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bearing on the timing of Precambrian volcano-sedimentary
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Réséinen, J. & Huhma, H. 2001. U-Pb datings in the Sodankyl4 schist area,
central Finnish Lapland. Geological Survey of Finland, Special Paper 33,
153-188. 19 figures, 2 tables and one appendix.

The bedrock of the Sodankyld schist area consists mainly of Paleoproterozoic
volcanic and sedimentary rocks penetrated by mafic and felsic intrusives.
This paperreports c. 200 conventional U-Pb analyses mainly on zircon. A total
of 34 samples were studied from 12 mafic intrusions, 3 granitoids, 5
metavolcanic rocks and 4 metasediments. Many samples yielded discordant
and heterogeneous data, either due to inheritance or effects of metamorphism.

The age results obtained suggest that a supracrustal belt running on the
southwestern side of the Sodankyld schist area and continuing inside the
Central Lapland Granite Complex is late Archean in origin. Besides
amphibolites, it includes mainly different kinds of gneisses associated with
2775425 Ma old felsic volcanic rocks. The Proterozoic volcanic succession
starts with felsic extrusives, which have yielded an age of 2438+11 Ma and
seem to be coeval with the emplacement of the layered mafic intrusions which
indicate the break-up of the Archean continent at the beginning of the
Proterozoic eon.

The overlying volcano-sedimentary pile is penetrated by intrusive rocks
of various ages. The most reliable results from mafic intrusions include ages
such as 2222+6 Ma (Harjunoja), 2148+11 Ma (Rantavaara), 2070+5 Ma
(Ahvenselkd) and 205545 Ma (Rovasvaara). Accordingly, the age of depo-
sition of the Sodankyld and Savukoski Group supracrustal rocks is consid-
ered older than 2.22 Ga and 2.05 Ga, respectively.

A granodiorite associated with a gabbroic rock inside the schist area yields
an age of 1891+5 Ma indicating that intrusions of the Haaparanta Suite are
not restricted only to western Lapland. The 1.8 Ga thermal episode in the
area is manifested by an age of 1808+8 Ma for a granite pegmatite dyke, as
well as a few U-Pb ages on titanites. Several granites formed at this stage
contain zircons inherited from older, presumably Archean sources.

Key words (GeoRef Thesaurus AGI): absolute age, U/Pb, zircon, metavolcanic
rocks, intrusions, gabbros, metadiabase, granites, Paleoproterozoic, Archean,
Sodankyld, Lappi Province, Finland
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INTRODUCTION

The Central Lapland Greenstone Belt in northern
Finland is part of a widespread, ¢. 1000 km long NW-
SE trending Paleoproterozoic supracrustal belt, ex-
tending from Russian Karelia to northern Norway and
Sweden. On thebasis oflithology, the Central Lapland
Greenstone Belt can be divided into subareas, which
are from southeast to northwest the Kuusamo schist
area, the Salla greenstone area, the Sodankyla schist
area and the Kittilad greenstone area. The Perdpohja
schist belt further southwest records the same early
Proterozoic regime, but is separated from the Central
Lapland Greenstone Belt by a large granitic terrain,
about 20,000 km?in extent, called the Central Lapland
Granite Complex and generally considered to be
principally Proterozoic in age.

The Sodankylé Schist area occupies the middle part
of'the Central Lapland Greenstone Belt. The bedrock
consists mainly of Proterozoic supracrustals contain-
ing volcanic and sedimentary rocks penetrated by
mafic and felsic intrusives. Direct age determinations
on volcanic rocks have generally been difficult and
only few age data have been available. Instead, dating
of several intrusive rocks has been successful. The
data considered in this paper are based on c¢. 200
conventional U-Pb analyses of zircons and represent
34 rock samples taken by several researchers during

the last decades. Most of the dated rocks are mafic
intrusions and some of the ages have been published
earlier. However, as their analytical data are still
unpublished and as additional analyses and even
resampling has been done in some cases, all the data
will be published here.

Because of the fact that, probably due to later
metamorphism, many samples contain heterogeneous
zircon populations and yield discordant data, no pre-
cise ages could be determined for many of the rocks.
Dating rocks containing inherited zircons, such as S-
type granites is hard by conventional methods and
requires ionprobe techniques. The same applies to
detrital zircons in sedimentary rocks. In spite of these
problems, several reliable ages for mafic intrusions
have been obtained and these give information of
separate magmatic phases, some of which have pro-
duced also extrusive rocks.

It mustbe stressed that all the described lithological
units have undergone metamorphism and consequently
all rock names should also carry the prefix meta-.
However, for simplicity and to avoid tautology itis not
used in this paper. It should be also mentioned that the
mapinFigurel,based onthe 1:1,000,000 bedrock map
of Finland, does not show all lithological variations in
the study area.

GEOLOGICAL OUTLINE

The Central Lapland Greenstone Belt consists of
areas where either volcanic or sedimentary rocks are
prevailing. The middle part of the belt, roughly the area
between Sodankyld and Savukoski, is dominated by
sedimentary rocks and is called the Sodankylé schist
area (Rasdnen 1991). It is bounded in the southeast
with a gradational contact to the Salla greenstone area
but in the northwest its contact with the Kittild
greenstone area is tectonic. The area is bounded in the
northeast by the Archean Basement Complex and
comes in contact with the Central Lapland Granite
Complex in the southwest (Fig. 1).

The geological outline of Finnish Lapland was drawn
by Mikkola (1941) and the bedrock mapping at the
scale 1:100,000 initiated in the Sodankylé districtin the
beginning of the 1970s (Tyrvdinen 1983). Based on
studies of the Lapland Volcanite Project, Résénen et
al. (1996) presented a formal stratigraphic classifica-
tion scheme, where the Paleoproterozoic supracrustal
rocks of the Central Lapland Greenstone Belt were
divided into seven groups. From oldest to youngest,
they are the Salla, Onkamo, Sodankyla, Savukoski,
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Kittild, Lainio and Kumpu Groups. The same classifi-
cation together with the type formations was also used
by Lehtonen et al. (1998).

Well-preserved sedimentary rocks occur in the
Sodankyl4 schist area and it is easy to observe that the
volcanic rocks of the Salla and Onkamo Groups form
anticlinal structures while the rocks of the Savukoski
Group are placed in synclinal structures. However,
the bedrock is polyfolded and all supracrustal rocks
have been thrust eastwards, appearing now as differ-
ent kinds of bulging longitudinal lithological units which
can be traced on low-altitude geophysical maps. In
places the folds have been overturned which, coupled
with faults and overthrusts of varying intensity, has
caused both discontinuities and repetitions of the
supracrustal sequences.

The Proterozoic supracrustal lithology of the
Sodankylé schist area starts with felsic volcanic rocks
which belong to the Salla Group. However, they are
not ubiquitous, and e.g. at Moykkelma mafic and
ultramafic volcanic rocks of the Onkamo Group lie
directly on basement granitoids (Rédsénenetal., 1989).
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In the Central Lapland Greenstone Belt these rocks
are volcanic products of the earliest Proterozoic con-
tinental break-up, and seem to be spatially closely
related to 2.4 Ga old layered intrusions supporting an
intracontinental, rift-related origin as interpreted in the
Salla (Manninen 1991) and Kuusamo areas (Résénen
1999). In the Sodankylé schist area, they are overlain
by conglomerates, epicontinental clastic sediments
and associated volcanic rocks of the Sodankyla Group,
which represents a later stage of rifting with sedimen-
tation and coeval volcanism.

On the whole the supracrustal pile thickens laterally
westwards and the rocks of the Savukoski Group
appear on the top of the Sodankyld Group. They start
with graded schists and contain minor dolomites, black
quartzites and sulfide-bearing black schist. These are
intruded by the Keivitsa mafic intrusion dated at 2.05
Ga (Mutanen & Huhma 2001, this volume). The
schists are overlain by mafic and ultramafic volcanic
rocks and several mafic and ultramafic dykes, called
diabases and olivine gabbro-diabases, which pen-
etrate the Keivitsa intrusion (Mutanen 1997). These
dykes are Mg-basalts and komatiites in chemical
composition and resemble the komatiites of the
Sattasvaara Formation, ranging from Mg-basalts to
basaltic and peridotitic komatiites (Résidnen 1996).
Chemical data suggest that these dykes may form part
of the Sattasvaara Formation. However, reliable age
data of these rocks are still missing.

In the west, amajor tectonic zone marked by a chain
of ophiolitic serpentinites (Hanski 1997) occurs on the
eastern border of the Kittild greenstone area (Lehtonen
et al. 1998) and separates the rocks of the Savukoski
Group from the volcanic rocks of the Kittild Group. U-
Pb ages of 2.01 Ga for felsic porphyries and a Sm-Nd
age of 1.99 Ga for tholeiitic basalts of the Vesméjérvi
Formation on the top of the Kittild Group have been
reported (Hanski et al. 1997). Also a U-Pb age 1.92
Ga for a felsic dyke has been reported (Lehtonen et al.
1992).

Polymictic conglomerates and associated quartz-
ites of the Kumpu Group overlie unconformably the
folded supracrustal pile described above. Most of
these coarse clastic deposits occur in the western part
of the Central Lapland Greenstone Belt and based on
U-Pb ages of 1.88 Ga for granitoid pebbles of con-
glomerates (Hanskietal. 1997) they are post-collisional
molasse deposits. They are found also in the Sodankyla
Schistarea (Haimi 1977,Résénen 1977, Nikula 1985).
A typical feature of these conglomerate-quartzite
deposits is that they are not more than a few kilometers
wide, but may reach thicknesses of more than two
kilometers. At Pyhdtunturi, in the southern part of the
area, occurs a similar thick sequence of well-exposed
conglomerates and quartzites, which unconformably
overlie supracrustals of the Sodankyld Group. Based
on sedimentary studies they are interpreted to be
mainly ariver-born deposit (Rasdnen & Mikeld 1988)
and are called the Pyhétunturi Formation assigned to
the Kumpu Group (Résénen et al. 1995).

The Central Lapland Granite Complex is heteroge-
neous and composed of various Proterozoic granites
post-dating the crustal thickening during the
Svecofennian orogeny, as discussed by Gaal and
Gorbatschev (1987). This granitic complex, close to
20 000 km? in size and so far poorly known, includes
remnants of Proterozoic schists and a variety of
Archean rocks. For example, the Suonivaara
granodiorite about 15 km SW of Sodankyld, which is
one of the Archean basement rocks (Tyrvéinen 1979,
1983), is aninhomogeneous gneissose granite associ-
ated with migmatitic cordierite-, garnet-, staurolite-
and andalusite-bearing mica gneisses together with
quartz-feldspar gneisses. These gneisses, though they
are folded and granitized to variable degrees, can be
followed for tens of kilometers southeastwards through
the granitoid terrain. In the Vuojérvi area, they are
much better preserved and associated with felsic
volcanic rocks (Résénen 1986a).

ARCHEAN ROCKS

A194 and A195 Keski-Loviselki felsic vol-
canic rock. Keski-Loviselké lies on the southwestern
border ofthe Sodankyld schist area, close to Vuojérvi,
about 40 km south of Sodankyla (Fig. 1). In the key
area, felsic volcanic rocks occur in association with
cordierite-, garnet-, staurolite- and andalusite-bearing
mica gneisses called the Loviselkd Formation. All
rocks are isoclinally folded and the felsic volcanic
rocks have been metamorphosed to quartz-feldspar
gneisses. In spite of folding, sedimentary structures
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are well-preserved and show that the porphyroblast-
bearing mica gneisses with quartzitic lower parts,
containing almost complete Bouma-cycles, are proxi-
mal turbidites in origin. The rocks can be traced
southeastwards into the granitoid complex and the
latest mapping results indicate that similar turbiditic
gneisses together with Archean felsic volcanics can
be found as a long NS-trending belt on the western
side of the Kuusamo Schist area (Résénen & Vaasjoki
2001, this volume).
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The felsic volcanic rocks at Keski-Loviselkd are
dacites or quartz andesites and differ from the asso-
ciated mica gneisses in chemical composition for
example by having higher SiO,- and lower Al,O, and
Fe, 0, contents. They display a cyclic appearance
suggesting a partly reworked tuff/tuffitic (ash-flow)
deposit. The lower part of a unit, about 10 m in
thickness, is massive but contains some mica-rich
intraclasts. It is overlain by a 1-2 m thick ripple-cross
laminated part and capped by parallelly laminated
calcareous layers. Diamond drilling conducted by
Rautaruukki Co. in the late 1970s has shown that they
alsoinclude layers of felsic volcaniclastic rocks, which
may be pyroclastites in origin. However, the stratified
upper part suggests that they are redeposited and
probably originate from amass flow of volcanic debris
carried by a turbidity current further down slope into
a basin, while the associated turbiditic greywackes
indicate the contemporaneity of sedimentation and
volcanism.

Sample A194 is taken from the massive lower part
and under microscope the rock is granoblastic and
very fine grained (0.01-0.4 mm). It consists of
oligoclase, quartz and biotite with muscovite, chlorite
and K-feldspar. Magnetite, apatite, rutile and zircon,
up to 0.1 mm, are common accessory minerals. The
zircon occurs as yellowish short prisms, which often
have slightly rounded edges. In the fine-grained (-200
mesh) heavy fraction crystals are generally clear with
sharp edges. Sample A195 was taken from the graded
tuffites, which include some brecciated parts rich in
scapolite. It contains more biotite and also some titanite,
but otherwise it does not significantly differ from the
massive unit in mineral composition. The appearance
of the zircon population does not much differ from
zircon crystals of the massive part.

Analytical results are given in Appendix I and a
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Fig. 2. Results for U-Pb analyses on zircons from the Keski-
Loviselkd felsic rocks. The ellipses denote the analytical error
on the 95% confidence level.

concordia diagram is shown in Figure 2. The four
discordant U-Pb analyses from zircons in the massive
flow A194 define a trend which gives an upper
intercept age of 2775+25 Ma, and a lower intercept of
430+150 Ma. The large MSWD of 16 is due to
incompatibility of the two most discordant analyses. It
is quite unusual that heavy zircons (A) do not yield
analysis closer to concordia compared to the less
heavy fraction C. As the old analyses (both A and C)
have been made using separate Pb and U spike
solutions, it may be conceivable that e.g. occasional
weighing error could explain the problem. We have to
pointout, however, that several duplicated analyses in
the laboratory have yielded consistent results.

If the analytically somewhat inferior fraction A is
omitted from the calculation, the upper intercept age
for the massive flow A194 becomes 2777+3 Ma. The
overlying tuffites (A195) register an upper intercept
age of 2780472 Ma with an MSWD of 9, which may
reflect the incorporation of external detrital material
into this rock. The titanite in this rock (not shown on
the diagram) is slightly discordant, but nevertheless
demonstrates a later, Paleoproterozoic thermal event,
most likely during the Svecofennian orogeny.

A283 Kivivuotsonselki ultramafic volcanic
rock. Kivivuotsonselké lies on the northeastern bor-
der of the Sodankyld Schist area about 10 km north-
west of Savukoski (Fig. 1). The bedrock consists of
granitic gneisses and ultramafic rocks, which are
overlain by supracrustal rocks (Juopperi 1986). The
ultramafic rocks are komatiites and display well-
preserved lava structures with cumulate bases overlain
by spinifex-textured zones and flow top breccias
(Résdnen 1984). They occur in conjunction with
granitic gneisses and, in addition to orthogneisses,
there occur also plenty of cordierite-, garnet- and
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Fig. 3. Results for U-Pb analyses on zircons from the
Kivivuotsonselkd komatiite.
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staurolite-bearing paragneisses as layers reminiscent
of primary bedding.

Between the granitic gneisses and the komatiites
there is a 1-3 m thick ultramafic chlorite-rich hybrid
rock, which in places contains partly melted and at
their rims corroded xenoliths of granitic gneisses.In
addition to chlorite, amphibole and biotite are the major
minerals, while magnetite, apatite, ilmenite and zircon
are common accessories. Zircon, up to 0.3 mminsize,
is mainly euhedral but turbid with rounded edges.

Sample A283, taken by H. Juopperi in the 1980s, is
achlorite-rich hybridrock. Chemically itis a komatiite,
but it is contaminated and strongly enriched in LREE
indicating that the rock originated from a hybrid melt,
which was formed by thermal erosion of country rock
by hotkomatiite flows. This is acommon phenomenon
and often occurs during the ascent of an extremely hot

komatiitic magma or when it flows over a felsic base
rock (e.g. Groves et al. 1986, Juteau et al. 1988).
The analytical data are given in Appendix 1 anda U-
Pb concordia diagram is presented in Figure 3. From
the seven fractions treated, one (D) was analyzed only
for its lead isotopic composition, and is consequently
not shown on the diagram. The two most discordant
fractions (C and E) are almost identical and overlap in
Figure3. There is considerable heterogeneity in the
other four fractions, and no proper age result can be
obtained apart from the bulk zircons being of a defi-
nitely Archean origin. Given the komatiitic nature of
the rock and its established contamination, it seems
likely that the zircons are xenocrystic and reflect
rather a minimum age for the country rocks than the
time of lava extrusion. In fact, the Kivivuotsonselkd
komatiite flows can be Paleoproterozoic in origin.

PROTEROZOIC ROCKS

Felsic volcanic rocks

A992 Purkkivaara felsic tuff. Purkkivaara is a
hill 20 km south of Savukoski (Fig. 1). In the area there
occur extensive felsic volcanic rocks consisting of
amygdaloidal lavas and tuffs, called the Purkkivaara
formation. In the southeast, it is associated with
quartzites and minor garnet-staurolite gneisses, while
5 km to the northwest, at Akanvaara, the felsic
volcanics are in contact with a southeastward-facing
layered gabbro intrusion capped by a granophyre
(Rédsénen 1983). TheAkanvaara gabbro is c. 2430 Ma
old (Mutanen & Huhma 2001, this volume) and was
investigated in detail during prospecting activity by the
GTK in the 1990s. Itis well-documented by Mutanen
(1997), according to whom the magma intruded into
the supracrustal rocks described above and “all the
acid volcanites intersected by diamond drill holes
below the intrusion are hornfelses” and “the
hornfelses analyzed so far are compositionally
affected by the intrusion and hence resemble the
ferrogranophyres of the roof”. Thus the age of the
Purkkivaara felsic volcanic rocks, dacites and rhyolites
in chemical composition, is of considerable interest.

Sample A992, taken in the 1980’s, is a crystal tuff
from a large outcrop on the southeastern slope of the
Purkkivaara hill. The rock is very fine-grained, its
weathered surface is whitish gray with thin biotite-
streaks while the fresh surface is dark gray in color.
Allthe outcrops are schistose due to strong axial plane
cleavage associated with folding which has generally
destroyed the primary structures. However, it is
occasionally obvious that the rocks were originally
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stratified. There exist layers up to few tens of cm’s
thick containing very fine-grained lithic fragments
and plagioclase crystals, up to 1-2 mm in size, and
alternating homogeneous layers with obscure con-
tacts without plagioclase. Also amphibole-bearing
interlayers containing abundant biotite exist among
them.

Microscopically plagioclase (An ) forms eu-and
subhedral orroundish crystalsup to 2.5 mmin size and
the crystals are commonly twinned. Some crystal-
rich layers contain broken crystals indicative of
pyroclastic fallout deposits. The very fine-grained
matrix is principally composed of quartz and plagioclase
with biotite, while amphibole is a common accessory
mineral. The amount of secondary sericite is highly
variable and usually magnetite is also present.

Four samples, both flows and tuffs, were taken in
the 1980s from these volcanic rocks ofthe Purkkivaara
formation. However, only a small amount of very
fine-grained zircon was extracted. They are com-
monly brownish in color and often have a crushed
appearance. They are not rounded and a quarter of
the zircons exhibit tetragonal prismatic crystal forms
with L/B 1.5-2. Some transparent crystals occur as
well.

The zircon has a high uranium content, and is
consequently of very low density, providing
discordant analyses. The four analyses give an upper
intercept age of 2412+40 Ma, but the high MSWD
(24) shows scatter in excess of analytical error (Fig
4.). It should be emphasized that the two most
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Fig. 4. Results for U-Pb analyses on zircons from the Purkkivaara
felsic tuff and the Akanvaara quartz-feldspar porphyry.

discordant analyses were made on unusually low-
density zircon and should be treated with caution. It is
likely that the felsic volcanic rocks are Proterozoic,
but the exact age remains obscure. The obtained age
estimate is close to the age of the Akanvaara layered
mafic intrusion, 2.43 Ga, (Mutanen & Huhma 2001,
this volume), suggesting that felsic volcanism may
have been associated with this enormous mafic mag-
matic event.

A1524 Akanvaara quartz-feldspar porphyry.
Akanvaara is a large hill about 15 km south of
Savukoski (Fig. 1.). The bedrock comprises felsic
volcanics ofthe Purkkivaara formation and plagioclase-
phyric amygdaloidal flows associated with quartz-
feldspar porphyries. They are overlain by quartzites
and schists of the Ritaselkéd formation in the east and
south. In the north, they are closely associated with
granophyric rocks lying on the top of the Akanvaara
layered mafic intrusion without any observed sharp
contact.

Sample A1524 was taken from a rhyolitic quartz-
feldspar porphyric rock representing a massive flow
with quartz-filled vesicles on top. It contains 1-2 mm
phenocrysts of quartz and feldspar in a very fine-
grained granular groundmass composed of quartz and
feldspar with biotite and sericite. Magnetite, some
carbonate mineral and also zircon are present. Albitic
plagioclase exhibit lamellar twinned euhedral
phenocrystsupto 2.5 mm in size, which contain minute
inclusions of quartz and potassium feldspar. Some
phenocrysts of quartz show angular hexagonal out-
lines obscured by embayments and minute inclusions
of feldspar. Also granophyric crystallization of quartz
and potassium feldspar exists and spherulitic struc-
tures of plagioclase are not uncommon. The struc-
tures indicate high-temperature devitrification of natu-
ral glass found in volcanic rocks.

Sample A1524 yielded abundant zircon, which oc-

curs as euhedral, relatively short, pale-brown crystals.
In contrast to the previous sample (A992) much of the
zircons are heavy (+4.3), but somewhat turbid. Eight
U-PDb analyses made on sub-milligram quantities are
technically good, but give scattered data on the
concordia diagram (Fig. 4.). The data points define a
line which has an upper intercept at 2398+25 Ma, and
a lower intercept at 653+£180 Ma (MSWD=55!). The
most deviating points represent clear zircon (D) and
abraded long crystals (F), and without these points the
intercepts would be 2394+11 Ma and 629+79 Ma
(MSWD=7). The heterogeneity observed is consid-
ered to be due to metamorphic effects presumably
during 1.8-1.9 Ga tectonothermal events. Similar,
more pronounced effects have been observed e.g. at
the Siikak&dma intrusion (Mertanen et al., 1989). The
dataavailable donotallow reliable dating, butitis very
likely thatthe age of volcanism s fairly close to the age
ofthe Akanvaara gabbro, which is considered intrud-
ing these volcanics.

A1432 and A1498 Sakiamaa volcanics.
Sakiamaais in the northeastern corner of the Sodankyla
Schist area about 60 km north of Savukoski on the
southern shore of the Lokka reservoir (Fig. 1). The
lithological information on the area is mainly based on
works by Mikkola (1937, 1941), according to whom
the bedrock consist of quartzites and mica schists
together with leptitic schists. At the time the term
leptite was used for most felsic schists of unknown
origin composed principally of quartz, feldspar and
mica, often with gneissose fabric. Some targets of
these poorly known rocks have been reinvestigated
and the rocks described formerly as quartz-feldspar
schists or mica arkoses are, in fact, felsic volcanics in
origin. They include stratified tuffs and plagioclase
crystal tuffs containing also felsic interflows. These
are associated with garnet-bearing quartz-feldspar
schists and garnet-staurolite gneisses and quartzites.
Chemically the volcanics are dacites and rhyolites.

Samples A1432 and A1498 were taken from a
massive part of the volcanic unit, which is about 80 m
thick and contains also stratified tuffites. The massive
rock, about 5 m thick, is a very fine-grained slightly
orientated plagioclase-phyric lava with granoblastic
groundmass containing also vesicles, up to 3 mm in
diameter, filled with quartz, epidote and chlorite. Quartz,
saussuritized plagioclase exhibiting eu- to subhedral
phenocrysts up to 1 mm in size and deep green
hornblende are the main minerals, while chlorite,
magnetite, biotite, epidote and titanite are common
accessories. Also apatite and some hematite are
present.

Zircon in sample A1432 occurs as small subhedral
grains, which range from light-colored turbid to dark-
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Fig. 5. Results for U-Pb analyses on zircons from the Sakiamaa
felsic volcanics.

ish and fairly clear. Results of analyzed zircon frac-
tions are given in Appendix I and the concordia

diagram is presented in Figure 5. In spite of a high
contents of uranium, the analyses on the dark zircon
arenotparticularly discordant. Instead, an analysis on
the heaviest fine-grained (-200 mesh), though turbid
zircon (A) is badly discordant, although its uranium
content is lower. This analysis lies clearly off the line
defined by the others, and suggests disturbances due
to metamorphism. The four analyses (on +200 mesh)
yield an upper intercept age of 2438+11 Ma and a
lower intercept at 584+60 Ma (MSWD=3, Fig. 5).

The zircon age estimate of 2438+11 Ma demon-
strates volcanism coeval with the plutonic phase that
generated numerous layered mafic intrusions in north-
eastern Fennoscandian Shield generally, and in par-
ticular the local Koitelainen and Akanvaara layered
intrusions, dated at 2.43 Ga (Mutanen & Huhma 2001,
this volume), lying on either side of the Sodankyla
Schist area.

Mafic intrusions

A281 Harjunoja mafic sill. Harjunoja lies in the
southwestern part of the schist area about 45 km south
of Sodankyli (Fig. 1). The bedrock consists of quartz-
ites, dolomites and siltstones associated with minor
felsic volcanic rocks together with phyllites and
carbonaceous schists. This volcano-sedimentary
rock association, called the Harjunoja Formation,
is penetrated by a dyke swarm composed of highly
magnetic differentiated mafic sills. The magnetic
susceptibility of the sills is about 100 times higher
than that of the surrounding rocks and, conse-
quently, they can be traced on aeromagnetic low-
altitude maps for more than 50 km along strike.

The thicknesses of individual sills vary from tens to
hundreds of meters, and they may reach one kilometer
in total. The sills are differentiated and the thickest
contain serpentinized olivine cumulates at the base, but
generally the lowermost rocks are olivine-bearing
pyroxene cumulates composed of variably uralitized
pyroxene and epidotized labradoritic plagioclase with
magnetite. The upper differentiates are gabbroic cu-
mulates composed of plagioclase (An, . ),amphibole,
biotite, magnetite and epidote. Also some magnetite-
rich plagioclase cumulates are present.

Sample A281 was taken from a coarse-grained
gabbroic differentiate of the upper part of a sill and it
contained abundant zircon. The zircon population is
quite homogeneous and euhedral crystals possess
well-developed (100)and (101) crystals faces, indicat-
ing a high temperature during crystallization (e.g.
Pupin 1981). There also exist needle-like (L/B>5)
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crystals of zircon, which could indicate a fast crystal-
lization rate. In addition, there are also glassy zircons,
which exhibit numerous crystal faces.

Results of analyses are listed in Appendix 1. The
high 2%8Pb/?%Pb ratio of suggests that when the rock
crystallized Th and U were not yet fractionated in the
source melt. The concordia plot for zircons is pre-
sented in Figure 6. The glassy zircon fractions of
(F,G,H) are least discordant and a linear fit through all
12 zircon fractions has an upper intercept at 2222+6
Ma and a lower intercept at 383+58 Ma with an
MSWD of7. Exclusion of the most discordant fraction
Jfrom the calculation does not significantly alter these
figures.

The obtained U-Pb age of 2222+6 Ma for the
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Fig. 6. Results for U-Pb analyses on zircons from the Harjunoja
mafic intrusion.
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Harjunoja layered sill is in good agreement with the
Sm-Nd mineral age of 2.26+0.04 Ga for the same
intrusion at Ahvenvaara (Huhma et al. 1996). A
differentiated sill-like intrusion at Haaskalehto, which
occurs about 20 km NW of Sodankyld, yields an U-Pb
zircon age of 2220+11 Ma (Tyrvéinen 1983; A892)
and a similar Sm-Nd age of 2.19 Ga. From Silmésvaara,
10 km further NW, a Sm-Nd age at 2.22 +0.05 Ga is
reported by Huhma et al. (1996). All these rocks have
initial Nd-ratios close to the chondritic value. Similar
differentiated dykes in the Salla area at Jokinend and
Pirtinkehdkukkura yield U-Pb zircon ages of 2209+10
Ma and 2202+2 Ma (Lauerma 1995; A379,
A420+A830), respectively. Silvennoinen (1991; A847
Jakalaniemi) reported a U-Pb age at 2206+9 Ma for a
long dyke in the Kuusamo area and, there are abun-
dantly quite similar differentiated mafic dykes in the
Perdpohja area. E.g. at Kallinkangas, a U-Pb age of
2216 Ma has been obtained (Perttunen & Vaasjoki
2001, this volume).

A900 Rantavaara gabbro. Rantavaara is a hill
about 20 km NNE from Sodankyld (Fig. 1.) where a
mafic intrusion called the Rantavaara gabbro is ex-
posed. Itis apart ofamore extensive, 200- 500 m thick
sill-like intrusion, which can be traced for almost 25
km along strike roughly in a NE-direction. At
Rantavaara the NW dipping (40-50°) intrusion is
slightly differentiated containing minor ultramafic
rocks at base, but the bulk consists of gabbroic
rocks characterized by alternating plagioclase-
and amphibole-rich magmatic layers with varying
thickness. Epidotized plagioclase and green horn-
blende are the main minerals, often with chlorite,
while titanite and magnetite are common accesso-
ries with some pyrite.

The intrusion penetrates quartzites and graded Al-
bearing mica schists, which have been found on its
southern side and are interpreted to represent the
uppermost sedimentary rocks of the Sodankyld Group
(Résédnen et al. 1996). Later it has been observed that
on the northern side the intrusion is in contact with
black schists and it has been presumed (Lehtonen et
al. 1998) that the intrusion penetrates also the lowermost
rocks of the Savukoski Group. The contact between
therocksiscovered and, according to diamond drillings,
it is sheared. No signs of a thermal effect caused by
the intrusion have been observed in black schists; in
contrast, they are highly folded against the intrusion.
Based on low-altitude geophysical maps and ground
measurements the black schists run for kilometers
along the northern side of the intrusion. However,
minor black schists are found also on the southern side
ofthe intrusion, but also their contact with the intrusion
consists of highly sheared and broken rocks as ob-

served in drill cores. All these observations indicate
a tectonic contact and support an interpretation of a
thrust. Actually, this black schist may be one of
those several thrust sheets observed in the Rajala
area, which accompany the overthrust of the Kittila
greenstones.

Earlier an age of 2130+£30 Ma was obtained for the
Rantavaara intrusion and, based on its high € value
of +9.8, Patchett and Kouvo (1986) concluded that the
rock originated from a depleted mantle source. This is
supported by Nd-Sm data from a pyroxenite at base of
the intrusion, which shows an €, value of +3 also
compatible with a depleted mantle source (Huhma et
al., 1996). Sample A900 is a very coarse-grained
homblende-rich gabbro pegmatoid, which yielded abun-
dant zircon. The separated zircons are generally
fragments of larger grains, exhibiting still sharp crystal
edges and shiny surfaces. The transparency is gener-
ally moderate. In addition to the old data we have
picked clear zircon for three new U-Pb analyses. All
seven analyses provide a chord which gives an upper
intercept age of 2148+11 Ma and a lower intercept of
6524190 Ma (MSWD=4, Fig. 7).

A1586 Metséivaara gabbro. Metsévaara is a hill
about 2.5 km northeast from Rantavaara (Fig. 1.)and
consists of the same intrusion, which here displays
excellentmagmatic layeringrich in plagioclase. Sam-
ple A1586 was taken from a light-colored and coarse-
grained gabbro. Separation yielded a small amount of
clear zircon. A U-Pb analysis is slightly discordant and
plots on the chord defined by sample A900 (Fig. 7).

The data presented here confirms the previous age
results for the Rantavaara gabbro and the obtained U-
Pb age of 2148+11 Ma can be regarded as the age of
this extensive mafic intrusion. However, it is highly
doubtful to argue that the intrusion penetrates the
black schists at the base of the Savukoski Group.
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A841 Pittiovaara albitite. Pittidvaara hill lies 10
km west of Sodankyla (Fig. 1). The bedrock is domi-
nated by quartzites comparable to the Virttiovaara
Formation in lithology. Arkose quartzites with mica
schistinterlayers exist but greenish sericite quartzites
are dominating and they contain fuchsite-bearing lay-
ers. These quartzites are cut by a dyke, called “albite
diabase” and represented by sample A841, for which
an upper intercept of 2132+30 Ma has been reported
by Tyrviinen (1983). The sample A841 shows a high
€, value of +4.5 (Patchett et al. 1981).

The rock represented by sample A841 is a fine-
grained carbonate-bearing albitite, composed mainly
of albite and quartz with carbonate, magnetite, mica
and other accessory minerals. Gabbroic rocks occur
close to the place where the sample A841 was taken
and more albitites are found about 8 km southwards.
Onreinvestigation, it has turned out that most albitites
are associated with gabbroic rocks and it is evident
that the gabbro is more extensive than previously
thought.

Zircon in sample A841 occurs as turbid stubby
prisms, which are quite typical for many “albite
diabases”. The analytical results for sample A841 are
shown in Appendix 1 and presented on a concordia
diagram in Figure 8. The six old analyses are fairly
discordant and scatter slightly along the line, which
gives intercepts at 362+£190 and 2135+31 Ma
(MSWD=13). The upper intercept provides the mini-
mum age, but as the zircon is turbid and the data
discordant and slightly scattered, the exact age of
this sample remains unknown.

A962 Povivaara gabbro pegmatoid. The
Povivaara mafic intrusion lies about 60 km northeast
of Sodankyld, on the southern shore of the Lokka
reservoir (Fig. 1). It is the middle part of a larger
intrusion, up to several kilometers long, which has
been brittle during folding and broken into pieces. It
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Fig. 8. Results for U-Pb analyses on zircons from the Pittidvaara
metadiabase.

162

consists of two or three parts separated by schists and
cut by mafic dykes. The investigated portion is com-
posed of slightly differentiated gabbroic rocks, which
include alternating plagioclase- and amphibole-rich
magmatic layers, up to some meters thick, resembling
the Rantavaara intrusion (A900 and A1586) discussed
before. The intrusion has chilled margins and pen-
etrates quartzites and mica schists. Close to the
contact of the gabbro there exists a hornfels-like schist
rich in biotite, which indicates that the schists are
thermally affected by the intrusion.

Sample A962 was taken by A. Karvinen in order to
find out whether or not the intrusion is a satellite of the
2.43 Ga old Koitelainen layered intrusion, which lies
only a few kilometers westwards. Therock is aslightly
scapolitized coarse-grained gabbro-pegmatoid with
abundant zircon and rutile. The zircon is euhedral and
long (L/B>5) prismatic crystals are common. Some
zircons contain unidentified inclusions. Although only
three fractions were analyzed, the upper intercept age
of 2142+5 Ma seems quite reliable (MSWD=0.33).
Thelower interceptis at438+48 Ma. A U-Pb concordia
diagram is shown in Figure9 and the analytical results
are given in Appendix I.

The ageresult the Povivaaraintrusion shows clearly
thatitisnotasatellite of the Koitelainen intrusion (2.43
Ga), but belongs to another magmatic phase which
intruded about 300 Ma later.

A418 Koskenkangas gabbro. Koskenkangas is
about 40 km east of Sodankyld in the vicinity of
Tanhua. This intrusion is one of poorly exposed gabbro
intrusions continuing as a chain for at least 10 km but
reaching a thickness of no more than 400 m. Sample
A418is taken from a 2-3 km long intrusion consisting
mainly of medium-grained and homogeneous gabbro
showing only minor differentiation. However, some
hornblende-plagioclase bands indicate primary mag-
matic layers. The gabbro is surrounded by quartzites
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Fig. 9. Results for U-Pb analyses on zircons from the Povivaara
and Koskenkangas gabbros.
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and mica schists of the Sodankyld Group, but the
contacts are covered.

The gabbro is quite even-grained and composed of
hornblende and andesine as the main minerals,while
zircon and rutile are common accessory minerals. As
mentioned earlier, there are many similar gabbro
intrusions in the Tanhua area and the sample was
taken to determine the age group of these longish
gabbros. Only two analyses are available and results
ofthem are listed in Appendix I. A concordia diagram
with plotted data is shown in Figure 9. The data plot
close to the concordia and, as the less discordant
heavy fraction (A) plots close to the chord defined by
the previous sample A962, it is likely that all these
gabbros are part of the same magmatic event as the
intrusions of Povivaara (A962) and Rantavaara
(A900+A1586) described before.

A816 and A817 Kylilampi gabbro. The Kyldlampi
intrusion occurs also in the Tanhua area about 45 km
east of Sodankyld, close to the eastern border of the
Sodankyld Schist area (Fig. 1). This highly magnetic
intrusion is unexposed and was investigated by dia-
mond drilling by Rautaruukki Co. in the 1970s. The
intrusion faces to the west and consists of layered
gabbroic rocks, which penetrate amphibolites and
associated felsic volcanics. All of the intrusive rocks
are amphibole- and albite-altered and contain abun-
dantly magnetite. Two samples, A817 and AS816,
were taken by Rautaruukki Co.

Drilling did not reach the base of the intrusion, but
the lowermostrock, more than 150 mthick in drill core,
is a mafic biotite-bearing gabbro containing variable
amounts of magnetite and quartz and carrying en-
claves of amphibolite and volcanic rocks. The middle
part, about 40 m thick in drill core, is more felsic and
composed of an albite-magnetite rock with a sheared
upper contact. The upper part, 17 m thick in drill core,
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Fig. 10. Results for U-Pb analyses on zircons from the Kyldlampi
metagabbro A817.

consists of light-colored albitite with a varying amount
of magnetite. The roof of the Kyldlampi intrusion
consists of volcanic rocks and, in drill core, they are
penetrated by several albitite- and gabbro-dykes.
Actually, this highly magnetic body could be the north-
ernmost end of a more extensive gabbroic massif
continuing over 10 km southwards and reaching a
thickness about half a kilometer.

Sample A817 is taken from albite-magnetite rock,
called albitite, ata depth between 78.70-93.00 m in the
middle part of the intrusion. The rock is fine-grained,
slightly orientated and dark gray in color consisting
mainly ofalbite and magnetite with quartz. Biotite and
hornblende are common accessory minerals and
diopside, apatite and carbonate are also present to-
gether with titanite and leucoxene.The texture is
granoblastic, but there are relics of saussuritized
subhedral plagioclase crystals, up to 3 mm in size,
indicating the primary texture. Zircon is transparent
and exhibits needle-like crystal forms with well-devel-
oped crystal faces. Some platy and short prismatic,
transparent crystals are present.

Data, listed in Appendix I, exist for six zircon
fractions and titanite. As shown on the diagram in
Figurel0, alinear fitthrough the zircon analyses has an
upper intercept at 2114+6 Ma. The least discordant
points represent abraded fractions (F and G), but also
an analysis of the HF-pretreated zircons (E) provides
similar ratios. The nearly concordant titanite with a
27Pb/2%Pb age of 1802+10 Ma, indicates a later
metamorphic event.

Sample A816 is also from the Kyldlampi intrusion
and was taken from the same drill core as sample
A817. The rock, taken from the upper part of the
intrusion from the depth interval 50.00-64.00 m, repre-
sents a light gray, slightly reddish-colored albitite. In
drill core its upper contact is characterized by a layer
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of calc-silicate rock, while the lower contact with
albite-magnetite rock is highly sheared. As saidabove,
the roof of the intrusion consists of volcanic rocks
penetrated by albite dykes and, on that ground, this
rock could also be interpreted as a dyke. However, no
proper chilled margins have been observed.

The rock is hypidiomorphic or weakly ophitic in
texture. Albite, as 1-3 mm sub- and euhedral crystals
and as large crystal-aggregates, and quartz are the
main rock-forming minerals, while light green
amphibole and magnetite are common accessory
minerals with some titanite. Zircon crystals are euhedral
and transparent, and do not seem to differ from the
zircons insample A817. However, their analyses give
a different result.

Results of 15 analyses are given in Appendix [, and
a concordia diagram with plotted data is presented in
Figurel 1. Theregression ofall points provides a chord
with intercepts at 206310 Ma and 193+97 Ma.
However, the high MSWD (22) shows that the data
are scattered. It is particularly obvious that the HF
treated heavy fractions G and P plot off the line (Fig.
11). Asthereis apotential danger of U/Pb fractionation
during HF-leaching, these analyses should be consid-
ered with caution.Rejecting these two and the analy-
ses on less heavy (<4.2 g/cm?®) zircon, the intercepts
would be at 2066+7 and 272473 Ma (MSWD=2,
n=10).

The conventional interpretation of the upper inter-
ceptage would suggest thatin the Kyldlampi drill core
there exists intrusive material of two different ages. It
should be noted, however, that all data are discordant
and scatter exists as discussed above. An alternative
interpretation would involve significant metamorphic
effects on zircon at 1.8-1.9 Ga, in which case the
primary magmatic age would be much older than the
apparent upper intercept. In such case, however, one
might expect even more scatter than observed.

A818 Ahvenselki mafic dyke. Ahvenselkd lies
about 30 km to the south of Savukoski (Fig. 1). The
bedrock consists mainly of quartzites and mafic vol-
canic rocks, but felsic volcanic rocks occur as well
(Rédsénen 1983). However, the local bedrock is almost
entirely covered and observations are based mainly on
samples obtained by percussion drilling and on some
diamond drill cores of Rautaruukki Co. drilled in the
1970s during their activity in the area.

Sample A818, called then an albite diabase, was
also taken from a mafic dyke by Rautaruukki Co. in
the 1970s. The outcrop is quite small but according to
the aeromagnetic low-altitude map the dyke is several
tens of meters thick and about 500 m long. It pen-
etrates reddish quartzites, which are mainly arkosic in
composition and contain calcareous and mica-bearing
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Fig. 12. Results for U-Pb analyses on zircons from the Ahvenselkd
metadiabase.

interbeds. The quartzites are overlain by mafic vol-
canic rocks.

The dyke is medium-grained and massive in ap-
pearance. Hornblende and plagioclase are the main
minerals, but the rock is altered. Plagioclase (An,, ,.)
displays albitized euhedral crystals with saussuritized
cores rich in minute epidote and sericite. Hornblende
is uralitic, slightly fibrous or flaky in appearance and
containsrelics of pyroxene. Quartz is also present and
magnetite, titanite and scapolite are common accesso-
ries. Zircon is euhedral as prismatic crystals with well
developed (100) and (101) crystal faces.

Results of zircon and titanite U-Pb analyses are
listed in Appendix I. The *®Pb/**Pb ratios are rela-
tively high (c. 0.6), which may indicate that Th and U
were not fractionated in the melt. A regression of all 8
discordant zircon analyses gives intercepts at 531120
and 2072+13 Ma (MSWD=4.6). Compared to other
data, analysis A is of poor quality and without it the
upper intercept age would be at 2070+5 Ma and the
lower 524443 Ma (MSWD=1.2, Fig. 12). The analysis
for titanite is concordant but rather imprecise. Never-
theless, it indicates a later thermal event in Svecofennian
times at 1836+30 Ma.

A820 Rovasvaara gabbro. Rovasvaara lies about
20 km southeast of Sodankyla (Fig. 1). Sample A820
was taken in the 1970s in connection with investiga-
tions made by Rautaruukki Co. The first age estimate
(206042 Ma) was published by Patchett et al. (1981).

The Rovasvaara gabbro is part of an intensely
folded maficintrusion, tens of kilometers in length with
athickness varying from 100 mto almost 500 m. Inthe
Oraniemi area it penetrates the rocks, which were
previously known as the classical Kumpu-Oraniemi
sedimentary series of Mikkola (1941). Later Saverikko
(1977) stated that, in the Oraniemi area, the supracrustal
succession is intensely folded and lies on gneissic
granitoids. At the same time it was also observed that



Geological Survey of Finland, Special Paper 33

U-Pb datings in the Sodankyld schist area, central Finnish Lapland

the Kaarestunturi Formation, which is one of those
typical ‘Kumpu rocks’, lies unconformably on highly
folded rocks resembling the Oraniemi supracrustals.
In addition, Réasénen (1977) found that mafic diabases
do not penetrate this coarse clastic formation as
argued by Hackman (1927). In contrast, the highly
polymictic conglomerate at the base of the formation
contains a lot of pebbles derived from mafic diabases
and gabbros. These two university theses demon-
strated that no connected Kumpu-Oraniemi sedimen-
tary series exists. Based on two misinterpreted ages of
volcanic rocks, Saverikko (1988) assumed the
Oraniemi supracrustals to be Archean in origin. Ac-
cording to the current interpretation the Rovasvaara
gabbro penetrates the Paleoproterozoic quartzites and
aluminous mica schists of the Sodankyld Group.

The gabbro is mainly small- to medium-grained and
quite homogeneous in appearance but, locally, it also
contains more differentiated and coarse-grained,
plagioclase-rich cumulates and exhibits ophitic tex-
ture. The most common rocks are hypersthene-
gabbros, composed of pink pyroxene and plagioclase
(An, ) with some hornblende and magnetite.
Uralitized hornblende-rich parts contain biotite while
epidote is a common product of altered plagioclase.

Sample A820, originally a pyroxene-plagioclase
cumulate, is a very coarse-grained, pegmatoid variety
of the gabbro. It is amphibolitized and epidotized and
contains plenty of magnetite and accessory titanite
with zircon. Initial '"*Hf/'”7Hf ratio of the zircons
shows an €, value of -3.2 (Patchett et al. 1981)
indicating that the basaltic source material was crustally
contaminated when compared to a depleted mantle
source (Patchett & Kouvo 1986).

Since then, two additional fractions of zircons were
analyzed at the GTK. The zircons are euhedral and
exhibit splintery and platy crystal forms. Longneedle-
like crystals with L/B>10 are quite characteristic.
Results of all analyses are listed in Appendix I and a
concordiadiagramis presented in Figure13. A regres-
sion through 4 slightly discordant zircon fractions has
anupper intercept at 2055+5 Ma and a lower intercept
at 347+£58 Ma (MSWD=0.02). An analysis on zircon
with red pigment (E) is off the line, and omitted from
the calculation.

The U-Pb age of this gabbro, 2055 Ma, is the same
as that of the Keivitsa mafic intrusion, 2057+8 Ma
(Mutanen & Huhma 2001, this volume) and also in
good agreement with the U-Pb age of 2060+8 Ma
from an albite gabbro at Riikonkoski in the Kittild area
(Rastas et al. 2001, this volume). Furthermore, the
Sm-Nd data ofthe Keivitsa intrusion, which lies within
the schists of the Matarakoski Formation at base of
the Savukoski Group, yields aninitial € value of-3.5
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(Huhma et al. 1995), which shows that it is crustally
contaminated as demonstrated by Mutanen (1997).

A861, A862 and A863 Torminen mafic dyke.
Toérmanen is about 30 km southeast of Sodankyld by
the river Kitinen (Fig. 1). The local bedrock is charac-
terized by fine-grained but inhomogeneous sedimen-
tary rocks, which are penetrated by mafic dykes. The
sedimentary rocks, called the Akankoski Formation,
include plenty of graded and commonly reddish,
hematite-bearing siltstones associated with pinkish
orthoquartzites together with bedded dolomites and
laminated schists rich in calcite. These sedimentogenic
carbonate rocks are highly enriched in "*C, calcite
rocks show positive 8"3C values between 11.1-12.5
%o and dolomites 10.1-10.8 %o (Karhu 1993). The
Akankoski Formation can be compared lithologically
with the Siltstone Formation in Kuusamo,which also is
an inhomogeneous sedimentary package character-
ized by fine-grained, hematite-bearing sedimentary
rocks together with quartzites, schists and sedimen-
tary carbonate rocks (Silvennoinen 1972, 1991). Ac-
cording to Karhu (op.cit.) a dolomite sample of the
Siltstone Formation also yielded a highly positive 8'*C
value of 12.1 %o and a calcite rock from the Kelloselké
Formation in the Salla greenstone area, which can be
compared with the former in stratigraphy, has also
yielded a 8'*C value of +12.7 %o.

The mafic dykes reach a thickness from some
meters to tens of meters and exhibit chilled margins.
However, all observed contacts are schistose or
sheared indicating post-emplacement movements.
Commonly the dykes are small- to medium-grained,
exhibit ophitic texture and contain some layer-
like, coarse-grained parts rich in plagioclase. All
dykes are similar in texture as well as in mineral
composition indicating that they are of the same
generation.
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Samples A861a, A862 and A863 were taken by P.
Mielikdinen in 1970s. They represent coarse-grained
plagioclase-rich parts of a single dyke, called then
albite diabase, composed mainly of oligoclase and
hornblende. Also some biotite and quartz are present.
Magnetite, titanite and epidote occur frequently as
accessory minerals. Sample A861b was taken after-
wards from an other outcrop of the same dyke and
does not significantly differ from the others. It also
consists of hornblende and plagioclase (An,,,) but
contains hematite in addition to magnetite. Hematite
is also present in zircons, which contain zones colored
reddish by hematite dust. These zones coincide with
original crystal forms, which are commonly short
prismatic with sharp edges.

Results of all 22 analyses are listed in Appendix I
and plotted on the concordia diagram in Figurel4.
Analyses on the original samples are all very discord-
ant and scattered. Nevertheless, the five analyses on
sample A863 give intercepts at 2061+47 and 518+130
Ma (MSWD=9). In contrast, sample A861b yielded
less discordant analyses, and particularly the clear
heavy zircon handpicked from this sample gives
points fairly close to concordia curve (Fig. 14). The six
analyses from A816b provide a trend with an upper
intercept age of 2050+14 Ma and a lower intercept at
361+130 Ma. The large MSWD of 17 suggests, how-
ever, some scatter in excess of analytical error. If the
most discordant analysis on the low-density turbid
zircons is rejected the intercepts would be 2054+14
and 459+170 Ma (MSWD=8). Following a conven-
tional interpretation this upper intercept age should be
considered as the best estimate for the age of magmatic
zircon and intrusion. The scatter observed particularly
in sample A862 would suggest significant metamor-
phic effects probably during the 1.8-1.9 Ga
tectonothermal stage, i.e. lead loss and possibly some
recrystallization of zircon. If such domains existed in
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zircons which yielded the least discordant analyses
(A861Db), the magmatic age should be older than the
apparent upper intercept.

A401, A741, A742 and A743 Mairivaara mafic
dyke. Mairivaara lies about 40 km southeast of
Sodankyld, 10 km north of Pyhétunturi (Fig. 1). The
bedrock consist of quartzites, which are capped by
mafic tuffitic schist and penetrated by a mafic dyke,
called albite diabase by Mielikdinen (1979). It was
then assumed that the quartzites are the same as the
quartzites at Pyhatunturi and comparable to the Kumpu
quartzites, which both Hackman (1927) and Mikkola
(1941) regarded as youngest sedimentary rocks in
Finnish Lapland, lying probably unconformably on
Jatulianrocks classified as Proterozoic. In order to get
an age constraint for these quartzites three samples
were taken from the mafic dyke. However, owing to
the correlation of the Mairivaara and Pyhétunturi
quartzites, the firstresults yielding an age c. 2.0 Ga for
the dyke together with another age c. 2.2 Ga at
Virttiovaara led to a confusion in lithostratigraphy as
Silvennoinen et al. (1980) concluded that the Kumpu
formation (presently the Kumpu Group) represents
Jatulian rocks. The underlying supracrustal succes-
sion was interpreted as Archean and called Lapponian
after the term ‘Lapponium’ (Eskola 1932). In fact,
Hackman (1927) previously presented the same con-
clusion, supposing that as the Kumpu quartzites at
Kaarestunturi seem to be penetrated by a mafic dyke,
they belong to Jatulian rocks.

The Mairivaara quartzite is reddish and mainly
arkosic in composition with thin orthoquartzitic
interbeds and contains typically only a little micas.
Crossbeds associated with some conglomeratic
interbeds containing highly weathered gneissose
granitoid pebbles are common in the lower part of the
quartzite, but the main part is dominated by laminar
beds with some cross-bedded interlayers. The upper-
mostpartis amphibole-bearing and includes mica-rich
siltstones with laminar and ripple cross-laminated
interlayers, and changes to stratified amphibole-rich
tuffite. Observed sedimentary structures are indica-
tive of deposits formed in shallow water not far from
shoreline, suggesting shelf-like prograde conditions
during sedimentation followed by volcanism. Later
investigations have shown that the Mairivaara quartz-
ite (Mairivaara Formation) lies close the base of the
Sodankyld Group.

The Pyhétunturi quartzite was also reinvestigated
and described in detail by Réséinen and Mikela (1988).
It lies on a thick pile of highly polymictic conglomer-
ates. The bulk of the quartzites are homogeneous
ortho- and sericite quartzites containing only a little
feldspars. Well-preserved primary structures exhibit
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alternating tabular beds from 10 cm to 160 cm in
thickness, which include angular and tangential cross-
bedded, horizontal-bedded and wavy-laminated sheets.
Based on sedimentary structures this formation has
been interpreted as a braided river deposit. Although
no penetrating mafic dyke was found, Résénen and
Maikel (op. cit.) still assumed that the mafic lavas of
the Kiimaselkd Formation overlie the Pyhétunturi
Formation, which led to another confusion in general
lithostratigraphy. Based on conglomerate pebbles and
observations from sedimentary rocks, Laajoki (1988
p-103) explained the Pyhédtunturi quartzites to be
typically Jatulian rocks and as such correlative with
“the mature Jatuli-type quartzites of the third cy-
cle”.

It is important to point out in this connection that in
the 1970s there was no geophysical low-altitude map
of the area and during 1970s and 1980s the role of
tectonics such as faults and thrusts was almost entirely
ignored innorthern Finland as seen e.g. onthe Geologi-
cal Map of Northern Fennoscandia (1987). Later
studies, based on lithological and geophysical data
together with new field-observations, have suggested
thatboth in north and east, the contact of the Pyhétunturi
Formation is tectonic and the formation is separated by
a fault, probably a thrust, from the mafic volcanics at
Kiimaselki and the quartzites at Mairivaara. Though
the contacts of the Pyhétunturi Formation are cov-
ered, diamond drillings show that the bedrock including
the Mairivaara quartzite was folded before the depo-
sition of the Pyhétunturi Formation. Some results of
these studies are also indicated on the Bedrock map of
Finland (Korsman et al., 1997).

The mafic dyke is well exposed, 350-400 m thick
and can be followed on outcrops for about 1 km in
length. Itis not differentiated, but exhibits alternating
amphibole- and plagioclase-rich layers of magmatic
origin. The margins of the dyke are chilled and glassy,
elsewhere the rock is small- to medium-grained and
ophitic in texture. Coarse-grained varieties are rare.
The rock was originallypyroxene-bearing but is al-
tered and now the main minerals are hornblende and
plagioclase (An,_, ). The cores of plagioclase crys-
tals are filled with minute epidote crystals. Secondary
albite with subordinate quartz as well as scapolite are
common. Titanite, often associated with biotite, dis-
plays large anhedral crystals or crystal-aggregates
and magnetite is commonly present. Samples A741,
A742 and A743 were taken P. Mielikdinen in 1970s
during the first mapping activities in the area, while
sample A401 was taken more recently. All samples
are close to each other. Zircon occurs as small,
euhedral, prismatic crystals and also some twinned
crystals are found. The appearance of the zircon

population is somewhat heterogeneous due to arange
of colors and transparency from clear to very dark.
Some baddeleyite occurs in the heavy fractions of
samples A401 and A742.

There are 38 analyses of zircon fractions listed in
Appendix I, and corresponding concordia diagrams
are presented in Figures 15a and b. As a whole the
analyses are discordant and do not provide well-
defined chords on the concordia diagram. Neverthe-
less, excluding the two most discordant points, the data
from these four closely spaced samples yield aregres-
sion line which has intercepts at 2029+7 Ma and
389+69 Ma (MSWD=38). The data for individual
samples are also heterogeneous. An analysis on red
opaque zircon (L) in sample A401 is discordant and
clearly off the line defined by other eleven analyses,
which give intercepts at 371£38 and 2038+5 Ma
(MSWD=7,n=11). As some of the analyses represent
very low-density material (<3.8 g/cm?) and give highly
discordant points, it should be appropriate to consider
only good analyses on heavy zircon. Seven points yield
achord, which gives anupper intercept age of2046+18
Ma, and alower intercept of 5304260 Ma (MSWD=3,
Fig. 15a). Most analyses on sample A741 represent
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low-density zircon. Apart of the most discordant data
point (fraction K) the analyses from A741 form anill-
defined cluster which plots along a 2028-500 Ma
reference line. The data from sample A742 are also
heterogeneous plotting roughly along a2019-285 Ma
reference line. The three analyses on sample A743
plot close to this line.

The Mairivaara data are not unequivocal, but sug-
gest intrusion not later than 2.03 Ga ago. The upper
intercept age of 2046+18 Ma calculated for the best
material of sample A401 may be considered with
caution as an age estimate. However, as discussed
above (Torménen) metamorphic effects on zircon at
1.9-1.8 Ga are the likely reason for the heterogeneity
observed. If such an effect was very pronounced, the
age of intrusion should be older than the result of this
simple calculation.

A815 Rykiméikuru mafic dyke. Rykimékuru lies
in the Luosto area about 40 km southeast from
Sodankyld, 10 km west from Mairivaara and 12 km
northwest from Pyhétunturi (Fig. 1.). The bedrock
was mapped by Haimi as a student practice carried
out for Rautaruukki Co. in the 1970s. The lithology
consists principally of quartzites but there occur also
schists and dolomites, as well as mafic dykes and
mafic volcanic rocks, both flows and tuffs. Haimi
(1977) considered that the quartzites were of same
formation and, together with the quartzites at Mairivaara
and Pyhitunturi, formed a syncline penetrated by
mafic dykes and capped by the mafic volcanics. The
idea for sample A815, taken 1977 by M. Haimi, was
to produce an age constraint for the quartzite deposi-
tion.

Based on geological and geophysical information
the Rykimékuru dyke resembles that at Mairivaara,
butis more deformed due to its proximity to atectonized
zone. [t penetrates the fine-grained arkose quartzite of
the Mairivaara Formation. It should be noted, that no
dykes penetrating the Pyhitunturi Formation have
been observed during careful reinvestigations in the
area.

The sample A815 is ophitic and reddish in color, and
rich in plagioclase containing subhedral crystals of
albite up to 3 mm in size and abundant carbonate
minerals. Hornblende and leucoxene after
titanomagnetite are common and also minor quartz
exists. Zircon occurs as short, reddish brown or pale,
completely turbid crystals. The seven U-Pb analyses
on zircon are very discordant and plot along a line
which gives an upper intercept at 1912+18 Ma and an
unusually low lower intercept at 22+49 Ma (Fig. 16).
As the data are heterogeneous (MSWD=22) and very
discordant, the significance of the age remains ob-
scure.
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Fig. 16. Results for U-Pb analyses on zircons from the Rykimékuru
metadiabase.

In order to get better material for dating, a new
sample (A815b) was taken from the Rykimékuru
mafic dyke. Sample A815b is ophitic in texture and
mainly blackish gray in color containing some light-
colored magmatic layers rich in plagioclase. Meta-
morphic hornblende containing some remnants of
pyroxene and albitized plagioclase together with sec-
ondary biotite are the main minerals, while scapolite
and leucoxene-altered titanomagnetite are common
accessories. In addition to turbid zircon the heavy
minerals separated contain transparent crystals of
zircon and baddeleyite as well as zircon-baddeleyite
aggregates. The five U-Pb analyses are less discordant
than the data from the original sample, but do not
provide any chord. Three analyses on turbid zircon are
roughly on the line defined by sample A815, but an
analysis on clear zircon (A) as well as the baddeleyite-
dominated fraction (D) give clearly older age indica-
tions exceeding 2 Ga (Fig. 16). It should be noted that
the clear zircons were picked from relatively low-
density material (<4.0 g/cm?).

There are cases where analyses on transparent
zircons, baddeleyite or titanite have provided reliable
age estimates for magmatic zircon, while turbid zir-
cons in the same rock have yielded discordant data
with relatively low 2’Pb/?*Pb ages. For example, the
Jékélaniemi mafic dyke in Kuusamo containing turbid
and transparent zircons yielded originally a poor age
estimate of about 2.0 Ga. Later, after baddeleyite and
titanite were analyzed, their results together with
transparent zircons yielded a reliable age of 2206+9
Ma as reported by Silvennoinen (1991). The same
phenomenon is also observed at Susivaara, in the
Perdpohja Schist belt (Perttunen & Vaasjoki 2001,
this volume).

The results from the Rykimékuru dyke donot allow
a confident age estimate. The two analyses on the
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clear zircon and baddeleyite plot on a line defined by
the previous sample A401 from Mairivaara, which
was considered geologically analogous. Natural inter-
pretation for the data available is, again, 1) magmatic

crystallization more than 2 Ga ago, 2) followed by
significant disturbance of U-Pbinzirconat 1.8-1.9 Ga,
and 3) finally more recent lead loss.

Felsic intrusions

A65 Kelujirvi granodiorite. Kelujirvi lies about
20 km to the east of Sodankyld (Fig. 1). The local
bedrock is composed of quartzites and associated
sericite and Al-bearing schists of the Sodankylad Group,
which are penetrated by a gabbroic intrusion. Sample
A65, taken in the 1980s, stems from the proximity of
a gabbroic massif close to a contact with sedimentary
rocks composed of fine-grained, graded biotite-sericite
schists, rich in albite. The same granodioritic rock
occurs with a gabbro close the place where the sample
was taken.

Sample A65 is a medium-grained slightly reddish
gray rock with faint orientation. It is patchy in appear-
ance, due to amphibole aggregates. The texture is
hypidiomorphic and the main minerals are plagioclase,
quartz and hornblende with some potassium feldspar
and biotite. The plagioclase (An, , ) is weakly zoned
and contains inclusions of quartz and microcline.
Some thin sections show abundant sericitized potas-
sium feldspar which contains inclusions of plagioclase
and forms intergrowths with quartz. Hornblende is
uralitic, bluish green in color and always associated
with biotite. Abundant zircon occurs as small, short,
euhedral and almost even-grained translucent crys-
tals, exhibiting well developed (100) faces. Crystal
edges are sharp and no rounded grains are found.

Results of the analyses are listed in Appendix [ and
plotted in Figure 17. Fractions D and E are preleached
in HF. All analyses are very discordant and there is a
positive correlation between increasing uranium con-
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Fig. 17. Results for U-Pb analyses on zircons from the Kelujarvi
granodiorite.

tent and increasing discordance, a feature shared by
many igneous rocks. The data provide a chord which
gives intercepts at 189145 and 106+12 Ma
(MSWD=0.8).

The upper intercept age coincides with the ages of
collision-related granitic to gabbroic intrusions of the
Svecofennian orogeny, which are common in West-
ern-Lapland and known as intrusive rocks of the
Haaparanta Suite. All the dated intrusives yield U-Pb
ages close to 1.89 Ga (e.g. Lehtonen 1984, Perttunen
1987, 1991 and Viidndnen 1998). However, rocks
belonging to the Haaparanta Suite lying as far in the
east as A65 Kelujarvi have not been recognized
before.

A570 Mustatseljit granite. Mustatseljt is a hill
area on the eastern side of the schist area, about 50 km
northeast from Sodankyla (Fig. 1). The bedrock con-
sists of sulfide- and garnet-bearing, mainly banded
amphibolites overlain by garnet-cordierite-sillimanite
gneisses and quartzites. This volcano-sedimentary
package, lying on Archean granitic gneisses with a
brecciated tectonic contact, is intruded by a reddish
granite with biotite streaks. Sample A 570 was taken
from a granite dyke, about 2 m in thickness, in order to
get some age constrains for the supracrustals. The
rock is a foliated, small- to medium-grained granitic
apophysis, which sharply penetrates the gneisses and
amphibolites.

The rock is hypidiomorphic in texture and the main
minerals are plagioclase, microcline and quartz, though
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Fig. 18. Results for U-Pb analyses on zircons from the granite
dykes.
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microcline dominates some thin sections. Plagioclase
(An,,)isrimmed with secondary albite and sometimes
itincludes a sericite-altered core exhibiting remnants
of original, euhedral crystals, up to 2 mm in size, with
weakly zoned textures. Biotite and muscovite to-
gether with monazite and apatite are common acces-
sories and, in addition to zircon, also garnet, up to 2.5
mmi insize, is frequent as an accessory mineral. Based
on mineralogy the rock can be classified as an S-type
granite.

The zircon population is somewhat heterogeneous
in size and color. Turbid, red-brown grains are com-
mon, but also transparent crystals occur. The forms
range from elongated euhedral simple prismatic to
short anhedral. The U-Pb data are presented in the
Appendix and Figure18. Most analyses on zircon are
very discordant, particularly those made on very high-
uranium, low-density material. The content of com-
mon lead is also relatively high. The regression pro-
vides intercepts at 2236+49 and 305+58 Ma, but the
data are badly scattered (MSWD=475!). The U-Pb
analyses on monazite give clearly younger age indica-
tions, the 27Pb/?*Pb age being c. 1.77 Ga. This age
registers either the intrusion of this granitic dyke or the
metamorphism in the area. It is very likely that the
upper intercept age above does not have any geologi-
cal meaning due to inherited material. S-type granites
like A570 may contain zircons derived from different
sources including both magmatic and sedimentary
rocks and, in addition, may have been mantled by a
new generation of zircon afterwards. Lauerma (1982)
reported a discordant “age” at 2216+70 Ma for the

Hatajavaara granite (A126+A640+A641)inSallaand
discussed the mixed zircon population and the origin of
this inhomogeneous granite, which also contains
supracrustal inclusions. Monazites in the Salla gran-
ites give U-Pb ages of c. 1.8 Ga and can be considered
the date the crystallization of these granites (Lauerma
1982, Huhma 1986).

A163 Neitselvaara granite pegmatite.
Neitselvaara lies in the Tanhua area about 45 km
northeast from Sodankyld (Fig. 1.). The bedrock,
mainly based on Mikkola (1937, 1941), is composed
of weakly foliated and light-colored pinkish to grayish
granite, which dominates the lithology over a large
area. At Neitselvaara the granite is quite homogene-
ous, pinkish gray in color and weakly orientated, but
it also contains inclusions rich in biotite and is pen-
etrated by granitic dykes with sharp contacts.

Sample A163, taken in the early 1980s, represents
a red-colored and coarse-grained pegmatitic granite
dyke. The zircon population is relatively uniform con-
sisting of elongated, euhedral, yellowish prisms. The
three analyses shown in the Appendix and Figurel8
give intercepts at 1808+10 and 456+66 Ma
(MSWD=0.18). Following a conventional interpreta-
tion the upper intercept obtained should be considered
as the age for the Neitselvaara granite pegmatite. This
age of c. 1.8 Ga is well within the range obtained for
late granites in Lapland. Isotopic studies indicate that
the source of these granites originated from or at least
involved Archean rocks (Patchett et al. 1981, Kouvo
et al. 1983, Huhma 1986).

Detrital zircons in sedimentary rocks

A1021 Haikaraselkid quartzite. Haikaraselké lies
in the Vuojérvi district 40 km south of Sodankylé
(Fig. 1.). The area is dominated by greenish sericite
quartzites, called the Haikaraselkd quartzite, compa-
rable to the Virttiovaara Formation as both of them
are characterized by greenish fuchsite-bearing layers
and exhibiting well-preserved ancient tidal deposits
(Nikula 1985, Riasdnen 1986b). The Haikaraselkd
quartzite reaches a probable thickness of close to
1000 m and can be followed for tens of kilometers.
It overlies the turbiditic mica gneisses associated with
the Archean felsic volcanics (A194) at Keski-Loviselka
described before.

Typically, the quartzite is fine-grained and contains
rounded to well-rounded quartz clasts in a sericite-rich
matrix. A conspicuous feature is the bright green
layers, owing to great abundance of fuchsite (1% Cr),
which also reflects in the main chemistry of the
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quartzite (Cr>650ppm). In this association there exist
brownish yellow laminae, up to 2-4 mm thick, which
are rich in rutile and zircon. Sample A1021 was taken
from these laminae which contain rounded detrital
zircons.

Analytical results are given in Appendix I and
shown in Figurel9. The six analyses on detrital zircon
are discordant and give *’Pb/*Pb ages from 2.70 to
2.75 Ga, which should be considered a minimum for
the average zircon provenance. They do not form a
precise chord, as the regression gives a MSWD of 32
and intercepts at 2856+180 and 1295+680 Ma. The
data are comparable with the results from the
Virttiovaara quartzite (Rastas et al. 2001, this vol-
ume), ¢.75 km NW, which exhibits the same
sedimentologic features and also corresponds to the
Haikaraselkd quartzite in stratigraphy. Similarly,
ionprobe analyses on detrital zircons from quartzites in
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Fig. 19. Results for U-Pb analyses on zircons from the sedimen-
tary rocks.

the Suomujarvi Complex, c. 70 km SE, are predomi-
nantly 2727+13 Maold but also indicate another, older
source (Evins 2001). So far no Proterozoic zircon
population has been obtained from these quartzites
which indicates that they derive from Archean rocks.
However, this does not exclude the Paleoproterozoic
deposition of sands.

A521 Pyhijokikuru conglomerate. Pyhdjokikuru
is in the Luosto area about 40 km southeast of
Sodankyld and 10 km west from Mairivaara (Fig. 1).
Itis ariver canyon lying in a fracture zone which cuts
the bedrock and displays a lithostratigraphic section of
it. The bedrock is dominated by reddish arkose quartz-
ites belonging to the Mairivaara Formation of the
Sodankyld Group and contain some conglomeratic
and mica-rich interlayers. Several mafic dykes, often
with albite-rich contacts, penetrate the quartzite which
has been interpreted as part of the Pyhétunturi Forma-
tion (Haimi 1977, Mielikdinen 1979). The quartzite is
conformably overlain by mafic volcanic rocks of the
Kiimaselkd Formation displaying massive flows with
amygdaloidal flow tops and tuffaceous beds. Based
on lithology and lithological similarities Silvennoinen
(1985) considered the Kiimaselké volcanics part of
the Greenstone Formation III, which represents a
plateau-type basalt and is the best stratigraphic key
horizon in the Kuusamo schist area (Silvennoinen
1972, 1991). On low-altitude geophysical maps it is
characterized by magnetic highs and can be traced
oververy large areas in the Central Lapland Greenstone
Belt. Based on similarities in lithological associations
as well as geophysical and geochemical parameters,
recent studies strongly suggest that this correlation is
still valid and the volcanics of the Kiimaselkd and
Greenstone Formation III can be compared to each
other in stratigraphy.

Sample A521 was taken from the Mairivaara For-

Geological Survey of Finland, Special Paper 33

U-Pb datings in the Sodankyld schist area, central Finnish Lapland

mation and it represents a slightly conglomeratic
interlayer of the quartzite. The rock is albitized and
mainly granoblastic in texture exhibiting only weak
clastic textures, however, it contains plenty of well-
rounded zircons of undoubted detrital origin. Further-
more, there are two kinds of zircons, some having red
pigment, while others are gray in color and do not show
any pigment at all.

Only two analyses of zircons with red pigment
were made, and both indicate an Archean age. The
207Pb/2%Pb age of 2.84 Ga for the less discordant
analysis suggests a relatively old average age for the
provenance. This apparent age is quite close to the
U-PDb age of 2832410 Ma of a uniform detrital zircon
population of the quartzite at Virttiovaara (Rastas et
al. 2001, this volume) and gives more evidence for
the existence of Archean rocks older than 2.8 Ga,
which have been exposed and denuded while the
Paleoproterozoic sands were deposited.

A1434 Pyytovaara volcanic conglomerate.
Pyytovaara lies about 15 km southwest of Savukoski
(Fig. 1). The local bedrock consists of mafic and felsic
volcanics with a BIF, which are overlain by volcanic
conglomerates and komatiites (Rdsdnen 1983). The
volcanics were formerly known as the Jauratsi
greenstone belt and, as age determinations were lack-
ing, regarded as Archean in age (Gaal et al. 1978 and
Silvennoinen et al. 1980). Later Saverikko (1983)
observed that the komatiites are the uppermost vol-
canic rocks in the area but afterwards still considered
them of an Archean age (Saverikko 1987).

During the mapping by GTK in the 1980s many
samples from felsic volcanic rocks were taken to get
some age constraints for the overlying komatiites,
called today the Kummitsoiva Formation, but no zircon
was found. Sample A1434 was taken later and it is a
light-colored, fine-grained felsic boulder (about 1 m?
in size) at the base of a volcanic conglomerate, which
also contains phenoclasts of a banded iron formation.

The felsic boulder consists mainly of quartz and
plagioclase (An, ) but also contains abundant
tremolite and some microcline. Almost euhedral
plagioclase crystals, up to 0.4 mm in size, exist but
there are also roundish quartz crystals, up to 0.5 mm
in size, indicating that the rock is reworked. Zircon and
apatite are common accessories. The zircons are trans-
parent and reddish in color. However, all zircon
crystals seem to be slightly rounded and some of them
are clearly rounded and evidently detrital in origin.
This conflicts with the original attempt to constrain the
age of deposition of these supracrustal rocks by dating
a felsic igneous clast.

The four analyses listed in the Appendix are tech-
nically very good, but provide discordant U-Pbresults
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(Fig. 19). The *"Pb/?*Pb ages range from 2.43 to
2.53 Ga and represent the minimum age for the
analyzed material. These results do not help much in
constraining the age of the Kummitsoiva Formation.
However, it is known today, that the Kummitsoiva
komatiites are correlative to the komatiites of the
Sattasvaara Formation, in Sodankyld, and on well
proven lithostratigraphic grounds can be regarded as
Proterozoic in age (cf. Rédsénen 1990, 1996 and
Lehtonen et al. 1998). Recently Hanski et al. (2001)
have obtained a Sm-Nd age of 2063434 Ma for the
Jeesidrova komatiites at Kittild. This is an extensive
komatiite-picrite association which can be traced for
hundreds of km through the Finnish Lapland to Nor-
way, where Krill et al. (1985) have reported a Sm-Nd
age at 2085+85 Ma for the Karasjoki komatiites.
A1521 Pyhidlampi polymictic conglomerate.
Pyhélampi lies about 40 km southeast from Sodankyla
on the western side of Luostotunturi (Fig. 1). The local
bedrock consists of conglomerates and quartzites of
the Pyhétunturi Formation, which belong to the Kumpu
Group. Hematite- and carbonate-bearing fine-grained
schists together with graded siltstones and pinkish
quartzites of the Harjunoja Formation and mafic
volcanics of the Kiimaselkéd Formation belong to the
Sodankyld Group. Diamond drilling has shown that the
mafic volcanics of the Kiimaselkd Formation overlie
the supracrustals of the Harjunoja Formation, which
also includes some felsic volcanic rocks but is compa-
rableinlithology and in stratigraphy with the Akankoski
Formation on the eastern side of the Pyhétunturi
Formation. The Pyhdlampi conglomerates represent-
ing the coarse-clastic molasse-type deposits are the
same as described by Résénen and Mékeld (1988) at
base of the Pyhitunturi Formation and called then the
Isokuru Formation. At Pyhdlampi this highly polymictic
conglomerate exhibits meters of thick alternating sandy
and pebbly layers, some of them containing abundant
boulders and cobbles of homogeneous red granite with
bluish gray quartz. Because similar granites occur
nearby at Vaiskonselké in the Central Lapland Granite
Complex and are generally regarded as post-orogenic,

Other

Attempts to determine the geochronology of Cen-
tral Lapland have involved the collection of many
samples during the last decades. Some of them have
yielded no suitable material for dating, and are listed
below (Table 1).

A1433 Visakuppura. At the base of the Sattasvaara
Formation at Visakuppura, about 30 km NNW of
Sodankyla (Fig. 1), there exist fragments and angular
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c. 1.8 Gaold (see Korsman et al. 1997), a sample was
taken to get maximum age constraints for the deposi-
tion of the coarse-clastic sediments.

Sample A1521 was a well-rounded boulder, about
35 cm in diameter taken from a layer containing
abundantly pebbles and cobbles of similar granite. The
rock is a medium-grained and unorientated red gran-
ite. Its texture is hypidiomorphic and the main minerals
are microcline, plagioclase and quartz. Both feldspars
are turbid andreddish in color due to abundant pigment
of dust-like hematite, and also contain hematite-filled
fissures. Quartz is transparent and exhibits almost
euhedral crystals, 2-4 mm in size. It contains com-
monly abundant linearly aligned minute inclusions of
rutile, which probably cause the bluish color of quartz.
The most common accessory mineral is hematite,
which exists as platy crystals up to 3 mm in size. The
amount of magnetite and biotite is insignificant.

The sample yielded a small amount of zircon, which
is relatively large in size and dark red-brown due to
pigment. Crystals are generally euhedral exhibiting
often sharp edges. The two U-Pb analyses are very
discordant providing *’Pb/?*Pb ages of c. 2.1 Ga
(Fig. 19). This should be considered as aminimum age
for the material analyzed, but the age of this granite
pebble remains obscure. The results obtained do not
give essential information on the age of sedimentation,
but on sedimentogenic grounds the Pyhétunturi For-
mation can be compared to similar deposits of the
Kumpu Group also characterized by molasse-like,
several hundreds of meters thick coarse-clastic de-
posits. They all are well-preserved, and typically
longitudinal in shape but areally very restricted in
width. Recently a U-Pb age of 1888+16 Ma has been
obtained for a felsic pebble picked from conglomer-
ates of the Kumpu Group in Kittild (Hanski et al., 2000,
Rastas et al. 2001, this volume). The age supports
their deposition after collision-related intrusion of the
Haaparanta Suite during the Svecofennian orogeny,
which indicates that they are comparable to the
molasse sediments proper in a tectonic sense.

samples

boulders of fine-grained felsic rocks of probably vol-
canic origin with highly corroded contacts because
they are affected by the komatiite. Sample A1433 was
taken from a felsic boulder to get some age constrains
for the Sattasvaara Formation but separation yielded
no zircon.

A1435 Moykkelma. The Moykkelméd Formation
about 35 km NNW of Sodankyléd (Fig. 1) lies on



Geological Survey of Finland, Special Paper 33

U-Pb datings in the Sodankyld schist area, central Finnish Lapland

Table 1. Samples with insufficient material for U-Pb dating from the Sodankyla area.

Sample Map Northing Easting Locality Rock type
A1433 371405 7507.04 3470.38  Visakuppura Andesite (ejecta in komatiite)
A1435 371406 7510.50 347210  Moykkelméa Andesite (basaltic)
A1476 362412 7456.40 3491.25  Keski-Luosto Dacite (felsic volcanics)
A1522 362409 7458.90 3487.30 Vaiskonselka Granite
A1573 362411 7448.92 3493.32  Luosto Arkosic quartzite
A1575 364201 7433.32 3504.54  Sienioja Dacite (felsic volcanics)

Archean granitoids and consists of two ultramafic and
three mafic volcanic units of unknown age. Sample
A1435 was taken from the basaltic andesite member
representing the middle mafic unit but no zircon was
recovered.

A1476 Keski-Luosto. The Harjunoja Formation,
penetrated by 2.2 Ga old differentiated sills (A281
Harjunoja, described above), consists of sedimentary
and volcanic rocks. The supracrustals are poorly
exposed and a part of them has been intersected by
diamond drilling made by Rautaruukki Co. in 1970s.
The drill cores have been reinvestigated and sample
Al1476, taken recently from these drill cores, repre-
sents a plagioclase-phyric felsic flow, andesite in
chemical composition, associated with felsic tuffs and
breccias. No zircon sufficient for conventional U-Pb
analyses was recovered.

A1522 Vaiskonselki. Vaiskonselka is 25 km SSE
from Sodankyla (Fig. 1). The area consists of medium
grained red granites characterized by blue quartz and
closely resembling boulders and pebbles found in
conglomerates at base of the Pyhéatunturi Formation
(A1521 Pyhélampi, described above). Sample A1522
was taken from the granite and it contains zircon and
alotofrutile, butas the zircon population is obviously

heterogeneous conventional analyses have been not
done.

A1573 Luosto. Sample A1573 taken from the
Luosto area about 30 km SSW of Sodankyla (Fig. 1)
represents a quartzite layer of the Pyhdtunturi Forma-
tion. A small amount of zircon was found among
abundant rutile, but no conventional analyses have
been made.

A1575 Sienioja. Sienioja lies roughly 50 km SSE
from Sodankyld on the southern side of Pyhétunturi
(Fig. 1). Sample A1575 was taken from a drill core
made by GTK some years ago. It is a very fine-grained
felsic volcanic rock, chemically a andesite, associated
with fragmental and graded tuffites resembling the
sample A1476 Keski-Luosto. Only a few zircon grains
were recovered.

Jauratsi is about 20 km southwest of Savukoski
(Fig. 1). In this area, there exist mafic and felsic
volcanic rocks associated with a banded iron forma-
tion. They lie on quartzites and the whole sequence is
overlain by komatiites of the Kummitsoiva Formation
comparable to the Sattasvaara Formation. Three sam-
ples were taken from felsic volcanic rocks during
regional mapping in the 1980s, butno zircon was found
in these amygdaloidal lavas and breccias.

DISCUSSION

Dating problems

The mostreliable U-Pb dating often involves heavy,
clear zircon, and nearly concordant analyses. In this
study such material and data are not generally avail-
able, and the U-Pb dating always involves interpreta-
tion of the analytical results. As the data are often very
discordant and heterogeneous, the drawing of reliable
conclusions becomes difficultifnot impossible. Occa-
sional analytical problems are conceivable, as the old
analyses have been made using separate Pb and U
spike solutions. However, several duplicated analyses
in the laboratory have yielded consistent results, and
the principal source for heterogeneity should be in
zircon. Possible reasons for scatter in multigrain con-
ventional data include primarily heterogeneous zircon

populations (detrital or inherited zircon) and metamor-
phic effects.

It is known that zircon will stay closed at high
temperatures (e.g. 800°C), but may lose Pb if it
experienced extended time periods at low tempera-
tures especially when abundant fluids were available
(Mezger & Krogstad 1997). Apart of clearly detrital
or inherited material encountered in few samples, we
consider this as the principal cause for the heteroge-
neity observed in this study as (1) magmatic crystalli-
zation occurred before 2 Ga and was (2) followed by
disturbance of U-Pb system at 1.8-1.9 Ga, which may
have involved dissolution and recrystallization of
metamictzircon. Finally, (3) morerecent lead loss may
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have occurred.

A sample subjected to this sequence should gener-
ally provide very scattered data (A862, Fig.14), but
occasionally good-looking chords with geologically
meaningless upper intercept ages are formed (A815,
Fig.16). Generally, such chords exhibit elevated
MSWD-values and apparent upper intercept ages too
young for magmatic crystallization in the particular
geological environment. This may be the case with the
metarhyolites from the Purkkivaara formation (A992
and A1524),as well as gabbroic rocks from PittiGvaara
(A841),Mairivaara (A741-A734)and Luosto (A815).
Typically zircons in these gabbroic rocks are very

Geological

The results of the isotopic analyses presented pre-
viously are summarized in Table 2.

The extent of Archean rocks

Inthe northeast, the Sodankyléd schistareais bounded
by an Archean terrain, which—excluding the gneisses
of Tuntsa Suite northeast of Savukoski - is thought to
consist mainly of orthogneisses. However, during this
study both ortho- and paragneisses have been ob-
served. Similar gneisses are also found on the south-
ernside ofthe area, and at Keski-Loviselké they occur
with a felsic volcanic rock yielding an age of c. 2.77
Ga. In addition, associated turbiditic greywackes
strongly suggest the contemporaneity of sedimenta-
tion and volcanism at that time, which is well-known
inthe Canadian Shield (e.g. Ojakangas 1985) and also
reported from the Fennoscandian Shield (Rundquist &
Mitrofanov 1993, Vaasjokietal. 1993). These gneisses
can be followed northwestwards into the Central
Lapland Granite Complex and, Archean ages of c.
2.72 -2.74 Ga are obtained from felsic volcanic rocks
at Honkavaara (Rastas et al. 2001, this volume),
about 35 km W of Sodankyl4.Likewise the gneisses
can be traced far southeastwards into the Archean
Suomujirvi Complex, where they are highly granitized
butstill contain porphyroblast-bearing parts, traceable
for tens of km southwards into the Posio area. At
Niskavaara, Posio, on the western side of the Kuusamo
Schist area, a felsic volcanic rock associated with
turbiditic gneisses has a U-Pb zircon age of 2800+8
Ma, and Rédsdnen and Vaasjoki, (2001, this volume)
argue that all these rocks belong to the same volcanic-
sedimentary unit.

These findings suggest the presence of an extensive
late Archean volcanic-sedimentary belt on the south-
eastern side of the Central Lapland Greenstone Belt
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turbid and of low-density. Examples show that trans-
parent zircon, baddeleyite or even titanite have pro-
vided more reliable age estimates, while turbid zircons
in the same rock have yielded discordant data with
relatively low 27Pb/?*Pb ages (Silvennoinen, 1991,
Lauerma, 1995; Perttunen & Vaasjoki 2001, this
volume; sample A861D).

Apart from zircon dating, there are occasionally
problems in determining the primary rock types in
highly metamorphosed and tectonized lithologies, i.e.
whether a sample in question is truly magmatic with
magmatic zircon or contains a detrital component.

implications

and continuing within the Central Lapland Granite
Complex. The gneisses are magnetic and, though
granitized, can be seen as banded magnetic anomalies
forming images of large scale fold structures on low-
altitude geophysical maps. This gives reason to pre-
sume that the Central Lapland Granite Complex
includes much more Archeanrocks and their granitized
relicts than previously thought. So far this huge
granitoid terrain, about 20 000 km?, is poorly known,
but it seems likely that the Suomujirvi Complex,
separated from the rest of the Central Lapland Gran-
ite Complex by a fault, actually comprises mostly
Archean rocks. The basement consists 0f2.82 Ga old
orthogneisses, which are penetrated by 2.75 Ga gra-
niticrocks and also includes paragneisses and quartz-
ites containing zircons older than 2.72 Ga (Evins
2001). Felsic volcanics are yet to be recognized as the
rocks were highly granitized and partly remobilized
during the Svecofennian orogeny. Migmatites and
penetrating granites yield heterogeneous and discord-
ant zircon data with 27Pb/?Pb ages from 1.77 to
2.22 Ga (Lauerma 1982) comparable with the
granitoids in the Tanhua area (A163, A570), on the
northern side of the Central Lapland Greenstone Belt,
indicating their similar geological history.

The age of the komatiites at Kivivuotsonselkd can
not be compared to that of the komatiites of the
Archean Kuhmo-Suomussalmi belt, which are pen-
etrated by intrusive rocks dated at2.74 Ga (Hypponen
1983, Vaasjoki et al. 1999). Likewise, the ultramafic
volcanic rocks of the Tulppio Suite in the Archean
terrain north of Savukoski seem to be older (Juopperi
1994, Juopperi & Vaasjoki 2001, this volume). The
Paleoproterozoic komatiites of the Vetreny Belt, in
Russia, yield Sm-Nd ages 0f2.44 Gaand 2.41 Gaand
an associated felsic volcanic rock yields a U-Pb age
at 2.43 Ga (Puchtel et al. 1996, 1997). However, the
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REE-patterns of the Kivivuotsonselkd spinifex-
textured komatiites show no signs of LREE-enrich-
ment characteristic of the crustally contaminated rocks
of the Vetreny Belt. Likewise, the Kivivuotsonselka
rocks differ chemically from the Moykkelméa komatiites
(Résdnen et al. 1989, Manninen 1991). Also a com-
parison to the Sattasvaara-type Kummitsoiva
komatiites is unwarranted as the komatiite flows at
Kivivuotsonselkd lie on Archean banded gneisses
and are probably overlain by a pile of supracrustals
which form the base of the Kummitsoiva komatiites.
As the rocks do not contain any primary magmatic
minerals, successful Sm-Nd dating is unlikely, and
the true age of these komatiites remains unknown.

Felsic volcanism and layered mafic
intrusions

An important finding concerning the Proterozoic
supracrustal rocks within the Sodankyld Schist area is
that the lowermost felsic flows at Sakiamaa yield an
age of 2.43 Ga, comparable to ages obtained for the
Purkkivaara and Akanvaara felsic volcanics. These
are convincing evidence for volcanism at the start of
the rifting of the Archean continent at the onset of the
Paleoproterozoic coinciding with the emplacement of
layered mafic intrusions at 2.43-2.44 Ga. Although
volcanic rocks of this age have been previously iden-
tified elsewhere in the Fennoscandian Shield (Kratz et
al. 1976, Gorbunov et al. 1985, Amelin et al. 1995,
Puchtel etal. 1996, 1997), such volcanism has notbeen
conclusively demonstrated in northern Finland before,
even if several plausible candidates have been identi-
fied. These studies (see also Manninen etal. 2001, this
volume) indicate that the volcanic rocks forming part
of the 2.44 Ga igneous episode occur throughout the
Fennoscandian Shield.

Periods of mafic magmatism

In spite of the dating problems discussed above,
several samples from mafic intrusions have provided
good results sufficient for constraining the age of
mafic magmatism and associated supracrustals in the
Sodankylé schist area. The data obtained show clearly
that, in addition to the 2.44 Ga old Koitelainen and
Akanvaara intrusions, there exist several younger
generations of mafic magmatism, with U-Pb ages of
222246 Ma, 2148+11 Ma, 2114+6 Ma, 2070+5 Ma
and 2055+5 Ma. In addition to these, the 2058+4 Ma
Keivitsa intrusion is cut by komatiite dykes.

The differentiated sill-like mafic intrusions, dated to
be 2222+6 Ma old at Harjunoja, penetrate quartzites
with associated dolomites and schists of the Harjunoja
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Formation, which lies at the base of the Sodankyla
Group and will be compared here to the Jatuli-type
rocks in eastern Finland. The intrusions are older than
the volcanics of the Kiimaselkd Formation as they do
not penetrate those. On the basis of geochemistry they
can not be feeder channels for the Kiimaselkd vol-
canic rocks. In addition to the Sodankyld schist area,
similar intrusions occur also at Salla, where U-Pb ages
of c. 2.21 Ga are observed both at Pirtinkehékukkura
and at Jokinend (Lauerma 1995). The Jékéldniemi
mafic dyke in Kuusamo also yields an age of ¢. 2.21
Ga (Silvennoinen 1991) and in the Perdpohja schist
area there exist several differentiated mafic intru-
sions, which belong to this age group (Perttunen &
Vaasjoki 2001, this volume). These intrusions con-
centrate on the borders of Proterozoic volcano-sedi-
mentary belts and penetrate their lowermost
supracrustal rocks forming a belt, which can be fol-
lowed on outcrops and as magnetic highs for hundreds
of kilometers. Evidently these rocks are genetically
associated with a rifting phase of the Archean craton,
which occurred 2.22-2.20 Ga ago and gave rise to
these enormous magmas. Their initial Nd-ratios are
close to chondritic values (Huhma et al, 1990, 1996).
Volcanic counterparts for them have not so far been
recognized in northern Finland.

The mafic intrusions yielding U-Pb ages between
2.15 and 2.11 Ga are mainly gabbroic in composition
and commonly slightly differentiated but include also
albitites and albite-magnetite rocks. These intrusions,
often characterized by alternating plagioclase- and
amphibole-rich magmatic layers, are common in the
study area. The Hf and Nd isotopic data (Patchett et
al. 1981) of the Rantavaara intrusion indicate that it
stems from a depleted mantle source, but no isotopic
source rock studies have been done on the other
intrusives of this group. Most probably the intrusives
have volcanic counterparts in the area, but the rela-
tionships between the various volcanic rocks and sets
of'dykes are still obscure. In any case, these intrusions
penetrate the graded Al-rich mica schists on top of the
Sodankyla Group, but so far there is no evidence that
they would penetrate the black schists at the base of
the Savukoski Group.

The third group of mafic intrusions consists of
gabbros and mafic dykes, which yield ages in the 2.07-
2.05 Marange, and penetrate the Matarakoski Forma-
tion ofthe Savukoski Group. Most of the intrusions are
almost undifferentiated dykes with ophitic texture but
they also include gabbroic rocks, which exhibit mag-
matic layering and contain both pyroxene- and albite-
bearing derivatives. It has been confirmed recently
that this magmatic phase also includes large ore-
bearing layered intrusions like the 2.06 Ga old Keivitsa
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mafic-ultramafic intrusion (Mutanen 1997, Mutanen
& Huhma 2001, this volume), which lies in the
northern part of the Sodankyléd Schist area. Both Hf
and Nd isotopic data (Patchett et al. 1981; Huhma et
al. 1995, 1996), indicate that the source material of
these intrusions was crustally contaminated when
compared to a depleted mantle source. Recently
Hanski et al. (2001) have obtained a Sm-Nd mineral
age of 2.06+0.04 Ga for the komatiites in Kittil& and
demonstrated that also the extensive Sattasvaara-
type komatiites belong to this magmatic episode.
There is no reason to be suspicious of that age result,
especially as field observations indisputably show that
several basaltic and peridotitic komatiite dykes also
penetrate the Keivitsa intrusion. Mutanen (1997) called
them olivine diabases and based on later investigations
they are chemically similar to the komatiites of the
Sattasvaara Formation and will be described in an-
other paper. The dating of these dykes is yet to be
completed.

Younger igneous rocks

With regard to the younger intrusive rocks in the
study area, it is worth to note that the U-Pb zircon age
of 1891+5 Ma from the granodiorite at Kelujarvi
represents the age of the Haaparanta Suite of intru-
sions. These relatively homogenous rocks have been
found previously in northern Finland only in western
Lapland, butaccording to this study, the occurrence of
the Haaparanta Suite rocks is areally not so restricted.
Actually, it is logical to assume that they occur in
eastern Lapland as well, as the extensive granitic
rocks of the Central Lapland Granite Complex con-
tinue eastwards for more than 200 km up to the
Kuusamo schist area. In contrast, the granites of the
Tanhua district on the eastern side of the Sodankyla
schist area are heterogeneous S-type granites, which
is also apparent from their discordant zircon popula-
tion. The granite at Mustatseljat is garnet-bearing and,
like the Hetta-type granites, contains in places
supracrustal inclusions. At Neitselvaara they are cut
by a pegmatitic granite dyke, which gives an age of
1808+10 Ma. This age is within the range obtained
for late granites in Lapland, and together with U-Pb
ages on titanites and monazites (e.g. Lauerma 1982)
manifest the widespread 1.8 Ga thermal episode in
Northern Finland.

Concluding remarks
The conventional U-Pb data reported in this paper

have provided a geochronological framework for the
evolution in Central Lapland. Several stages of mag-

matic activity spanning the period 2.43 - 1.80 Ga have
been defined, which in early stages are related to
continental rifting and later to orogenesis and rework-
ing. However, the results for many samples have
remained inconclusive, and more sophisticated meth-
ods are needed in order to unravel these problems.
The contribution from Archean crust is evident in
many Paleoproterozoic geological processes in Cen-
tral Lapland, but the extent of Archean supracrustal
rocks remains controversial. These problems are met
especially in the Vuojarvi area (Fig.l1) and at
Honkavaara c. 30 km west of Sodankyla, where fine-
grained felsic rocks interpreted as volcanic in origin
have provided Archean age estimates (A194, A195
and Rastas et al. 2001, this volume). Several lines of
evidence suggest that the bulk of the supracrustal
rocks in the Honkavaara area are Paleoproterozoic in
origin. These include the moderately enriched 8'*C
value at +5.94£0.7 of the Kuoninkivaara dolomites
suggesting a probable age under 2.2 Ga for these
sedimentary deposits (Karhu 1993). Honkavaara lies
in a highly tectonized and altered zone, where the
bedrock is cut by a major thrust (the Sirkka Line) and
is characterized by several faults and small thrusts
associated with tectonic breccias. Accordingly,
Lehtonen et al (1988) have interpreted the felsic
volcanics as an Archean tectonic wedge enclosed by
Paleoproterozoic rocks.
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U-Pb datings in the Sodankyla schist area, central Finnish Lapland
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