occasionally were particularly
high in the titanites. Radiogenic lead is normally
well retained in the crystal lattice of titanite and
the U–Pb isotopic data obtained on that mineral
are therefore usually much more concordant than
those from the zircons. However, the capacity of
Pb to substitute Ca in the structure of titanite
(Ca+2=1.12A, , Pb+2=1.29A, ) can lead to high
concentrations of common lead, which makes the
obtained ages less precise. The isotopic composi-
tion of lead in rutiles is usually highly radiogenic
and the U–Pb ages concordant. Common-lead
correction was made according to Stacey and
Kramers (1975).

5. Results

5.1. The Karelian Protocraton

As can be seen from the data presented in
Table 1 (Samples 1 through 11), all the analysed
titanites from the Karelian Protocraton, both
those from the metavolcanic and those from the
TTG-type plutonic rocks, have Neoarchaean ages
between 2.87 and 2.65 Ga. In that crustal domain,
the titanite ages are generally somewhat lower
than those determined from the zircons in the
same rocks. The differences between the upper-in-
tercept zircon- and the concordant titanite ages
are evident from Table 1 and are also presented
graphically in Fig. 2a and b. They are substan-
tially higher in the volcanic than in the plutonic
rocks, amounting to ca. 100 Ma in the dacites of
the Kostomuksha Belt (Fig. 1 and Sample 2 in
Table 1) and ca. 70 Ma in the dacites of the
Semch belt (Sample 1 in Table 1, and Fig. 2a).
This, however, mostly only reflects the circum-
stance that the investigated plutonics are substan-
tially younger than the studied volcanics.
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U–Pb isotope data for titanites from the Eastern Baltic Shielda

MeanLocalityN Atomic ratios and ages 92s, MaConcentration ZirconRock type, Reference
age206Pb/204Pbin ppmtitanite color

206Pb/238U 207Pb/235U 207Pb/206Pb MaU Pb

The Karelian Protocraton
Semch 250 0.5664, 2890 16.066, 2880 287293.0 2935 Bibikova, 1989Metadacite 56.01 45.0

2 387Metaandesite, 0.5184, 2693 13.145, 2690 268896.3 2800 Puchtel et al., 1998Kostomuksha 32.0 17.8
dark

230 0.5173, 2688 13.138, 2690 269195.3 280028.6 Puchtel et al., 1998Shurlovaara3 Metaryolite, 16.3
dark
Quartz diorite, 30.0 398 0.5185, 2692 13.213, 2695 269792.0 2725 Bibikova et al., 1997Tavayarvi4 53.0
dark

27.8 400 0.5231, 2712 13.310, 2702 269492.2 27255 Bibikova et al., 1997Quartz diorite,the same 48.6
darksample

6.3 3.2 100 0.5031, 2627 12.396, 2635 2640960 2725 Bibikova et al., 1997the same Quartz diorite,6
lightsample

Tavayarvi 0.5190, 2695 13.135, 2689 268593.07 272568.4 Bibikova et al., 1997Quartz diorite, 39037.7
dark

0.5227, 2711 13.424, 2710 270992.0 27408 Bibikova, 1989Ondozero Diorite, dark 41.8 39.3 466
95 0.5088, 2652 12.606, 2651 265097.5 (2700)8.814.49 Voynitza Amphibolite,

light
252 0.4240, 2280 10.411, 2472 263593.0 (2700)10 Metadiorite,Okhtonyarvi 63.5 32.8

dark
860 0.5175, 2689 13.084, 2686 268392.0 (2700)203.8 171.011 Metadiorite,Sofporog

dark
143.1Metatonalite, 2090 0.4670, 2470 11.385, 2555 262393.0 (2700)Kizerka 200.612

dark
590 0.5170, 2687 13.105, 2687 268892.5 (2700)38.4Metadiorite, 21.113 Kizerka

dark
6.3Andesitic 169 0.3245, 1812 4.964, 1813 181599.0 (2400)Kizerka 19.614

basalt, light

The junction zone
292 0.3065, 1724 6.209, 2005 231093.0 (2800)15.9Hizovaara 28.015 Metatonalite,

dark
8.1Metatonalite, 2.5 123 0.3113, 1747 4.636, 1756 1766911.0 (2800)the same16

sample light
35.4 0.3828, 2009 7.039, 2.116 2143915 (2700)17 Charnockite,N Topozero 68.3 40.0

dark
369 0.3158, 1769 4.740, 1774 178093.0 (2400)27.0 Tugarinov and Bibikova, 1980Topozero 8.418 Charnockite,

light
Ryabovaara 103 0.3150, 1765 5.923, 1965 2180940.0 (2700)Gneiss, light 13.619 5.3
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Table 1 (Continued)

ConcentrationLocality Atomic ratios and ages 92s, Ma Zircon ReferenceN Rock type, Mean
206Pb/204Pb agein ppmtitanite color

206Pb/238U 207Pb/235U 207Pb/206Pb MaU Pb

76.1 0.3114, 1748 7.652, 1759 17729286.6 (2700)20 Lake Pon’goma 2.3Amphibolite,
Light
Metatonalite, 10.1 360 0.3191, 1785 4.792, 1783 1781914.0 2800 Bibikova et al., 1999Keret’21 31.6
Dark

2.6Metaandesite, 54.3 0.3190, 1785 4.772, 1778 1774930.0 2870 Bibikova et al., 1999Keret’ 7.522
Light

245 0.3160, 1770 4.751, 1776 1783921.0 (2430)25.9 8.123 Gabbro-norite,Keret’
Light

24 Lukkulaisvaara Gabbro Data from Amelin et al., 1995 1750
Tsipiringa 176025 Data from Amelin et al., 1995Gabbro

The Belomorian Mobile Belt
640 0.3462, 1916 5.565, 1911 190592.5 192517.9 Bibikova et al., 1993Amphibolite,26 Tana belt 36.4

Dark
.52Amphibolite, 123 0.3489, 1929 5.672, 1927 1925945.0 (2800)Rikolatvi 1.1527

light
1.31 .42 76.5 0.3278, 1828 5.063, 1830 1833975 2400 Balagansky et al., 1998ShearedKochin28

gabbro, light
37.1 1234 0.3378, 1876 5.343, 1876 187694.063.6 2440Garnet Bogdanova and Bibikova, 1993Tolstik29

amphibolite,
dark

30–32 Metadiorite,Tupaya Bay Data from Skiöld et al., 1997 1840, 1850
K-granites

1870Data from Skiöld et al., 1997TonaliteLyagkomina33
530 0.3321, 184934 5.189, 1851Tonalitic gneiss, 185393.0 (2700)Chupa 58.5 20.8

dark
0.3298, 1837 5.108, 1837 183794.5 (2700)77.4Chupa 52035 236.6Al-gneiss, dark

51.8Tonalitic gneiss, 1063 0.3305, 1841 5.136, 1842 184492.2 (2700)Loukhi 160.636
dark

27037 0.3249, 1814Granitic gneiss, 4.971, 1814 181599.0 (2700)Loukhi 19.8 6.3
light

0.3380, 1879 5.355, 1878 1877914 28002.1 Bibikova et al., 1999Diorite, light 6.00 9738 Kartash
Kuyvikanda 725 0.3523, 1946 6.250, 2011 200092.0 (2700)Tonalite, dark 51.239 18.3

130 0.3529, 1949 5.729, 1936 1922942 288040 Bibikova et al., 1999Amphibolite,Vorochistoe 1.0 .44
light

374 0.3345, 1860 5.271, 1864 186996.1 (2700)98.0Amphibolite, 38,941 Mramorniy
dark

1940Gabbro-norite42 Data from Kudryashov et al., 1999Zhemchuzhnaya

a Ages in brackets are tentative.
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Table 2
U–Pb isotope data for rutiles from the Belomorian belt, Eastern Baltic Shield

Mean Atomic ratios and ages 92s, Ma Titanite age MaLocality, the locality Rock type Concentrations
206Pb/204Pbnumbers are as for the in ppm

titanite sampling
207Pb/235U 207Pb/206Pb206Pb/238UU RatioPb

Metatonalite 0.3111, 1746 4.575, 1745 174394.4 177014.8 4.6515 Hizovaara 1120
737 0.3094, 1738 4.533, 1737 173693.6 178023 Keret’ Gabbro-norite 10.1 3.28

33 Lyagkomina 1750–1780Data from Skiöld et al., 1997, 1870Al-gneiss and
(4 analyses)metatonalite
1740–1760Data from Skiöld et al., 1997, 1850Metagabbro and31 Tupaya Bay
(4 analyses)Al-gneiss

4.957, 1812 180893.534 Chupa 1850Al-gneiss 18.9 6.1 1660 0.3253, 1816
4.941, 1809 181092.0 19200.3239, 1809Amphibolite 85.640 Vorochistoe 378027.9
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From the quartz diorites of the Tavayarvi plu-
ton, two generations of titanite have been
analysed. One of these is most likely igneous and
forms inclusions in hornblende, while the other,
which is much lighter in colour, occurs in the
matrix between the large crystals of plagioclase
and hornblende. The latter type has extremely low
contents of uranium. As indicated in Table 1
(Samples 4 through 6), the age difference between
these two generations of titanite is ca. 60 Ma. The
Concordia upper-intercept age of the zircons from
the Tavayarvi quartz diorite is 2725 Ma (Bibikova

et al., 1997), while the age of the titanites of the
igneous-looking generation is ca. 2700 Ma. Simi-
lar age differences of ca. 25–30 Ma between
igneous zircons and similarly igneous titanites
also characterize the Ondozero diorite (Sample 8
in Table 1).

5.2. The Belomorian Mobile Belt

Solely Palaeoproterozoic but somewhat vari-
able ages have been yielded by the dominantly
metamorphic titanites of the Belomorian Belt.

Fig. 2. Concordia diagrams for zircons and titanites from various rocks of the eastern Baltic Shield. The titanite ages obtained in
the present study derived from: (a) the Semch dacite (Karelian Protocraton), with zircon data by Bibikova (1989)(b) the Tavayarvi
quartz diorite (Karelian Protocraton),with zircon data by Bibikova et al. (1997)(c) the Vorochistoe dacite (Belomorian Belt), with
zircon data by Bibikova et al. (1999)(d) the Tupaya Bay K-granite (Belomorian Belt) with zircon data by Lobach-Zhuchenko et al.
(1993a).
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Fig. 3. Concordia diagrams for titanites and rutiles from various rocks in the Belomorian Mobile Belt and the junction zone between
the Belomorian and Karelian Provinces. The sample sources are: (a) Tupaya Bay Al-gneisses; (b) Vorochistoje dacite; (c) Hizovaara
tonalite.

Regardless of the ages of the host rocks, their
volcanic or plutonic origins, metamorphic prehisto-
ries and tectonic positions, these ages are all within
the time period between 2000 and 1815 Ma (Table
1 and Fig. 2c,d). Thus, for instance, in the Tupaya
Bay locality the titanites from Al-gneisses, with
zircon ages older than 2.8 Ga, from a ca. 2.7 Ga
old gabbro and from 2.45 Ga potassic granites, all
have virtually identical U–Pb ages of ca. 1.85 Ga.

5.3. The junction zone

In the junction zone between the Karelian Cra-
ton and the Belomorian Mobile Belt, a substantial
proportion of the titanite ages are discordant in the
sense of plotting between the ages of late
Palaeoproterozoic resetting and Archaean or earli-
est Palaeoproterozoic origins (Figs. 3 and 4). In a
2.8 Ga tonalite from the Hizovaara greenstone
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belt, two generations of titanite are present. An
older, magmatic one that coexists paragenetically
with igneous plagioclase and biotite has discor-
dant U–Pb ages between ca. 2300 and 1780 Ma
(Sample 15 in Table 1), while a younger low-ura-
nium generation associated with muscovite (Sam-
ple 16 in Table 1) has an almost concordant
U–Pb age of 1770 Ma. Discordant U–Pb ages
were also obtained for titanites from a sheared
gneiss (Sample 19 in Table 1) and a charnockite
(Sample 17 in Table 1).

5.4. Rutile ages

All the rutiles analysed in the present study
stem from the Belomorian Belt and its junction
zone with the Karelian Protocraton. Their ages
vary between 1810 and 1740 Ma (Table 2 and Fig.

3), and thus mostly are ca. 50–100 Ma younger
than those of the coexisting titanites.

6. Discussion

From the titanite U–Pb ages obtained in this
study (Table 1 and Table 2), it is obvious that the
conditions of Palaeoproterozoic metamorphism
were very different in the Karelian Protocraton
and the Belomorian Mobile Belt.

In the Protocraton, the titanite ages are late
Archaean, the only exception being a sample from
a mafic igneous rock which is itself Palaeoprotero-
zoic in age (Sample 14 in Table 1). From the
Belomorian Belt, in contrast, not one single Ar-
chaean age has been obtained, even though most
titanites analysed from that province were sam-
pled in late Archaean rocks comparable to those
in the Karelian Protocraton.

One of our principal findings is therefore that
the Belomorian Belt had undergone thorough
metamorphic reworking in the Palaeoproterozoic
under relatively high temperature conditions (cf.
Glebovitsky et al., 1996). Simultaneously, the
temperatures in the Karelian Protocraton only
occasionally exceeded the ca. 650°C required to
open the titanite U–Pb systems. Despite substan-
tial Palaeoproterozoic deformation and block
faulting also in Karelia, high temperatures at that
time appear to have been restricted to the immedi-
ate vicinity of late intrusions.

The junction zone between the Karelian Proto-
craton and the Belomorian Belt had its own,
specific metamorphic development marked by the
lowest titanite U–Pb ages in the entire region but
also by incomplete age resetting of old, inherited
titanites. Tectonic and/or hydrothermal processes
in that zone therefore appear to have continued
for a considerable time after the adjoining crustal
provinces both in the west and the east had come
to a relative rest.

As far as specific conditions within the principal
crustal provinces and rock units of the investi-
gated region are concerned, the following regular-
ities apply.

In the Karelian Protocraton, it is notable that
amongst the thirteen Archaean titanite ages

Fig. 4. General distribution of titanite ages in the region
extending across the boundary between the Karelian Protocra-
ton and the Belomorian Belt. The junction zone proper is
marked by the lowest titanite ages. These mostly derive from
titanites formed during late Palaeoproterozoic epizodes of
shearing and recrystallization.
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(Table 1) no less than eight plot within a relatively
narrow time interval between 2.71 and 2.69 Ga.
Since these titanite samples derive from six differ-
ent localities distributed across a sizeable area and
represent volcanic as well as plutonic rocks, their
U–Pb ages appear to describe a period of re-
gional crustal cooling when variously formed ig-
neous and metamorphic titanites crossed the
isotherms that marked the closure of their U–Pb
systems. The cooling at ca. 2.70 Ga followed upon
a series of igneous and metamorphic orogenic
events, amongst which the ca. 2.74–2.72 Ga TTG
Tavayarvi-Notozero magmatism has already been
referred to in the description of the regional geo-
logical background.

In some of the TTG-type plutonic rocks, two
different generations of titanite are seen under the
microscope and can be distinguished further from
their chemical compositions. The older titanite
comprises dark-coloured crystals which mostly
have moderate to high uranium contents and
modes of occurrence, suggesting igneous crystal-
lization. The younger generation, in contrast, is
lightly coloured, typically low in uranium and
appears largely to have grown within previously
solidified rock.

Two of the light, presumably metamorphic ti-
tanites poor in uranium (Samples 6 and 9 in Table
1) have yielded U–Pb ages of 2.64 and 2.65 Ga.
Together with two apparently igneous titanites of
2.64 and 2.62 Ga age (Samples 10 and 12), these
crystals appear to date a period of heating associ-
ated with magmatism. During that time, new
igneous and metamorphic titanites were formed,
but no general resetting of the ages of the older
titanite grains appears to have taken place. It is
interesting that the new dating of a final Archaean
tectonothermal event at ca. 2.65–2.62 Ga agrees
well with the field observations of Systra and
Semenov (1990), who found that the 2725 Ma
Tavayarvi quartz diorite had been deformed and
reheated during a tectonic episode before ca. 2.45
Ga.

Only one sample of titanite from the presently
considered part of the Karelian Protocraton has
yielded a U–Pb age older than 2.71 Ga (Sample 1
in Table 1). It remains unclear why that age had
not been reset, but from Fig. 1 it is evident that

the locality concerned is rather remote from the
other sites of sampling. Therefore resetting of
titanite U–Pb ages after the 2.74–2.72 orogenic
phase may not have affected all of the studied
area.

In the Belomorian Mobile belt, discordant iso-
topic plots showing incomplete resetting of older
titanite U–Pb ages are uncommon except in the
junction zone with the Karelian Protocraton. This
indicates comprehensive Palaeoproterozoic re-
heating to temperatures above ca. 650°C and
thorough metamorphic re-equilibration. Never-
theless, variation of the titanite ages across the
Belomorian Belt is quite marked. Three different,
somewhat indistinctly delimited age zones can be
distinguished.

As indicated in Fig. 1, the highest ages ranging
from ca. 1.88 to more than 1.90 Ga are encoun-
tered in a wide marginal zone outlining the large
Lapland-Kola collisional thrust-and-nappe system
that delimits the Lapland and Kolvitsa-Umba
granulite terranes toward the south and south-
west. Titanite U–Pb ages within the indicated
range are here represented by Samples
26, 27, 29, 38, 39, 40 and 42 (Table 1), the only
exception being Sample 28 which, however, has
very wide limits of uncertainty and may have been
affected by late shearing.

In the core part of the Belomorian Mobile Belt,
which is not separated sharply from the north-
eastern marginal zone either agewise or lithologi-
cally, the titanite U–Pb ages are rather well
concentrated to between 1.82 and 1.87 Ga, six of
the nine samples (Samples 30 through 37 and 41
in Table 1) plotting at 1.84–1.85 Ga with low
analytical errors. While some of the ages around
or above 1.90 Ga in the northeast (e.g. Sample 26
in Table 1) may be related directly or indirectly to
the formation of 1.94–1.91 Ga igneous mafic,
dioritic and anorthositic rocks (cf. e.g. Bernard-
Griffiths et al., 1984; Barling et al., 1997; Tuisku
and Huhma, 1999), others clearly derive from late
Archaean (2.7–2.8 Ga) or earliest Palaeoprotero-
zoic (ca. 2.45 Ga) lithologies (Table 1) and must
therefore be interpreted as reset ages or ages
marking metamorphic growth of titanite.

The zonation of titanite ages across the north-
eastern and central zones of the Belomorian Belt
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must therefore have been created by the Lapland-
Kola orogeny. Burial during that collisional event
began ca. 1.91 Ga ago and was succeeded by
uplift lasting past 1.87 Ga (Tuisku and Huhma,
1999).

Ages of cooling that are higher in the north-
eastern marginal zone of the Belomorian Belt
than in its central part agree well with the higher
tectonostratigraphic position of the former unit
immediately beneath the Lapland and Kolvitsa-
Umba allochthons. They also fit excellently with
observations of metamorphic inversion in the im-
mediate substratum of the Lapland Granulite Belt
(e.g. Barbey and Raith, 1990) implying that part
of the heat of metamorphism in that substratum
had been brought in by the hot granulite nappes
thrusted toward the southwest. Thus the heating
associated with metamorphism in the northeast-
ern marginal zone must have been a somewhat
earlier, shorter event than the heating associated
with deep burial in the central part of the Belomo-
rian Belt.

At first sight, the relatively low U–Pb ages
obtained from many of the titanites in the Kare-
lian-Belomorian junction zone appear to continue
the southwestwards-younging age zonation in the
northeastern and central parts of the Belomorian
Belt. However, a consideration of the characteris-
tics of the respective titanite populations cautions
against such extrapolation.

While most of the titanites in the main body of
the Belomorian Belt are well equilibrated and
age-reset originally igneous or metamorphic crys-
tals that describe a reheating-cooling history, the
titanites in the junction zone largely comprise
other types.

In contrast to the rest of the Belomorian Belt,
discordant, incompletely age-reset titanites are rel-
atively common (Samples 15, 17 and 19 in Table
1), while the dominant fraction, the one princi-
pally responsible for the 1.78–1.75 Ga ages, con-
sists of newly grown titanites. Most of these
(Samples 16, 20, 22, 24 and 25 in Table 1) have
characteristically low uranium (and lead) con-
tents, whereas a low proportion may represent
age-reset or recrystallized grains of igneous or
metamorphic derivations (Samples 21 and 23,
possibly also Sample 18).

This mineral set-up focuses attention on the
performance and role of newly grown titanites
specifically in shear zones and other structures
like the Karelian-Belomorian junction zone.

While low-temperature, diagenetically grown ti-
tanites have been known for many decades, recent
mineralogical and isotopic studies (e.g. Gromet,
1991; Resor et al., 1996) have particularly empha-
sized the growth of titanites in shear zones, where
the easy passage of hydrothermal fluids (Bancroft
et al., 1987; Pan et al., 1993; Frei et al., 1997) may
lead to both extensive growth of new and com-
plete recrystallization of older titanites. Under the
influence of carbonate fluids, loss of Ca has been
demonstrated as well as extensive removal of ura-
nium and already accumulated radiogenic lead
from older titanites. If the loss of radiogenic lead
is complete and/or the titanites have been newly
grown, U–Pb isotope analysis will date the pro-
cess of hydrothermal reworking and indirectly
that of the shearing. Ongoing experimental work
on titanites, employing fluids under conditions of
high pressure and temperatures, fully confirms the
conclusions drawn from field observations (E.
Bibikova, unpublished data).

Characteristically, the mean concentration of
uranium in the titanites from the Karelian-Belo-
morian junction zone is 12 ppm, whereas it is
much higher in the rest of the Belomorian Belt
(ca. 50 ppm) and higher still (about 80 ppm) in
the Karelian Protocraton.

Another line of evidence which stresses the
important role of newly grown, hydrothermal,
relatively low-temperature titanites expressly in
the Karelian-Belomorian junction zone is com-
parison between the titanite and rutile ages (Table
2 and Fig. 1). Even though these are relatively
few, there appears to be a tendency for the differ-
ence between the titanite and rutile ages to be ca.
50 Ma, practically less in the junction zone, and
ca. 50–100 Ma in the main body of the Belomo-
rian Belt (Table 1 and Table 2, Fig. 2 and Fig. 3).
Since the average closure temperatures of titanites
and rutile U–Pb isotope systems are ca. 650 and
ca. 450°C, respectively, the data from the main
part of the Belomorian Belt indicate slow cooling
rates between 2 and 4°C/Ma, while within the
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junction zone the titanite and rutile ages are more
similar indicating a close development of these
minerals.

From these data, it can be inferred that thermal
and hydrothermal reworking of the crust lasted
much longer in the junction zone than in its
surroundings. This gives the originally Neoar-
chaean suture the role of a specific zone of weak-
ness during and after the Palaeoproterozoic
Lapland-Kola orogeny. Intense late hydrother-
mal-fluid activity in the Karelian-Belomorian
junction zone conforms well with the abundant
occurrence of late Palaeoproterozoic pegmatites
in the Belomorian Belt, the presence in that zone
of kyanite-bearing metasomatites (e.g.
Kozhevnikov, 1992) and the association of that
zone with amphibolite-facies brecciation and my-
lonitization (e.g. Shurkin, 1974).

7. Conclusions

From the obtained data and their consideration
as reported in the above discussion, the following
principal conclusions are drawn:
1. Now exposed parts of the Archaean Karelian

Protocraton and the Belomorian Mobile Belt
were drastically different in their degrees of
Palaeoproterozoic tectonothermal reworking
related to the Lapland-Kola orogeny. In the
Belomorian Belt. temperatures above 650°C
prevailed throughout, and the titanite U–Pb
ages were reset almost totally, while the stud-
ied part of the Karelian province temperatures
above ca. 650°C were never reached except in
the vicinity of Palaeoproterozoic intrusions.

2. No information pertaining to the Archaean
development of the Belomorian Belt can be
obtained from the U–Pb titanite and rutile
data, but in the Karelian Protocraton a period
of general cooling past 650°C at 2.71–2.69 Ga
succeeded TTG-type magmatism at 2.74–2.72
Ga. A less comprehensive tectonothermal
event at ca. 2.65–2.64 Ga appears to have
been associated with some metamorphism and
igneous activity but did not lead to general
heating above 650°C.

3. In the Belomorian Belt, closure of the titanite
U–Pb isotope system at ca. 650°C occurred at
ca. 1.94–1.88 Ga in the northeastern marginal
zone and at 1.87–1.82 Ga in its central part.
This difference originated from the different
tectonostratigraphic positions (levels) of those
parts of the Belt during the syn-collisional and
post-collisional stages of the Lapland-Kola
orogeny.

4. The Karelian-Belomorian junction zone, the
boundary zone between two of the principal
Archaean crustal provinces of the Baltic Shield
created originally in the Neoarchaean, played
the role of a major zone of shearing and
magmatism in the late Palaeoproterozoic in
relation to the Lapland-Kola orogeny. In that
zone, titanite with ages as young as 1.78–1.75
Ga are dominant, but a fraction with discor-
dant ages caused by incomplete resetting is
also prominent. Extensive hydrothermal activ-
ity is here evidenced by abundant newly grown
titanite, loss of uranium and radiogenic lead,
as well as rutile and titanite ages less different
than in the Belomorian Belt and the Karelian
Protocraton outside the junction zone.
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Bibikova, E.V., Skiöld, T., Bogdanova, S.V., 1996. Age and
geodynamic aspects of the oldest rocks in the Precambrian
Belomorian Belt, Baltic Shield. In: Brewer, T. (Ed.), Pre-
cambrian crustal evolution in the North Atlantic Region,
vol. 112. Geological Society of London Special Publica-
tion, pp. 58–76.

Bibikova, E.V., Slabunov, A.I., Kirnozova, T.I., Makarov,
V.A., 1997. U–Pb geochronology and major-element
chemistry of a diorite-plagiogranite batholith in Northern
Karelia. Geochemistry International 11, 1154–1160.

Bibikova, E.V., Slabunov, A.I., Bogdanova, S.V., Skiöld, T.,
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Skiöld, T., Bibikova, E., Slabunov, A., Bogdanova, S., 1997.
The effect of Paleoproterozoic tectonothermal processes on
titanite and zircon ages from the Karelian-Belomorian
assemblage of the Baltic Shield. EUG 9 Abstract Supple-
ment. Terra Nova 9, 129–130.

Sokolov, V.A., Heiskanen, K.J., 1985. Evolution of Precam-
brian volcanogenic-sedimentary lithogenesis in the south-
eastern part of the Baltic Shield. Geol. Survey Finland.
Bull. 331, 91–106.

Stacey, J.S., Kramers, J.D., 1975. Approximation of terrestrial
lead isotope evolution by a two-stage model. Earth Planet
Sci. Lett. 26, 207–221.

Stepanov, V.S., Slabunov, A.I., 1989. Amphibolites and Early
Basite-Ultrabasites of the Precambrian in Northern Kare-
lia. Nauka, Leningrad, 176 pp. (in Russian).

Systra, Y.J., Semenov, A.S., 1990. Geological complexes and
tectonics on the western shores of Lake Pyaozero. In:
Stenar’, M.M., Stepanov, V.S., Shiptsova, N.I. (Eds.),
Precambrian of Northern Karelia. Karelian Science Cen-
tre, Petrozavodsk, pp. 7–29 in Russian.

Taipale, K., 1983. The geology and geochemistry of the Ar-
chaean Kuhmo greenstone-granite terrain in the Tipasjärvi
area, eastern Finland. Acta Univ. Oulu A 151, Geol. 5, 98.

Timmerman, M.J., Daly, J.S., 1995. Sm–Nd evidence for the
Late Archaean crust formation in the Lapland-Kola Mo-
bile belt, Kola Peninsula, Russia and Norway. Precam-
brian Res. 72, 97–107.

Tucker, R.D., et al., 1987. Uranium–lead zircon and titanite
ages from the northern portion of the Western Gneiss
region, south-central Norway. Earth Planet Sci. Lett. 96,
106–118.

Tugarinov, A.I., Bibikova, E.V., 1980. Geochronology of the
Baltic Shield by Zirconometry. Nauka, Moscow, 130 pp.
(in Russian).

Tuisku, P., Huhma, H., 1999. SIMS U–Pb dating of zircons
from migmatite khondalites and enderbites from Lapland
Granulite belt, Finland. J. Conf. Abs. 4, 710–711.

Zhang, L-Sh, Schaerer, U., 1996. Inherited Pb component in
magmatic titanite and their consequence for the interpreta-
tion of U–Pb ages. Earth Planet Sci. Lett. 38, 57–65.

Verts, L.A., Chamberlain, K.R., 1996. U–Pb sphene dating of
metamorphism: the importance of sphene growth in the
contact aureole of the Red Mountain pluton, Laramie
Mountains, Wyoming. Contrib. Mineral. Petrol., 657–677.

Volodichev, O.I., 1990. The Belomorian complex of Karelia:
Geology and Petrology. Leningrad: Nauka, 248 pp. (in
Russian).

Vuollo, J., Nykänen, V., Liipo, J., Piiranen, T., 1994. Mafic
dyke swarms from 2.44 Ga to 1.97 Ga in eastern
Fennoscandian Shield. In: Precambrian crustal evolution
in the North Atlantic regions. Abstracts, Terra Nova 6 (2),
21–22.

View publication statsView publication stats

https://www.researchgate.net/publication/229316475

