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ower crustal garnet granulite xenoliths from be-

neath the Kola—Karelian domain of the Fennos-

candian Shield (Russia) were brought to the

surface in Devonian lamprophyre diatremes. To
establish the relationships between processes in the lower
crust and geological events recorded in the upper crust,
zircons from two of these xenoliths were dated by ion microp-
robe. One xenolith contains mainly primary magmatic zircon
grains that yielded an average age of 2.47 Ga. The Kola—
Karelia domain formed part of a large basaltic igneous
province in the earliest Proterozoic (c. 2.45 Ga); thus, such
xenoliths probably represent deep-seated equivalents of this
magmatism. A second garnet granulite xenolith contained
only internally featureless zircons. Most of these yielded
concordant ages between 1.77—1.61 Ga. This age distribution
indicates that at c. 1.7 Ga the protolith was migmatized
during an event that may be related to emplacement of
granites and pegmatites in the region. However, two zircon
grains in the second xenolith gave much younger ages of 1.47
and 1.45 Ga. This spread in the ages is related to an unknown
younger event around 1.4 Ga (or perhaps later) when the c.
1.7 Ga ’migmatite‘ zircons were reset to variable degrees.
These zircon ages are evidence for the complex evolution of
the lower crust, recording multiple events, some of which are
not currently expressed on the surface.

Keywords: Fennoscandian Shield, xenoliths, lower crust, zircon.

This paper attempts to determine the relationships between ages
recorded within the lower crust and major events known from the
upper crust of the Fennoscandian (Baltic) Shield (Fig. 1). In
order to clarify the age of events in the lower crust, garnet
granulite xenoliths from the Kola—Karelian domain (Kempton et
al. 1995, 2001) have been investigated. Following the method of
Rudnick & Williams (1987), Chen et al. (1994) and Holtté et al.

485

(2000), zircons have been separated from lower crustal xenoliths
and ages determined on individual crystals using an ion micro-
probe (NORDSIM) technique.

Nature of the lower crustal xenoliths. Granulite-facies xeno-
liths from a Devonian lamprophyric diatreme on Elovy Island off
the south coast of the Kola Peninsula (Russia) represent the
lower crust of the Kola—Karelian domain of the Fennoscandian
shield (Kempton et al. 1995; 2001). They are mostly mafic meta-
igneous garnet granulites in which crystallization occurred at
750-930 °C and 12—15 kbar, equivalent to depths of 30—50 km.
Previous age constraints on the xenoliths suggest that they are
Proterozoic, but the results are somewhat contradictory. Conven-
tional U-Pb dating of zircons from the xenoliths yielded
discordant results suggesting an age >1.72 Ga (Kempton et al.
1995). Internal Sm—Nd isochrons for clinopyroxenes and garnets
gave values of 1.5 Ga (Neymark et al. 1993), which Kempton et
al. (2001) interpreted to represent cooling through the Sm—Nd
blocking temperature for these minerals. Internal Pb—Pb whole
rock—mineral isochrons yielded ages of 2.4 and 1.8 Ga (Neymark
et al. 1993). Ar/Ar determinations of phlogopite from a strongly
metasomatized xenolith gave an age of 2.0-2.1 Ga (Kelley &
Wartho, 2000). Nd depleted mantle model ages for the xenoliths
are also commonly in the region of 2.4 Ga (Kempton et al.
2001).

Analytical techniques and results. For ion probe analyses, small pieces
of xenoliths were crushed in a shatter box, the crushed pieces were then
sieved using disposable sieve cloth and the heavy mineral fractions were
extracted using heavy liquids. Particular care was taken to avoid
contamination at all stages. Two samples (N39, N27-21) yielded zircons
that were handpicked from the concentrate, mounted in epoxy, polished
and coated with carbon for SEM study and with gold for SIMS analyses.
Back scattered electron images were obtained and inclusion phases
identified by JEOL Scanning Electron Microscope at the Geological
Survey of Finland (GTK). U-Pb analyses were run using the Nordic
SIMS (NORDSIM) Cameca IMS 1270 at the Swedish Museum of
Natural History, Stockholm. The spot-diameter for the 4 nA primary O,_
ion beam was ¢. 30 um, and oxygen flooding in the sample chamber was
used to increase the transmission of Pb. Zr, Pb, Th and U species were
measured in each spot. The mass resolution (M/DM) was 5400 (10%).
The raw data were calibrated against a zircon standard (91500) and
corrected for background (204.2) and modern common lead (7= 0;
Stacey & Kramers’ model). For a detailed description of the analytical
procedure, see Whitehouse e al. (1999). Zircon age determinations are
presented in Table 1.

Sample N39 is a medium-grained non-foliated feldspar-
rich garnet granulite composed of feldspars (84%), garnet +
kelyphite (10%), clinopyroxene (5%) and accessory phases
(Kempton et al. 1995). It yielded prismatic zircon grains or their
fragments in the size range of 50—100 pm. Most of them are
growth-zoned, magmatic-looking grains with no significant over-
growths or recrystallization. Unfortunately, the recovered zircons
were small relative to the beam size of the ion probe and so
details of the zoning could not be studied. Most of them yielded
concordant ages with an average of 2.47 Ga (Table 1; Fig. 2).
Two faintly zoned crystals (04a, 08a) gave slightly younger ages
of 2.41 Ga, indicative of partial resetting of some of the 2.47 Ga
grains. One large prismatic zircon grain gave an older (Archaean)
concordant age of 2.84 Ga.

In contrast, xenolith N27-21 has a gneissose texture with lenses
of clinopyroxene and garnet alternating with bands of plagioclase
and quartz. It has a more mafic bulk composition than N39 and
contains 30% garnet, 30% clinopyroxene and 30% feldspar,
together with minor quartz (5%) and accessories (Kempton et al.
1995). The zircons from N27-21 are also different from those of
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Fig. 1. Figurel. Sketch map of the Kola—Karelia domain of the
northeastern Fennoscandian Shield (after Kempton et al. 1995). Location
of Elovy Island (source of xenolith samples) is also shown.

N309, being slightly larger and more irregular in shape. They are
non-prismatic and completely devoid of any magmatic growth-
zonation, similar to the featureless zircons found in high-grade
metamorphic rocks. Therefore only one analysis was made from
each grain. Most of these grains yielded concordant ages within
the range 1.77-1.61 Ga while two grains gave much younger
207pb/2%Pb ages of 1.45 and 1.47 Ga (Table 1; Fig. 2).

Discussion. The oldest age found in the Kola xenoliths
(2.84 Ga) was obtained from a single zircon grain in N39. This
could represent a xenocryst derived from Archaean basement
rocks of the region. However, most of the ages of the zircons in
N39 are in the region of 2.47 Ga, i.e. early Palacoproterozoic. At
this time, the Kola—Karelian domain was dominated by eruptions
of rift-related low-Ti picrites and basalts (Puchtel er al. 1997;
Lobach-Zhuchenko et al. 1998). Mafic dyke swarms, large
layered basic—ultrabasic intrusions and gabbro—anorthosites were
also emplaced in the period 2.50-2.43 Ga (Alapieti et al. 1990;
Balashov et al. 1993; Amelin et al. 1995; Sharkov et al. 1997,
Balagansky et al. 2001). This magmatism formed part of a large
igneous province that occupied much of the northern Fennoscan-
dian Shield (Sharkov et al. 1999). This was the main episode of
mantle-derived magmatic activity within the area and Kempton
et al. (2001) suggested that the granulite xenoliths represent the
underplated lower crust of this Palaecoproterozoic large igneous
province. The new zircon age data strongly support this inter-
pretation. It is probable that much of the lower crust of the
Kola—Karelia region is formed of 2.4-2.5 Ga mafic granulites
that are the high-grade metamorphic equivalents of the magmatic
rocks seen in surface exposures.

H. DOWNES ET AL.

Table 1. lon probe zircon data, analysed at NORDSIM facility, Stockholm

Elemental data

Calibrated ratios

Derived ages

Zircon morphology,
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Degree of discordance is calculated at the closest 2s limit. All other errors are a 1s level.
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Fig. 2. U-Pb concordia diagrams for zircons from lower crustal garnet
granulite xenoliths from Kola Peninsula. Errors are plotted at 2 sigma.

Magmatic activity in the northern Fennoscandian Shield also
occurred between 2.2 and 2.0 Ga. This consisted of rift-related
picrite and basalt lavas, dyke swarms and large Ti-rich layered
intrusions (Sharkov & Smolkin 1997; Puchtel et al. 1998). In the
Pechenga—Varzuga volcanosedimentary belt, alkali basalts erup-
tions about 2.2 Ga in age gradually gave way to tholeiite pillow
lavas, Fe-picrite flows and Ti-rich basalts with ages around
1.98 Ga (Melezhik & Sturt 1994). This major event is not
recorded in the lower crustal zircons yet analysed, but Ar—Ar
analyses of phlogopite from a Kola granulite xenolith yielded an
age of metasomatism of ¢. 2.0 Ga (Kelley & Wartho 2000).

Late Palaeoproterozoic magmatic activity of the area ended
around 1.81-1.75 Ga, with intrusion of potassic granites, grano-
diorites and micaceous pegmatites. The lower crustal analogue of
these processes may have been anatexis of the granulites,
recognized within the xenoliths as felsic veins which contain
relics of the melanocratic matrix (Kempton et al. 1995). At this
stage, the internally featureless zircon grains of the gneissose
xenolith N27-21 were probably formed. Previous U-Pb dating of
zircons from another Kola granulite xenolith (Vetrin & Nemchin
1998) yielded similar ages of 1.71—1.82 Ga. The new zircon data
for N27-21 with ages of 1.77—1.61 Ga imply that this age was a

major episode of metamorphism and migmatization in the lower
crust. Rejuvenation of tectonic—magmatic processes in the Fen-
noscandian Shield occurred about 1.75 Ga ago, with small-scale
rifting and basaltic magmatism; lamproites and lamprophyres of
1.71-1.72 Ga age were intruded. Some of these events may also
be related to the 1.77—1.61 Ga ages recorded by xenolith N27-21.
The ages of N27-21 zircons are also very similar to those reported
from a lower crustal xenoliths and zircon xenocrysts recovered
from kimberlites of eastern Finland, 500 km SSW from the Kola
locality (Holttd et al. 2000;Peltonen & Manttiri 2001). This
suggests that the 1.7 Ga thermal event affected most of the lower
crust of the Fennoscandian shield and coincides with the age of
the Svekofennian granites emplaced further west. However, the
1.47—1.45 Ga ages of some zirc ons are anomalous and may
record an additional Mesoproterozoic thermal episode, which is
not recorded in the upper crust of the area.

In conclusion, zircons from lower crustal xenoliths in the
Kola—Karelia region record several distinct magmatic and meta-
morphic events. The first major episode was underplating of
basic magmas at 2.4-2.5 Ga, during a period of widespread
mantle-derived magmatic activity clearly observed in the surface
geology. A second event in the lower crust was migmatization at
c. 1.7 Ga, coincident with emplacement of granitic magmas in
the upper crust. A thermal disturbance in the lower crust at c.
1.4 Ga, however, has not yet been directly identified on the
surface, indicating that events in the lower crust are not
necessarily recorded in the upper crust. Conversely, a major
magmatic event at 2.0-2.2 Ga, widely recorded in the surface
geology, has also not yet been found in the zircon age distribu-
tion from the lower crust of the Kola region.

Discussions with Pamela Kempton, Andy Markwick, Valery Vetrin,
Svetlana Bogdanova, Victor Balagansky and many colleagues at the
annual SVEKALAPKO meetings, sponsored by the ESF EUROPROBE
project, have been very valuable. Comments by Alfred Kroner and
Fernando Corfu helped to focus our ideas. The work of PP and IM was
supported by grant 40553 from the Academy of Finland.
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