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Temporal and Hf isotope geochemical evolution
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Abstract

The southern Finnish Lapland area in the central part of the Fennoscandian shield is a
geologically complex zone comprising several Archean blocks and Paleoproterozoic
supracrustal belts all of which are intruded by voluminous Paleoproterozoic granites
(the central Lapland granitoid complex, CLGC). New in-situ single crystal zircon U-Pb
age determinations coupled with Lu-Hf isotope data from the same zircons were acquired
from five granitoid rocks and one amphibolitic rock sample from the southern Lapland
area. The samples represent at least four distinct magmatic events (at ca. 2.77 Ga, 2.12
Ga, 1.81 Ga, and 1.76 Ga). The 2.77 Ga and the 1.81-1.76 Ga events have initial Hf
isotope signatures implying that local Archean rocks represent the source for the younger
granites. The 2.12 Ga event has a slightly more juvenile Hf isotope composition suggesting
either that the source for the 2.12 Ga granites represents a different Archean block or
that the source is composed of mixed Archean and Paleoproterozoic components. The
Neoarchean source for the Paleoproterozoic granites may be traced through the CLGC
all the way to the Jokkmokk area in Sweden and possibly to the Lofoten area in Norway.
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1. Introduction

The isotopic composition of elements such as lead,
strontium, neodymium, and hafnium in granites
derived by partial melting of crustal rocks reflects
the composition and history of their source.

Radiogenic isotope data from granitic rocks and
their constituent minerals are therefore very useful
indicators of the deep crustal sources of anatectic
magma. Hf is a minor element in zircon, which is
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an abundant, robust and datable accessory mineral
in most granite intrusions. This makes the Lu—Hf
isotope system in zircon an important indicator for
granite petrogenesis and crustal evolution (e.g.
Hawkesworth & Kemp, 2006; Andersen et al., 2009;
Lauri et al., 2011).

Southern Finnish Lapland is a geologically
complex area, where several Archean complexes and
Paleoproterozoic supracrustal belts converge. The
area has been overprinted by voluminous granite
magmatism that obscures the pre-existing rocks and
structures. In this study, we present new age deter-
minations and Hf isotope data on six samples that
cover a billion years of geological history of
southern Finnish Lapland. Five of the samples re-
present different granitoid types of the study area
and one sample is an amphibolite. In situ Hf isoto-
pe geochemistry combined with U-Pb age determi-
nations from single crystal zircons allows us to see
through the granite-forming event to determine the
geological evolution of the area.

2.Geologic setting,
sampling and petrography

The margin of the exposed Archean Karelian craton
of the Fennoscandian shield lies in southern Lapland
(Fig. 1 inset). The early Paleoproterozoic supra-
crustal belts of Peripohja in the west and Kuusamo
in the east overlay the old basement, which probably
continues as a hidden crustal layer throughout
northern Finland and into northern Sweden and
Norway (see e.g., Mellgvist et al., 1999; Patison et
al., 2006; Wade, 1995). The area on the northern
side of the supracrustal belts hosts the Paleoprotero-
zoic central Lapland granite complex (CLGC),
which is geologically poorly known. Between the
Peripohja and Kuusamo belts the CLGC extends
south towards the Archean Pudasjirvi complex (Fig.
1). The Suomujirvi complex (Fig. 1) is an Archean
window or dome within the granite complex. It has
been interpreted to be a part of the Belomorian
province of the Fennoscandian shield (Evins et al.,
2002). In the north, the CLGC is delimited by the
Paleoproterozoic central Lapland greenstone belt.
Six samples were collected from the study area

(Fig. 1) for U-Pb age and Lu—Hf isotope analysis.
The samples were chosen to represent igneous rocks
with varying ages based on field mapping and
available published data (e.g., Evins et al., 2002;
Ahtonen et al., 2007).

Two samples were taken from the Suomujirvi

Complex. The sample 109.1/JER/09 is a fine to
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Fig. 1. Simplified geological map of the study area and
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Granite Complex, CLGB = Central Lapland greenstone belt,
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medium-grained, dark gray amphibolite with a weak
foliation (Fig. 2a). The major minerals are
hornblende and plagioclase. Accessory minerals
include magnetite, hematite, rutile, titanite, and
zircon. The amphibolite also contains mm-scale
silicic veinlets that consist of K-feldspar and quartz.
The veinlets are oriented parallel to the schistosity.
The amphibolite occurs as a dike or an inclusion
within tonalitic to granodioritic gneiss (sample
110.1/JER/09), which is light gray, coarse-grained
and shows a distinct gneissic fabric (Fig. 2b). Major
minerals in the tonalite are plagioclase + quartz +
biotite + K-feldspar (microcline). Accessory
magnetite occurs as visible crystals a few mm in

diameter. Zircon and pyrite also occur as accessory
minerals in the tonalite. The foliation in the rock is

defined by biotite. Quartz occurs as polycrystalline
aggregates 3-6 mm in diameter. The gneiss fabric
in the tonalite is cross-cut by silicic veins, which
vary in thickness from mm to cm scale.

Four samples were taken from the granites that
belong to the CLGC. The sample APSA-09-120 is
fine-grained, gray, homogeneous granite that is
surrounded by mica gneisses (Fig. 2c). No contact
relations were observed due to lack of outcrop, but
the granite was found in an area of several hundred
square meters. Major minerals in the sample are K-
feldspar + plagioclase + quartz + biotite. Rare larger
K-feldspar crystals (up to 1 cm in diameter) are found
in the otherwise equigranular granite. Accessory
minerals include magnetite, zircon, uranothorite,
uraninite, and allanite. Secondary sericite and

Fig. 2. Outcrop photos of (a)
amphibolite 109.1/JER/
09, (b) tonalite 110.1 /JER/
09, (c) granite APSA-09-
120, (d) granite LSL-09-67,
(e) granite LSL-09-69, (f)
granite LSL-09-68. Yellow
pen in photos a-d and f is
ca. 12 cm long. Photo e is
taken by J. Rasanen, all
other photos taken by L.S.
Lauri.
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epidote are also common and biotite is somewhat
chloritized. The sample LSL-09-69 is undeformed,
fine-grained, gray granite (Fig. 2¢) that resembles
sample APSA-09-120. Major minerals are K-
feldspar, quartz, plagioclase, and biotite. Accessory
minerals include magnetite, allanite, zircon, and
apatite. Secondary, fine-grained sericite and epidote
are found along the grain boundaries and inside
plagioclase crystals. The sample LSL-09-67 is a
heterogeneous, pink leucogranite, in which the grain
size varies from medium-grained to pegmatitic (Fig.
2d). The coarse-grained and pegmatitic types seem
to intrude the medium-grained parts. A dated
sample was taken from medium-grained granite.
The major minerals in the medium-grained granite
are K-feldspar, quartz, and plagioclase. Accessory
minerals include biotite, rutile (as inclusions in
biotite), uranothorite, zircon, and opaque minerals.
Sericite, chlorite, and clinozoisite occur as secondary
minerals. The sample LSL-09-68 is coarse-grained,
porphyritic, red granite (Fig. 2f). Major minerals
are K-feldspar (phenocrysts 1-2 ¢m in diameter) +
quartz + plagioclase + biotite. Accessory minerals
are magnetite, titanite, zircon, and allanite. Epidote
occurs as a secondary phase. An unpublished TIMS
U-Pb zircon age of ca. 1.79 Ga has been obtained
from a porphyritic granite pluton in the vicinity (J.
Risinen, unpublished data).

2.1. Zircon

Zircon in the amphibolite sample 109.1/JER/09
forms short-prismatic, euhedral crystals which are
bright and homogeneous in backscattered (BSE)
electron images. The crystals do not show internal

oscillatory zoning; BSE-dark rims and zones along LSL-09-68#01 LSL-09-68#21

Fig. 3. Electron backscatter images of zircon. Circles represent the positions of U-Pb (small) and Lu-Hf (large) ablation
spots. U-Pb was analysed first with low laser energy, leaving an ablation pit that was only ca. 10 lLm deep. The digits after
“#” refer to the number of analyses listed in Table 1. Numbers refer to ages in Ma and present-day Y®Hf/*"Hf. (a)
Internally homogeneous zircon crystal from the sample 109.1/JER/09. Note BSE dark zone along the rim, and minor,
irregular patches of altered zircon. (b) Fractured and altered zircon from the sample 109.1/JER/09. (c) Zircon crystal
from the sample 110.1/JER/09. An oscillatory zoned, Archean core has an irregular, BSE bright Proterozoic overgrowth.
(d) Oscillatory zoned zircon with an apparent core, and a thin and discontinuous BSE-bright overgrowth, the sample
110.1/JER/09. There is no significant age difference from the apparent core to the main, oscillatory zoned part. (e)
Euhedral zircon from the sample LSL-09-68. The central part of the crystal is homogeneous, whereas the rim shows
oscillatory, magmatic zoning. (f) Euhedral zircon (sample LSL-09-68) with a core showing slightly BSE-darker patches
(outline marked by a dashed line). The core has a Neoarchean age, whereas the rim is Paleoproterozoic.
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fractures represent altered portions of the crystals
(Fig. 3a, b). In the granitoid samples, crystal shapes
vary from short-prismatic to elongated, with variably
well-developed internal oscillatory zoning (Figs. 3¢c—
e). Some crystals show oscillatory zoned cores over-
grown by BSE-bright rims and embayments (Fig.
3¢, d). Distinctly xenocrystic cores are rare (Fig. 3f).

3. Analytical methods

U-Pb and Lu—HIf analyses were made on single
zircon crystals. Zircons were separated from crushed
whole rock samples at the Department of Geo-
sciences, University of Oslo by Wilfley table or gold
pan washing and Frantz magnetic separation. Zircon
grains selected by hand-picking were cast in epoxy
mounts and polished. The zircons were imaged by
backscattered electrons and cathodoluminescence
in a scanning electron microscope prior to analysis.
U-Pb and Lu-Hf isotope compositions were
analyzed by laser-ablation inductively coupled plas-
ma source mass spectrometry (LA-ICPMS) using a
Nu Plasma HR mass spectrometer and a NewWave
LUV213 laser microprobe at the Department of
Geosciences, University of Oslo. The analytical
protocol described in detail by Rosa et al. (2009)
was used for U-Pb geochronology of zircon. A
second-degree polynomial based on the three
standards GJ-1 (609+1 Ma; Jackson et al., 2004),
91500 (1065+1 Ma; Wiedenbeck et al., 1995) and
A382 (1877+2 Ma; H. Huhma, pers. comm.) was
used to transform observed signal ratios to isotope
ratios. U-Pb regressions were calculated using
Isoplot Ex 3.59 (Ludwig, 2003). The long-term (>
2 years) precision is <1 % for 2°Pb/**U and *"Pb/
206Ph (2 standard deviations, SD).

Protocols for Lu—Hf isotope analysis follow
Heinonen et al. (2010). The long-term value ob-
tained for the Temora-2 reference zircon at 0.282679
+ 61 (2 SD, n = 460) indicates an analytical un-
certainty of 2 epsilon units (TIMS-data: 0.282686
+ 0.000008; Woodhead & Hergt, 2005). The de-
cay constant of 7°Lu of Séderlund et al. (2004),
CHUR parameters of Bouvier et al. (2008) and
Depleted Mantle parameters of Griffin et al. (2000),
modified to the CHUR and A values were used.

4. U-Pb geochronology

Sample 109.1/JER/09. Of the ten single zircons
analyzed, eight were concordant within error at a
concordia age of 1793+19 Ma (Fig 4a, data from
Table 1). The two remaining analyses are discordant,
but with 2”Pb/**Pb ages indistinguishable from the
concordia age. The absence of oscillatory “magmatic”
(e.g. Corfu et al., 2003) zoning in these zircons
suggests that the 1793 Ma age reflects a meta-
morphic event, and thus the crystallization age of
the protolith of the amphibolite remains uncertain.

Sample 110.1/JER/09. Zircon from this sample
shows a significant variation in U-Pb characteristics,
with groups of concordant or near-concordant
analyses ranging from Archean to late Paleoprotero-
zoic in age (Fig. 4b). A group of eight single grains
are concordant at a concordia age of 2771+18 Ma,
which is interpreted as the crystallization age of the
tonalite. 14 discordant zircons give a weighted
average *YPb/*°Pb age of 279616 Ma,
indistinguishable from the concordia age. Two
analyses of BSE-bright overgrowths (Fig. 3¢) are
slightly reversely discordant at 1750-1800 Ma,
suggesting an event of secondary zircon growth in
the sample at an age comparable to the presumably
metamorphic age of 109.1/JER/09. The remaining
four analyses scatter along a discordia line from this
lower intercept to the Archean cluster.

Sample APSA-09-120. In APSA-09-120, nine
of 25 analyzed zircons are concordant at a concordia
age of 1761+8 Ma, which is interpreted as the
crystallization age for the granite (Fig. 4c). The
remaining zircons spread along a poorly defined
lead-loss line to an imprecise, Phanerozoic lower
intercept.

Sample LSL-09-69. Most zircons analyzed from
this sample plot along a well-defined lead-loss line
from an upper intercept at 1773+14 Ma to a
Phanerozoic lower intercept (Fig. 4f); three of the
zircons used to define the line are concordant at a
concordia age of 1761+16 Ma, which is considered
as the crystallization age for the granite. Two zircons
plot to the right of the lead-loss line, suggesting
inheritance from a Paleoproterozoic to late Archean
source.
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Sample LSL-09-67. In this sample, 12
concordant zircons yield a concordia age
of 1807+10 Ma, which is considered as
the crystallization age for the granite (Fig.
4d). The remaining 12 analyses are
discordant along a poorly defined lead-loss
line to a Phanerozoic lower intercept.

Sample LSL-09-68. This sample shows
a distinctive concordant cluster (n = 9) at
an early Paleoproterozoic age of 2118
+13 Ma, which is considered as the
crystallization age for the granite, and
evidence of inheritance of late Archean
(2695£13 Ma; Table 1, Fig. 3f) zircon
(Fig. 4¢). Discordant zircons in the sample
scatter around a poorly defined lead-loss
line to a Neoproterozoic or early
Phanerozoic lower intercept.

5. Lu-Hf isotopes

Present-day V°Hf/'Hf in the zircons
analyzed (Table 2) range from 0.28097 to
0.28148, at °Lu/""Hf < 0.004. 7°Yb/
7Hf ranges up to 0.2, but only 12 out of
108 single spot analyses show '7¢Yb/!”"Hf
above 0.1, i.e. outside of the range of
variation of the Temora-2 reference zircon
("7°Yb/'77Hf = 0.01 to 0.11; Andersen et
al., 2009). There is no correlation between
6Hf/"77Hf at the time of crystallization
and "7°Yb/'7Hf (Fig. 5a), suggesting that
the empirical correction for interfering
isotopes at mass 176 has not induced any
bias in the results (e.g. Andersen et al.
2009; Heinonen et al. 2010). At the low
176 u/"77"Hf observed for the zircons (7°Lu/
77Hf = 0.0002 to 0.004; Table 2), in-situ
radiogenic growth can account for no
more than ca. 20 % of the total observed
variation in present-day 7°Hf/"""Hf (Fig.
5b), the remainder of which must be due
to heterogeneous initial Hf isotope
composition of the zircons.

In Fig. 6, time-corrected 7*Hf/""Hf
of the individual zircon is plotted against
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Fig. 5. (a) The relationship between "¢Yb/Y"Hf and initial "°Hf/

177ny

Data from Table 2. There is no residual correlation in this

diagram, suggesting that the empirical correction for interference
at mass 176 from *®Yb has worked correctly (cf. Heinonen et al.,
2010). Error boxes show +2SE_ for the individual analyses. (b)
Present day "®Hf/1""Hf plotted against Y®Lu/*""Hf. The heavy lines
are reference isochrons at an age of 1.8 Ga with initial ®Hf/Y"Hf
of 0.2812 and 0.2814, respectively. Clearly, only part of the range
of variation in initial ®Hf/*"Hf can be accounted for by in-situ
radiogenic accumulation. Error boxes show +2SE_ for the individual
analyses.
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the corresponding 2’Pb/?*Pb age. Zircons from the
Archean sample 110.1/JER/09 generally plot above
the CHUR curve and within the range of variation
of zircon from the Pudasjirvi complex (Lauri et al.,
2011). The exceptions are three analyses from rims
of zoned grains plotting significantly below; at €, .<
—4. Four zircons with € , < —11 at 1.75-1.80 Ga are
probably Archean grains that have lost lead in a
Paleoproterozoic thermal event.

Most zircons from the Proterozoic samples plot
within a field delimited by parallel Hf isotope
growth lines starting from initial values of €, = +4
and -8 at 2.7 Ga with slope corresponding to 7°Lu/
77Hf = 0.015. This field overlaps with data for the
late Archean Pudasjirvi complex, and represents the
predicted total range of isotopic evolution lines for
Hf by in-situ radiogenic growth in average late
Archean crust of Pudasjirvi type (Lauri etal., 2011).

Since the slope of this trend is significantly less than
that of the CHUR reservoir curve, € will become
significantly more negative with time. All of the
zircons from the samples 109.1/JER/09 and LSL-
09-68, as well as the majority of zircons from APSA-
09-120, LSL-09-67 and LSL-09-69 fall within this
main trend, and also overlap completely in Hf
isotopes with the Nattanen-type granites of northern
Finland (Fig. 6, data for Nattanen from Patchett et
al., 1981). On the other hand, both the CLGC
zircons and those from Nattanen have significantly
less radiogenic Hf than the Revsund granite of
northern Sweden (Fig. 6, data for Revsund from
Vervoort & Patchett, 1996). The samples APSA-
09-120, LSL-09-67 and LSL-09-69 have a few
additional, less radiogenic zircons (€ < —15). The
ranges of variation in the samples 109.1/JER/09,
APSA-09-120, LSL-09-67 and LSL-09-69 are
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Fig. 6. Initial *®Hf/Y""Hf plotted at the 2°’Pb/2°°Pb age of the individual zircon, data from Table 1. Reference curves: CHUR:
Bouvier et al. (2008): Depleted mantle: Griffin et al. (2000) modified by Andersen et al. (2009) to match the CHUR

parameters used and a decay constant for *®Lu of 1.867-10"'a™. Thin lines parallel to the CHUR curve are constant €,

if

contours drawn at 2 epsilon units interval, from +8 to -8 (scale in right margin of the diagram). The two heavy, broken
lines are reference growth lines for crust with depleted mantle model age of 3.0 Ga and 3.5 Ga, corresponding to the
average evolution with time of the main crustal reservoirs of the Neoarchaean Pudasjarvi and the Mesoarchaean lisalmi
complexes, respectively (data from Lauri et al., 2011). The broad arrow outlined by a dash-dot line represents the overall
expected variation with time due to in-situ radiogenic growth of ®Hf in whole-rocks of the Pudasjarvi complex. Fields for
zircons from the Pudasjarvi, lisalmi and Siurua complexes are from Lauri et al. (2011), Nattanen-type granites, northern
Finland from Patchett et al. (1981) and Revsund granite, northern Sweden from Vervoort & Patchett (1996).
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almost completely overlapping (€. = —10 to —15 at
1.75-1.80 Ga). The main group of zircons in LSL-
09-68 is slightly more radiogenic and plots towards
the top of the main trend atg, = -2 to -8 at ca. 2.1
Ga. One zircon from this sample is an inherited
zircon plotting within the Pudasjirvi field. Two
inherited zircons from the sample LSL-09-69 also
plot within the main trend, but at early Paleo-
proterozoic ages.

6. Discussion

The evolution of the CLGC has been a largely
unknown phase in the geological history of the
Fennoscandian shield. The recognition of Archean
rocks within the complex (see Evins et al., 2002)
and age determinations of the Paleoproterozoic
granites (see also Lauerma, 1982; Huhma, 1986;
Viininen and Lehtonen, 2001; Ahtonen et al.,
2007) along with Hf isotope data allow us to discuss
the events that have affected the area since ca. 2.8
Ga.

The sample 110.1/JER/09 with an age of ca.
2.77 Ga represents the typical granodioritic to
tonalitic gneiss of the Suomujirvi complex. Evins
et al. (2002) describe this rock unit as “the 2810
Ma homogeneous Jumisko biotite tonalite—
granodiorite” that commonly contains mafic
inclusions, which Evins et al. (2002) also consider
as Archean in age. Our results indicate that the main
gneiss unit of the Suomujirvi complex is more
heterogeneous than previously presumed. The
zircon age obtained in this study for the amphibolite
inclusions is Proterozoic, although an Archean
crystallization age for the mafic protolith is fully
possible, since the zircons are most probably
metamorphic in origin. The Suomujirvi complex
was affected by the Paleoproterozoic CLGC event,
seen as the 1750-1800 Ma old zircons in both
samples in this study and the 1.77-1.78 Ga
monazite and titanite ages reported by Corfu &
Evins (2002).

The ca. 2.1 Ga age of the granite sample LSL-
09-68 is rare in the CLGC. Similar ages have been
obtained for three other granitoid intrusions in the

northern part of the CLGC (Huhma, 1986; Rastas

etal., 2001; Ahtonen et al., 2007), all of which are
situated at the margin of the CLGC and the central
Lapland greenstone belt, possibly forming a line of
intrusions with approximately similar ages (Fig. 7).
The central Lapland greenstone belt comprises
volcanic and sedimentary formations ranging in age
from ca. 2.4 Ga to <1.9 Ga (e.g., Lehtonen et al.,
1998; Rastas et al., 2001; Risinen & Huhma,
2001). Mafic magmatism with ages around 2.1 Ga
is common in all of the Paleoproterozoic supra-
crustal belts of the northern Fennoscandian shield
including the central Lapland greenstone belt (e.g.,
Perttunen & Vaasjoki, 2001; Risinen & Huhma,
2001). The 2.1 Ga granites are markedly older than
the majority of dated granites within the CLGC,
which mostly show ages between 1.81 and 1.76 Ga
(Fig. 7). It is possible that the 2.1 Ga old granite
intrusions may belong to the evolution of the
greenstone belt rather than to the CLGC and
represent some kind of island arc or continental
margin plutonism. Further age determinations and
geochemistry are needed in order to test this
hypothesis.

Our study area in the southern part of the
CLGC hosts several granite types that were discussed
by Airo & Ahtonen (1999). The older, ca. 1.81 Ga
Pernu-type granites represented by sample LSL-09-
67 are heterogeneous and migmatitic and commonly
occur as sub-horizontal sheets that intrude their host
rocks. The mode of occurrence resembles the
granites of the southern Finland granite belt (see
Kurhila, 2011 and references therein), which were
generated in a continental collision zone (e.g., Kuk-
konen & Lauri, 2009). The Pernu-type granites are
found in the southwestern corner of the study area
and they have not been found elsewhere within the
CLGC, which may be due to limited amount of
age data within the complex (Fig. 7). The younger,
ca. 1.79 Ga old granites in the study area were
grouped into the Jumisko-type by Airo & Ahtonen
(1999), who described them as medium to coarse-
grained, porphyritic, slightly deformed, red granites.
The Jumisko-type granites are found northeast of
the Pernu-type granites and the two types seem to
be separated by the Ailanka fracture zone (Airo,
1999) in the central part of the study area (Figs. 1
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Fig. 7. Geological map of the Central Lapland granite complex with published age determinations (edited from the Digital
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= Central Lapland greenstone belt, CLGC = Central Lapland granitoid complex, KB = Kuusamo belt, KC = Koilliskaira
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& 7). Our sample set did not include samples of
the Jumisko-type granites.

The samples APSA-09-120 and LSL-09-69
seem to represent a previously unrecognized granite
type within the CLGC. The gray, fine-grained, non-
foliated granite is found as small, irregular, dike-
like plutons on both sides of the Ailanka fracture

zone. The age of this magmatic phase is 1.77-1.76
Ga, which is approximately similar to the post-
orogenic Nattanen-type granites in northern
Lapland (Haapala etal., 1987; Heilimo et al., 2009),
and their zircons are similar in terms of initial Hf
isotope composition (Fig. 6). However, the gray,
fine-grained granite, which we call the Kellastentun-
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turi-type, differs from the Nattanen-type granites
both in the intrusion style and geochemistry (L.S.
Lauri, unpublished data). The Nattanen-type plutons
are geochemically I-type to A-type, large, concentric,
multiphase stocks that cross-cut their wall rocks
sharply and have intruded along crustal-scale faults
(Haapala et al., 1987; Heilimo et al., 2009). The
Kellastentunturi-type granites seem to be composed
of small volumes of locally generated granitic melts
that have intruded local structures and most
probably represent the last, post-kinematic phase
in the magmatic evolution of southern CLGC.

Granitic and alkaline magmatism with ages
around 1.8 Ga is widespread within the Fenno-
scandian shield. The 1.85-1.79 Ga late Sveco-
fennian leucogranites of southern Finland were
generated in the collisional zone between Fenno-
scandia and Sarmatia (e.g., Kukkonen & Lauri,
2009; Kurhila, 2011). Southern Finland also hosts
post-orogenic alkaline syenites, lamprophyres and
carbonatites that have ages between 1.80 Ga and
1.77 Ga (Eklund et al., 1998; Eklund & Shebanov,
2005). The situation in which both orogenic and
post-orogenic rocks show approximately similar ages
is common in both southern and northern Finland
(see Ahtonen et al., 2007). However, in southern
Finland the post-orogenic rocks with alkaline
affinity are clearly the last phase in the magmatic
succession whereas in Lapland the 1.79 Ga alkaline,
appinitic intrusions (Viininen, 2004; Ahtonen et
al., 2007) have intruded in the middle of an orogenic
granite event that continued for several tens of
millions years after the emplacement of appinites.
It thus seems that the nearly coeval granite
magmatism in southern and northern Finland
comprises two separate events in different tectonic
settings.

All samples analyzed in this study show initial
Hf isotope signatures compatible with an origin
from Archean crust similar to that of the Pudasjirvi
complex (Lauri et al. 2011), and with insignificant
contributions from mantle-derived material.
However, there are some differences that suggest
subtle variation in source composition: Zircon in
the sample LSL-09-68 (ca. 2.1 Ga) is marginally
more radiogenic than that in the other samples,

suggesting either a younger crustal source, or a
stronger, but still minor influence of mantle-derived
material. There is no evidence of influence from
crustal sources similar to the ca. 3.1-3.2 Ga Iisalmi
and Tojottamanselkid complexes (Patchett et al.,
1981; Lauri etal., 2011) in any of the rocks analyzed
for this study (Fig. 6).

Evins et al. (2002) interpreted the Suomujirvi
complex to be a part of the Belomorian province
based on both magmatic and metamorphic ages of
the complex (see also Corfu and Evins, 2002). Few
Hf isotope data have been published from the
Belomorian province, but the late Archean eclogites
analysed by Mints et al. (2010) show complete
overlap with both the present data from the
Suomujirvi complex and previously published data
from the Pudasjirvi complex (Lauri et al., 2011;
Fig. 6). Hf isotope data thus can neither confirm
nor reject the hypothesis by Evins et al. (2002) and
Corfu & Evins (2002) that the Suomujirvi complex
is associated to Belomoria rather than Karelia.

The westwards continuation of Neoarchean
crust of the type that has given rise to the CLGC
granitoids is not constrained by Hf isotope data due
to lack of analyses. However, whole-rock Sm-Nd
data on Paleoproterozoic granites suggest the
existence of unexposed crustal rocks of Neoarchean
age in the central part of the CLGC (Huhma, 1986;
Ahtonen et al., 2007), in the Luled-Jokkmokk area
of northern Sweden, ca. 250 km south of the exposed
Archean-Proterozoic boundary (Mellgvist et al.,
1999), and possibly all the way to the Lofoten
archipelago of northern Norway (Wade, 1985).

7. Conclusions

The border zone of Archean and Proterozoic rocks
at southern Finnish Lapland shows over one billion
years of geological history with granitoid-forming
events at ca. 2.8 Ga, 2.12 Ga, 1.81 Ga and 1.76
Ga. The first magmatic event mainly formed
granodiorites and tonalites of the Archean Suomu-
jirvi complex whereas the next three events were
characterized by granitic rocks. Mafic rocks are
found mainly within the Archean Suomujirvi
complex, but their age remains unresolved. The
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granitic rocks have been included in the ca. 1.8 Ga
central Lapland granitoid complex, which is more
heterogeneous in terms of age than previously
indicated. The 2.12 Ga granites are found at the
margin of the central Lapland greenstone belt in
the northern part of the study area and could be
related to its tectonic evolution. The 1.81 Ga Per-
nu-type granites seem to be limited to the Archean
Pudasjirvi complex on the SW side of the Ailanka
fracture zone. The 1.76 Ga Kellastentunturi-type
granites are found throughout the study area. All
Proterozoic granites in the study area show isotopic
evidence of a Neoarchean source that can be traced
throughout the central Lapland granitoid complex
to the Jokkmokk area in Sweden and possibly to
the Lofoten area in Norway.
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