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Rb-Sr age determination on mica and whole-rock samples and K-Ar age deter-
mination on hornblendes were carried out to get information on the time of metamor-
phism and early cooling in two Proterozic areas of the Finnish Svecokarelides. In
the Joroinen-Sulkava area (southern Finland) a whole-rock isochron of 1812 +45Ma
on metapelitic gneisses reflects the time of amphibolite-facies metamorphism. A
1875 + 17Ma whole-rock isochron on a quartz-diorite of the granulite-facies Pie-
lavesi area (central Finland) may date an earlier high-grade metamorphic event, the
low 87Sr/86Sr initial ratio of 0.7018 can be explained only by a shift or rotation
of the isochron postdating its age. The disturbation of the whole-rock system could
be related to the 1800—1820Ma metamorphism dated in the Joroinen-Sulkava area.
A lower limit for the age of the isochron-shift is given by 1750—1790Ma biotite
ages. The 1800—1820Ma metamorphic event seems to have been weaker in central
than in southern Finland while the 1875Ma metamorphism seen in central Finland
(Pielavesi) is absent or completely overprinted in the south.

Muscovite Rb-Sr and hornblende K-Ar ages date the cooling of the areas to about
500°C. Muscovite ages vary between 1730Ma and 1770Ma for different localities.
Five fractions of two hornblende samples define an isochron of 1778Ma on the
40Ar/36Ar versus 40K/36Ar diagram. In one locality (Vierema) the hornblende ages
(1995—2143Ma) are remarkably higher than the age of the muscovite (1828Ma).
The hornblende ages were interpreted as having a pre-metamorphic memory, being
of Jatulian or late Archean origin. The blocking-temperature for argon in horblende
therefore should be somewhat higher than the blocking-temperature of muscovite
in respect to the Rb-Sr system.
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Introduction the same rock or geological unit have been widely
used to evaluate cooling and, presuming the

Different blocking-temperatures of the U-Pb, paleothermogradient is known, uplift histories of
K-Ar and Rb-Sr systems in various minerals of  plutonic and metamorphic terrains (Harper 1967;
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Wagner et al. 1977; Mattinson 1978). The con-
dition for the evaluation of cooling histories ac-
cording to the ages of different minerals meas-
ured by the use of different radiogenic systems
is a proper knowledge of the closure temperature
of the minerals used, e.g. the temperature at
which no radiogenic parent and daughter-
products are lost from the analyzed material by
diffusional exchange or reaction. For volume
diffusion the effective closure temperature of any
mineral has been shown to vary with the effec-
tive diffusion radius (typically assumed to be the
grain size) and cooling rate (Dodson 1973). Due
to the rate of diffusion diminishing with decreas-
ing temperature, the closing will proceed from
the center of a mineral to the rim leading to
closure profiles as described by Dodson (1986).
Closure temperatures and therefore measured
ages should be related to the effective diffusion
radius (grain size) of the analysed minerals.

The closure temperature of a radiogenic sys-
tem in a certain mineral has been defined by Dod-
son (1973) as the temperature present at the time
corresponding to the apparent age.

Jager (1977) used blocking-temperatures of
500°C, 350°C and 300°C for the Rb-Sr system
on muscovite, K-Ar on muscovite and K-Ar on
biotite respectively, the blocking-temperture for
the K-Ar and the Rb-Sr systems in biotite being
about the same. The closure temperature of the
Rb-Sr system in alpine biotites has been calcu-
lated mathematically (Dodson 1973) assuming
that resetting of radiogenic ages is ruled by vol-
ume diffusion of the radiogenic daughter iso-
topes, fitting well with the above mentioned tem-
perature of 300°C. A possible difficulty in the
interpretation of biotite Rb-Sr ages has been
pointed out recently by Giletti and Farver (1988)
and Farver and Giletti (1989). Biotite may be the
last Sr-bearing mineral to close in rocks of that
composition and therefore, after the closure of
the second-last mineral, has no possibility of fur-
ther ion exchange. In this case, the measured
biotite age therefore might be higher than the age

corresponding to its effective closure tempera-
ture.

In contrast to volume diffusion, reaction of the
mineral during metamorphic reheating or slow
cooling may reset the age abruptly without leav-
ing any closure profile. The formation of secon-
dary minerals such as sphene or ilmenite in bio-
tite, if formed at temperatures around 300°C may
be the explanation for the constancy of biotite
blocking-temperatures independent of the actu-
al mineral grain size (J4ger pers. comm.). The
temperature controlling the age system will then
correspond to the lowest temperature at which
biotite can react forming Ca-phases which will
accept the (radiogenic) strontium, where volume
diffusion might occur at even lower temperatures
as a superimposed effect. In this connection it
might be necessary to define the term closure-
temperature as the temperature at which in a
given mineral lattice no diffusional exchange of
any specific element is possible any more, while
the term blocking-temperature refers to the tem-
perature related to the measured mineral age. The
terms will be used in this sense within this paper.

Estimates for the blocking-temperature of U-
Pb in zircon, sphene and apatite are given by
Mattinson (1982) as >600°C, 450—500°C and
400°C respectively. The blocking-temperature for
U-Pb in monazite has been estimated to be about
530°C by Wagner et al. (1977), a higher block-
ing-temperature around 720—750°C has been
reported by Copeland et al. (1988). Besides the
blocking-temperature of any mineral, the temper-
ature during a metamorphic overprint at which
the mineral will start losing radiogenic daughter
products by diffusional exchange or reaction is
of major importance for the interpretation of
mineral age data. The temperature of the first
lead loss of monazite and also zircon will depend
on the conditions of the crystal lattice, e.g. the
grade of metamictisation and therefore the ura-
nium content and the age of the mineral. The
metamict crystal will lose lead at fairly low tem-
peratures, at which the lattice will be healed.
Radiogenic lead thereafter may be accumulated
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Fig. 1. Map of Southern Finland showing the main sulphide ore belt (after Neuvonen et al. 1981) and the localities used

in the text.

again even at rising temperatures. If the
metamorphism reaches a temperature at which
the undisturbed crystal opens, the isotopic age
will define the cooling to the temperature where
lead is accumulated again. If low-grade meta-
morphic temperatures do not allow the un-
disturbed crystal to open, the time of the first
healing will be registered. A third possibility is
the formation of monazite and especially sphene
during metamorphism. If minerals form below
their blocking-temperature, the age determined
would represent a formation age.

The blocking temperature for amphiboles as
well as its ruling parameters are still controver-

sial. A higher argon retention by hornblende than
by biotite has been described in contact meta-
morphic terrains analyzing host rock minerals at
different distances from the contact (Hart 1964,
Hanson and Gast 1967). Differences in the block-
ing temperature of blue amphibole and horn-
blende have been recognized by Coleman and
Lanphere (1971). Harrison (1981) suggested
hornblende blocking temperatures between
490—550°C. Dallmeyer and Rivers (1983) used
500°C as blocking temperature to interprete their
hornblende data. McDowell et al. (1984) pro-
posed a temperature of 350°C for the retention
of argon in glaucophane. Onstott and Peacock
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(1987) proposed differences in the Fe/(Fe+
Mg + Mn) ratio as the reason for different block-
ing temperatures although Harrison (1981) states
that »diffusity of argon in hornblende is not sen-
sitive to its Fe/Mg ratio».

Besides their chemistry, the microstructure of
amphiboles seems to be another parameter caus-
ing differences in their blocking temperatures.
Small lamellae of some um width of hornblende
with intergrown cummingtonite (Harrison 1986)
as well as phyllosilicate inclusions of the same
order of size (Onstott and Peacock 1987) might
provide paths for enhanced argon diffusion rates,
thus affecting the effective diffusion radius and
therefore the blocking-temperature of horn-
blende. Onstott and Peacock (1987) calculated
blocking temperatures of 412—451°C using the
width of the lamellae- and 503—562°C using the
grain size as distance of diffusion, a temperature
corresponding well with a temperature of 580°C
proposed by Harrison (1981), speaking for a reac-
tion more than a volume diffusion process rul-
ing the reset of the radiogenic age.

The present study aimed at forming a model
for the evolution and cooling history of the
Svecokarelidic orogenesis on the base of radio-
genic age determination using the above men-
tioned methods on plutonic and metamorphic
rocks of two different areas of Central Finland.

A number of K-Ar biotite and muscovite ages
of the areas of Pihtipudas-Vaaraslahti-Iisalmi
and Joroinen-Sulkava have been published previ-
ously (Korsman et al. 1984, Haudenschild 1988b)
giving a differentiated picture of the cooling to
300°C. Zircon, monazite and sphene U-Pb ages
were available for the area of Pihtipudas (Aho
1979) dating the age of the intrusion of synoro-
genic plutonic rocks and their metamorphic over-
print. Additional U-Pb ages were published for
both areas (Salli 1983; Korsman et al. 1984; Vaas-
joki and Sakko 1988). Age data of bordering
areas (Gorkov et al. 1970; Lehtovaara 1972; A.
Huhma 1981; H. Huhma 1986; Paavola 1986)
helped a lot in understanding the events dated in

context with the large scale events of the
Svecokarelic orogenesis.

Summary of geology

The Pihtipudas-Iisalmi and Joroinen-Sulkava
areas lie within the eastern part of the
Svecokarelian units, close to the Raahe-Ladoga
schist zone (Marttila 1976), or the so-called main
sulphide ore-belt (Neuvonen et al. 1981) (Fig. 1)
crossing Finland NW-SE from the northern end
of the Baltic sea to lake Ladoga, thought to
represent the suture line between Svecokarelic
orogenic rocks and the Archean basement (Kors-
man 1988).

Lithologically they are composed mainly of
basic- to intermediate metavolcanic and interca-
lated metapelitic rocks and synorogenic dioritic
to tonalitic gneissic intrusives. The grade of
metamorphism varies from lower amphibolite to
granulite facies. The two areas show some litho-
logical similarities, although their metamorphism
»differs in both type and time» (Holttd 1988).

Both areas are crossed by deep-seated fault sys-
tems trending NW-SE through Finland, of which
the Kinturi-fault (Fig. 2) has been shown extend-
ing to the moho (Holttd 1988). Four different
directions of tectonic lineaments were described
in the area of Tervo (Pajunen 1986) south of Pie-
lavesi, leading to the formation of a mosaic-like
structure of the crust (Harme 1961).

The Pihtipudas-lisalmi region has been
described in detail by Aho (1979), Marttila
(1976), Salli (1983), Korsman et al. (1984) and
Holttd (1988). It can be devided into six blocks
of different metamorphic overprint (Holttd
1988), from west to east: Pihtipudas, Korppinen,
Pielavesi, Osmanki, Lampaanjirvi, Vieremi,
partly separated by fault-lines, the Vieremé block
bordering the Archean basement in the east (Fig.
2). The western margin of the Lampaanjirvi
block has been contact-metamorphically over-
printed by a suite of pyroxene bearing granitic
to monzonitic intrusions (Vaaraslahti intrusive).



Cooling history of the eastern svecokarelides: Whole-rock and mica Rb-Sr and hornblende K-Ar ages in the... 43

* .| Basement A | Muscovite A

A
\
\

Granitoid

A0\ Osmanki

U\

lz] Andalusite
E—] Isograd

Hbl

Gabbro

KAW 2570

Hbl
KAW 2573

Gneissic Tonalite

Hypersthene-Granite

Epidote ]E] Block
Boundary
Cordierite
Sillimanite
Hypersthene
10km
Garnet
t\:\\\\\\\\\\':\\§\51+T+T+Y1
3 Z Mica
1Y U] KAw 2559

Whole-Rock
KAW 2839-
KAW 2843

Mica

KAW 2572

\j‘\?

Hbl

KAW 2583
¢
Whole-Rock ; i
KAW 2844- { ros it
A Lampaanjarvi
Mica
KAW 2578
TN
il S T
Vi ottt +
Kirkkosaari,* *,+ * 4|
\"F'++++++++++

Fig. 2. Tectono-metamorphic map of the Pihtipudas-lisalmi area (after Holttd 1988) showing the sample localities.

The overprint can be mapped by the aid of dif-
ferent isograds (Holtta 1988), having lead to a
rise in temperature from the stability field of
muscovite outside the contact-metamorphic in-
fluence, to granulite facies conditions at the im-
mediate contact to the granite. Besides their
differences in metamorphism, the different
blocks can be distinguished by different litholo-
gies corresponding to formation and overprint in
different levels of the crust therefore having had
different uplift histories, being brought to jux-
taposition about 1600Ma ago (Haudenschild
1988b).

Detailed investigation of the Joroinen-Sulka-
va area were carried out by Gaal and Rauhamaki
(1971), Paavola (1976), Korsman (1977) and

Korsman et al. (1984). Progressive metamor-
phism increasing from north to south is explained
by the surface dipping slightly towards the north
(Korsman 1977), the temperature having been
lowest (lower amphibolite facies) in Rantasalmi,
increasing towards the south to granulite facies
conditions. The forming of a thermal dome in
the southern part of the area (Sulkava) lead to
a rise in temperature at isostatic conditions, caus-
ing partial melting of the pelitic rocks and the for-
mation of a migmatitic potassiumfeldspar gran-
ite. An increase in the metamorphic conditions
was also observed between Rantasalmi and the
northern Joroinen-zone, muscovite being stable
in Rantasalmi, while sillimanite is stable with
potassium-feldspar around Joroinen.
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Methods
Sampling

30 kg samples were collected for all Rb-Sr
whole-rock analysis. Fresh hand specimens were
taken for mineral age analysis whenever possible,
otherwise, a coredriller was used to take several
fresh drill-cores. The sample size varies between
5—10 kg for hammer-taken samples an around
2 kg for drill-cores.

The whole-rock samples of Juva could be
taken from fresh roadcuts, those of Pihtipudas
from an active quarry. For the samples of the
Laajamaiki gneiss blasting was necessary to get
fresh material.

Separation technique and chemical treatment

All samples were crushed, milled and split. The
split taken for every whole-rock analysis was
100 ml. For mineral separation the samples were
sieved to grain-size fractions of >30, 30—60,
60—80, 80—120 mesh. Micas were separated
with the aid of a magnetic separator, milled five
minutes in an agate mortar under ethanol abs.,
sieved, and whenever necessary purified on the
magnetic separator again.

Hornblende samples were preconcentrated on
a magnetic separator and a shaking table and
finally concentrated with the aid of heavy liquids
(bromoforme). Whole-rock samples were milled
for 16 to 24 hours in an agate mortar under
ethanol abs.

The samples were dissolved in a perchloric-
hydrofluoric acid mixture. Rb-Sr samples were
spiked with highly concentrated %Sr and ¥Rb
spike. Rb and Sr were separated on ion-exchange
colomns. Potassium samples were spiked with a
4K solution (35,927 % “°K).

Measurements

Argon measurements were carried out ona VG
MM 1200 mass-spectrometer. Analyses were done
according to the ID method (Kirsten 1966, Dal-

rymple and Lanphere 1969). Samples were
packed in aluminum foil and molten in a
molybdenum crucible, using a high-frequency
generator, in a high-vacuum extraction line
(Flisch 1986). The extracted gas was spiked with
a 99,99975 #Ar spike (Schumacher 1975) puri-
fied and transferred to the mass-spectrometer by
a direct connection. Biotite B-4B and LP-6
(Flisch 1982) were used as standard minerals.

Rubidium and potassium were measured on a
solid source single collector mass spectrometer
made by »Ion Equipements» with 35 cm radius
and a three-filament ion source, where the sam-
ple was loaded onto the centre filament and
evaporated by heating only the side filaments
simultanously.

Strontium analyses were done partly on the
»lon Equipment» igstrument partly on a VG Sec-
tor mass-spectrometer with 26 cm radius, five col-
lectors and a single filament ion source. The
differences in the %Sr/3¢Sr between the two
machines was <15 ppm. The ages were calcu-
lated using the IUGS constants (Steiger and Jager
1977).

The mica analyses were corrected using the in-
itial 8’Sr/%Sr ratio of the corresponding whole
rock isochron (see below). For all metapelite and
micaschist samples a ¥Sr/3Sr ratio of 0.707 was
used. For the augen-gneiss of Lampaanjérvi a
87Sr/%Sr initial of 0.7039 was used, given for the
synorogenic granodiorites by Welin et al. (1980).
According to the low ¥Sr/%Sr ratio of most of
the white mica samples (below 10), the ratio used
for the correction is of major influence to the
mica age result. A difference of 5 in the fourth
decimal of the initial used will shift the white
mica age considerably (0.7075 instead of 0.7070
used for the white micas of Pihtipudas will lower
the age about 10Ma). The cooling rates calculated
using the white mica Rb-Sr determinations will
therefore always give a hint on the relative cool-
ing in relation to the cooling calculated for lower
temperatures (Haudenschild 1988b) but never can
be taken as absolute values. The age difference
between different grain-size fractions differs up
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to 35Ma demonstrating the actual error of the
calculated ages.

Analytical results

Hornblende data

Sample description

Five samples were taken for K-Ar dating of
hornblendes. All samples were collected from
amphibolite rocks nearly or completely free of
biotite. The samples have been chosen from
different metamorphic blocks of the Pihtipudas-
Iisalmi (Fig. 2) and the Joroinen-Sulkava areas
(Fig. 3) near to localities from where biotite and,
whenever possible, muscovite had been dated
(Haudenschild 1988b). In this way the horn-
blende results should be easily comparable with
the mica ages without interpolation of ages be-
tween localities. All localities are given in Figs.
2/3.

Sample KAW 2567 was taken from a banded
amphibolite of the Korppinen block only about
1 km north of the micaschist (KAW 2566,
Haudenschild 1988b) taken for mica dating. The
fresh fine grained sample taken by the aid of a
core-driller is very dark and, viewed in hand
specimen, completely homogeneous. The rock
consists of 45—50 % hornblende 0.2—0.3 mm
in size, 50 % plagioclase, some quartz, apatite,
zircon, sphene and opaques. The minerals are
homogeneously distributed, the hornblende is
orientated in the direction of the banding. The
sample is fresh, the hornblende practically free
of inclusions.

KAW 2570 is a homogeneous medium grained
metadiorite. It crops out about 2.5 km southwest
of the nearest metapelite outcrop having been
sampled for biotite dating (Haudenschild 1988b).
Its composition is: hornblende 60 %, plagioclase
30—40 %, quartz 5 %, some biotite, opaques,
apatite and zircon. The long (up to 2 mm) bio-
tite needles are ductile, slightly deformed and
often cross the hornblende crystals.

KAW 2573 is a greenish amphibolite. It was
taken from the zone of Vieremi, close to the sam-
ple KAW 2572 (Haudenschild 1988b) from which
biotite and muscovite have been dated. The
weathered surface shows a yellowish-grey
groundmass with homogeneously distributed,
unoriented amphibole needles of about 2 mm
length. Microscopically the hornblende (45—
50 %) shows a garben-like texture, is slightly poi-
kiloblastic enclosing epidote, plagioclase, and
opaques. Plagioclase, showing a slight sericitisa-
tion, is at 50 % the other main constituent.

KAW 2583 is a sample of the metavolcanic
comlex of Lampaanjarvi lying close to the sam-
ple profile taken for K-Ar biotite dating
(Haudenschild 1988b). The rock is a banded
amphibolite of varying composition. Its main
minerals are hornblende (50—55 %), plagioclase
(40 %), quartz, potassium feldspar, cumming-
tonite, epidote, diopside, sphene and carbonate.
Some biotite is orientated in the direction of the
banding. The hornblende margins are partly
replaced by cummingtonite and epidote, epidote
is also a common inclusion. Usually hornblende,
cummingtonite, epidote and sphene built up a
net-like texture with sericitised feldspar grains
distributed in between. From the microscopic ob-
servation cummingtonite and hornblende prob-
ably cannot be separated.

KAW 2593 comes from the zone of Joroinen.
Samples for apatite fission track dating were
taken from the same locality (Torsalo) by
Lehtovaara (1972). In the fine-grained dark green
amphibolites, garnets up to some mm in size can
be seen macroscopically. The garnet is strongly
piokiloblastic. Hornblende (50 %), plagioclase
and cummingtonite are the main constituents of
the rock; quartz, apatite and opaques are the ac-
cessories. Some small biotite flakes are enclosed
by the hornblende. The feldspar is slightly seric-
itised, green hornblende shows grain margins of
cummingtonite.

Age results
Samples KAW 2567, 2570, 2583 and 2593 be-
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long to the Svecocarelian units, sample KAW
2573 was taken from the Vieremi schist zone,
lying between the metavolcanic complex of Kiu-
ruvesi-Lampaanjéarvi (Marttila 1976) and the
Archean basement of Iisalmi. The age results are
listed in table 1.

The ages of the Svecokarelic hornblende sam-
ples vary between 1350Ma and 1784Ma. Samples
2567 (Korppinen) and 2583 (Lampaanjérvi) plot
in the »Harper» diagram (Harper 1970), which
assumes the same proportion of argon loss for
cogenetic samples, on an isochron (Fig. 4) cor-
responding to an age of 1784Ma intersecting the
y-axis at 0.027. Without sample KAW 2583i the
intersection point is 0.004. The influence of sam-
ple 2583i in the »*K/3Ar» diagram (Fig. 5) is
even larger: with this sample the regression line
crosses the y-axis at —720.5; without, at 329. The
isochron age of 1778Ma corresponds within the
limit of the analytical error to the one of the
»Harper» diagram. 2583i has an age of 1695Ma.
It is the largest grain size fraction of the sample
and shows the highest potassium content. The
simplest explanation of the low age is a slight im-
purity of the sample due to intergrowth with
some biotite, increasing the potassium content
and lowering the age. Another explanation would
be argon loss at low temperature (retrograde reac-
tions ?) in the rim of the mineral. The smaller
grainsizes being produced partly by mechanical
abrasion during separation represent a higher
core/rim ration than the large grains which grain-
size is close to the original, containing a larger
amount of argon-poor material. The isochron age
of 1784Ma seems to be a good fit to a hornblende
cooling age giving the time of cooling to 500—
550°C after the metamorphic overprint, the 2¢
error on each age measurement being about
+30Ma.

The ages of samples KAW 2593 and KAW
2570 are clearly lower then those mentioned
above, though they should date the same
Svecokarelic event. The ages of the two grain size
fractions of KAW 2570 are 1544Ma and 1545Ma
respectively, those of KAW 2593 1404Ma,

1404Ma and 1350Ma. Both samples seem to have
lost argon below their blocking-temperature. In
both diagrams (Fig. 6/7) the isochrons intersect
the y-axis at negative values. The corresponding
isochron ages are 1660Ma and 2035Ma. The high
isochron age in the »Harper» diagram can be ex-
plained by a larger amount of argon lost from
sample KAW 2593 than KAW 2570, turning the
isochron towards a steeper slope. The isochron
in the »*K/*Ar» diagram is turned in the oppo-
site direction by different amounts of air argon,
mixed to the two samples, being larger in sam-
ple 2593 than in the other one.

The ages of sample KAW 2573 (1995Ma—
2143Ma) are too high to correspond to the cool-
ing of the Svecokarelian metamorphism. Excess
or inherited argon must be responsible for the
ages calculated. Argon incorporated during the
metamorphic growth of the amphiboles could ex-
plain the »Harper» diagram (Fig. 8). The
isochron in the »*K/3¢Ar» diagram (Fig. 9)
should show a similar trend, e.g., should have
an intersect with the y-axis higher then the argon
air ratio. Different amount of argon of identical
isotope composition lost from the three grain size
fractions of sample 2573 could explain the pic-
ture given in both diagrams, the »isochron» of
the »*K/¥*Ar» diagram being smoothed by air
argon varying in amount between the three frac-
tions. The ages calculated are believed to be mix-
ture ages between the formation and the
Svecokarelic overprint. The isochron age given
by the »*K/36Ar» of 2101Ma can be considered
a minimum age of the hornblende samples; the
formation therefore has to belong to a Pre-
Svecokarelian event.

Two hornblende samples published by Kors-
man et al. (1984) plot, together with the samples
KAW 2567 and KAW 2583, on an isochron of
1760Ma in the »Harper» diagram (Fig. 10). The
intersection point with the y-axis is 0.001. The
isochron shows, within the analytical error, a
good age estimate for all Svecokarelic hornblende
samples independent of their later uplift history
evaluated by the mica ages. One can consider the
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cooling after an 1810Ma metamorphism a larges-
cale event having reached the blocking-tempera-
ture for amphibole at approximatly the same time
in Korppinen, Lampaanjéirvi and Tuusméki. Age
differences showing differences in the uplift speed
of the various blocks cannot be recognized, the
analytical error, mainly caused by impurities of
the hornblende concentrates (inclusions), being
too large.
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Table 1. Sample locations and isotopic data for hornblende K-Ar results.

Sample Locality Grain Size % K Vol 9Ar,q. % 40Ar Age (Ma)
KAW No. (mesh) ccmSTP/g x 10—

2567 h Kumpuskangas/Korppinen 80—100 0.307 0.3603 99.92 1774
2567 i Kumpuskangas/Korppinen 100—120 0.319 0.3624 93.85 1739
2570 g Palosuo/Osmanki 80—100 0.476 0.4523 99.70 1545
2570 h Palosuo/Osmanki 100—120 0.466 0.4470 99.59 1554
2573 i Kettukangas/Vierema 60— 80 0.378 0.5528 97.86 2032
2573 k Kettukangas/Vierema 80—100 0.344 0.5505 97.73 2143
2573 1 Kettukangas/Vierema 100—120 0.395 0.5593 93.65 1995
2583 i Syrjala/Lampaanjarvi 60— 80 1.447 1.5813 99.47 1695
2583 k Syrjéla/Lampaanjirvi 80—100 1.374 1.6025 99.16 1767
2583 1 Syrjdla/Lampaanjarvi 100—120 1.400 1.6572 99.50 1784
2593 h Tornioniemi/Joroinen 100—120 0.366 0.2856 97.91 1350
2593 k Tornioniemi/Joroinen 100—120 0.362 0.2987 99.04 1404
2593 p Tornioniemi/Joroinen 80—100 0.349 0.2883 99.20 1404

Sample 2593 h and 2593 k differ in their magnetic properties

Rb-Sr mica data

Rb-Sr analysis were carried out on five white
mica samples, four from the Pihtipudas-Iisalmi
and two from the Joroinen-Sulkava area. The
primary idea was to obtain some information
about the cooling history of the areas at elevated
temperatures in addition to the information on
the late uplift history, revealed by K-Ar dating
(Haudenschild 1988b). A second purpose was to
reanalyze two grain size fractions of one single
sample of Lampaanjarvi augen-gneiss yielding K-
Ar ages one youger and one older then the bio-
tite age, having been interpreted as a cooling age
in the case of the older and a formation age in
case of the younger age. Finally, the results were
thought, compared with the hornblende ages, giv-
ing a hint on the hornblende blocking-tempera-
ture under the mentioned conditions. Results and
sample localities are summarized in table 2.

Sample KAW 2559 was taken from the low
amphibolite metamorphic terrain of Pihtipudas.
The K-Ar biotite ages are 1694Ma/1699Ma, the
white mica ages 1744Ma/1757Ma. The Rb-Sr
ages of white mica samples are 1729Ma and
1763Ma. The maximum temperature of the
metamorphism probably has been about 550°C

4

at about 1880Ma, only slightly above the block-
ing-temperature of the white mica. A second
overprint of the area may be dated with 1800Ma
by monazite and sphene U-Pb ages (Aho 1979),
altough the temperatures involved are difficult
to estimate. The white mica results are regarded
as reflecting cooling ages. Cooling and related
uplift therefore must have been very slow dur-
ing the early period (1880—1750Ma) becoming
faster towards lower temperatuers, an effect
which can also be seen in the K-Ar biotite age
pattern (Haudenschild 1988b).

The differences between K-Ar and Rb-Sr ages
in the Korppinen (KAW 2566) and Lampaanjarvi
(KAW 2578) block are somewhat larger than the
above mentioned, the Rb-Sr ages being 1708Ma/
1733Ma in Korppinen and 1732Ma/1751Ma in
Lampaanjarvi. In agreement with the higher
metamorphic temperatures, both age determina-
tions are also younger than those made on the
Pihtipudas samples having passed the 500°C
isotherm later than the Pihtipudas mica schists.
The mean age difference between Rb-Sr and K-
Ar determinations are 28Ma in Korppinen and
91Ma in Lampaanjirvi. The two grain size frac-
tions of the Lampaanjarvi sample permit the cal-
culation of an isochron corresponding to an age
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of 1715Ma. The age difference calculated above
would then be reduced to 65Ma.

The K-Ar age differences described for two
grain size fractions of white mica (Haudenschild
1988b) could not be found in the Rb-Sr determi-
nations. The K-Ar ages of 1611Ma and 1650Ma
are one lower and one higher than the biotite ages
of 1714Ma/1724Ma indicating a formation age
for the smaller grain size fraction. The Rb-Sr
ages, both lying remarkably higher than the K-
Ar ages contradict this interpretation. The lower
K-Ar age of the smaller fraction may be due to
argon loss during a late movement.

White mica of samples KAW 2572 (Vierema)
yield a Rb-Sr age of 1829Ma. The K-Ar age of
the same sample was 1747Ma, on biotite 1687Ma/
1696Ma. The result may be interpreted as a for-
mation age, or a cooling age lying close to the
peak conditions of metamorphism. The 500°C
and 350°C blocking temperatures permit the cal-
culation of a cooling rate of about 1.8°C/Ma.

Two white mica samples could be analyzed
from the Joroinen-Sulkava area. Sample KAW

2826 was taken from the Rantasalmi micaschist
zone. The Rb-Sr age is 1775Ma. The difference
between the Rb-Sr and K-Ar ages is about the
same as that in the mica schists of Pihtipudas,
showing similar uplift characteristics. Sample
KAW 3191 was taken from the same zone
representing large size muscovite of a beryllium-
pegmatite. The Rb-Sr age is remarkably lower
than the age of the mica schist sample. The sam-
ple was taken from surface muscovites, the pos-
sibility of a slight weathering exists. If the age
represents the age of emplacement, the pegma-
tite would have been intruded to the rock which
had been cooled to about 300°C, the pegmatites
deformation still being younger.

Rb-Sr whole-rock ages

Five mica-schist (metapelite) samples from the
block of Pihtipudas have been collected from two
quarries over a distance of about 1000m. The cor-
responding sample taken for mica dating is KAW
2559. The five whole-rock analysis plot on an

Table 2. Sample locations and isotopic data for the muscovite Rb-Sr analysis.

Sample Locality Grain Size Rb total Sr total 87Rb/36Sr 87Sr/%6Sr Age (Ma)
KAW No. (mesh) (ppm) (ppm) analytical
error (1 o)
2559 f Kivilouhos/ 80—100 171.21 115.02 4.35210 0.815349 1732
Virkamaki 0.0019°
2559 s 100—120 166.99 113.58 4.17651 0.813101 1767
0.0000842
2566 k Karkeisvuori/ 80—100 72.54 22.71 9.45107 0.939011 1708
Korppinen 0.00220
2566 1 100—120 72.43 22.49 9.28387 0.938341 1733
0.0000682
2572 m Kiviniemi/ 100—120 196.43 87.02 6.64216 0.881809 1828
Vierema 0.0011®
2578 1 Likosuo 60—100 336.88 23.11 46.9838 1.872920 1732
Lampaanjarvi 0.0019°
2578 n 130—200 316.78 43.47 22.2286 1.262662 1751
0.0017°
2826 k Rantasalmi 80—100 216.04 37.40 17.4395 1.152042 1775
0.0026°
3191 Rantasalmi/ 1624.67 12.670 3408.63 84.40284 1708
Pegmatite 0.0085°

a Relative standard deviation (sample measured on Avco mass spectrometer)
b 0y standard error (sample measured on VG sector mass spectrometer)
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isochron of 1704 £42Ma (Fig. 11). The isotopic
data are given in table 3. The initial 8’Sr/%Sr
ratio is 0.7072. The isochron age of the schists
consisting mainly of biotite clearly represents the
biotite Rb-Sr age. The corresponding K-Ar ages
are 1699Ma and 1694Ma. The whole-rock age is
a good proof of the validity of the K-Ar ages.

Five fresh whole-rock samples were taken from
the Laajaméki quartz-diorite (Pielavesi-block) by
blasting. Biotite and zircon ages were analyzed
on sample KAW 2351, previously taken from the
same rock (Haudenschild 1988b, Vaasjoki and
Sakko 1988). The whole-rock isochron (Fig. 12)
defines an age of 1875Ma with a remarkably
small error of *17Ma altough the spread of the
87Rb/%Sr ratio between the five samples is be-
low 1.0. The initial *Sr/%Sr ratio of the
isochron is 0.7018. Despite the good fit of all five
samples, the isochron is believed to be shifted and
possibly rotated towards the low initial Sr ratio
measured. The shift has to postdate the isochron
age, a minimum age for the overprint shifting the
isochron is given by the biotite K-Ar age of about
1760Ma—1790Ma (Haudenschild 1988b). Weather
the 1875Ma whole-rock age can be considered to
represent a geological event or is caused by rota-
tion of the isochron as described by Aberg and
Persson (1984) cannot be answered definitively.
After Van Schmus and Bickford (in: Aberg and
Persson 1984) a rotation up to 20% away from
the original age is possible, still giving a good fit
of all samples. The good fit to the isochron is a
hint to the stable platform behaviour of the area
after its 1800Ma events, the disturbed young
isochron being flattened by a long time of
undisturbed aggregation of radiogenic strontium.

Seven samples of metapelitic rocks of the Juva
zone (Joroinen-Sulkava area) plot on an isochron
of 1812*+46Ma (Fig.13). The #Sr/%Sr initial
value is 0.707. The samples were taken from
roadcuts over a distance of about 4.5 km along
the main road between Savonlinna and Juva. The
whole-rock isochron age corresponds well with
the age of metamorphism dated at 1810Ma/
1833Ma by U-Pb zircon ages of the migmatite
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of Sulkava (Korsman et al. 1984). The #’Sr/3Sr
initial value is only slightly higher than the value
calculated for the metapelitic rocks of Pihtipu-
das.

Data interpretation and comparison with existing
ages

Four distinct age groups have been found
previously in the Pihtipudas-lisalmi area:
1920Ma by U-Pb zircons dating, 1880Ma by U-
Pb zircon dating, 1860—1800Ma on monazites
and sphenes and 1750—1650Ma on biotites (Fig.
14).

1920Ma on zircon have been reported on the
quartz-diorite of Laajaméki (Vaasjoki and Sak-
ko 1988). Similar ages were found from the
Pyorednsuonvuori granitoid (Vaasjoki and Sak-
ko 1988) and the Rastinpaé tonalitic gneiss (Kors-

man et al. 1984). The results have been inter-
preted as the age of early synkinematic intru-
sions, a magmatic phase which is typical for east-
central Finland.

1880Ma on zircons has been widely found
within the granitoid complex of central Finland
(Aho 1979; H. Huhma 1986) as well as on grani-
toids of the Raahe-Ladoga schist belt (Neuvonen
et al. 1981), being interpreted as the age of in-
trusion of synkinematic plutonic rocks. Ages of
1860—1840Ma on monazites and sphenes of the
same geological units were interpreted represent-
ing the cooling after the main event of igneous
activity (Holtta 1988). Gorkov et al. (1970) meas-
ured 1872Ma on phyllitic schists and 1839Ma—
1818Ma on biotite schists by the Rb-Sr whole
rock method (recalculated with A¥Rb = 1.42 x
10—!") giving an estimate of the time of
metamorphism. An age of 1827Ma (Rb-Sr whole-
rock isochron) which he found on granitic veins

Table 3. Sample localities and isotopic data for the whole-rock analysis.

Sample Rb total Sr total 87Rb/36Sr 87Sr/86Sr Analytical
KAW No. (ppm) (ppm) error (1 o)
Juva: Metapelite

2827 242.76 117.88 6.05068 0.866168 0.0006°
2828 245.08 116.46 6.18614 0.871614 0.0010°
2829 152.48 124.35 3.58105 0.803474 0.0020°
2830 216.41 098.23 6.47828 0.874944 0.0007°
2831 234.98 159.24 4.31544 0.818152 0.0063°
2832 213.07 098.73 6.34454 0.872241 0.0011°
2833 204.96 161.57 3.70458 0.803270 0.0005>
Pintipudas: Mica-Schist

2839 145.64 216.77 1.95278 0.754685 0.0000722
2840 126.35 266.32 1.37714 0.741080 0.0000582
2841 115.89 338.19 0.993706 0.731012 0.0000542
2842 119.32 303.83 1.13848 0.735423 0.0000592
2843 136.29 253.12 1.56368 0.745836 0.0000732
Laajamdki: Quartz-Diorite

2844 42.712 203.45 0.608038 0.718191 0.0000672
2845 48.485 180.35 0.778979 0.722810 0.000056#
2846 64.273 227.64 0.818196 0.723950 0.000083
2847 54.550 173.77 0.909891 0.726296 0.0000602
2848 51.338 173.52 0.857442 0.724963 0.000058=

a Relative standard deviation (sample measured on Avco mass spectrometer)
b 0 Standard error (sample measured on VG Sector mass spectrometer)
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Histogram for the published Pihtipudas-lisalmi age data
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Fig. 14. Histogram for mineral and whole-rock ages of the Pihtipudas-lisalmi area.

intruding Archean basement gneisses, testified
the existence of a late kinematic magmatic phase.
Similar ages were found by A.Huhma (1981) on
dykes in North Karelia, dating zircons in a lam-
prophyre and sphene in microtonalite veins.

The age of the Svecokarelian metamorphism
is still contradictory. Some hints are given for a
1880Ma metamorphic event in the Pielavesi area
(Holtta 1988). 1800Ma monazite and sphene ages
of Pihtipudas on the other hand if interpreted as
cooling ages have to date a cooling close to the
metamorphic peak conditions or, if interpreted
as formation ages date a 1800Ma event. Biotite
(K-Ar) cooling ages in the Pielavesi block are as
high as 1790Ma, where in the other blocks the
postmetamorphic cooling to 300°C can be dat-
ed with about 1750Ma—1650Ma.

1880Ma were measured on zircons of the tona-
litic to granodioritic gneisses of Lampanjéarvi, as
well as on the Vaaraslahti hypersthene granite
(Salli 1983, Vaasjoki and Sakko 1988). The Lam-
paanjirvi gneisses clearly represent a synkinemat-
ic intrusive rock foliated during metamorphism,
showing at least two distinct lineations and elon-
gated and oriented basic inclusions. The Vaaras-
lahti hypersthene granite in contrast does not
show any orientation and resembles macroscop-
ically a fresh intrusive rock, also microscopical-
ly a reaction texture can be seen: symplectitic
quartz-biotite intergrowth replacing feldspar,

polysynthetic twinning in plagioclase and myr-
mecitic intergrowth between feldspar and quartz
are common. In the monzonitic variety symplec-
titic biotite intergrows with hornblende and
pyroxene, hornblende often shows biotite mar-
gins or inclusions, sometimes being replaced by
the mica completely.

Monazite U-Pb dating on the intrusive yields
a concordant age of 1874Ma, the U-Pb zircon age
is 1884 (Salli 1983) while the Rb-Sr whole rock
isochron represents an age of 18055 Ma
(Haudenschild 1988a).

The whole-rock isochron age of 1875Ma of the
Laajaméki quartz-diorite corresponds within the
limit of the analytical error to the intrusion ages
of the synkinematic tonalites. It also could
represent an older metamorphic event described
by Holtta (1988), whilest its 1920Ma zircon age
would represent the age of intrusion. The initial
87Sr/86Sr ratio of 0.7018 anyhow is too low to
correspond with the strontium ratio of the origi-
nal acid intrusive rock. ¥Sr/%Sr ratios of about
0.703—0.705 were reported for synkinematic in-
trusions of the Swedish Svecokarelides (Aberg
1978, Welin et al. 1980). Even on Archean gneiss-
es of eastern Finland strontium ratios of 0.7023—
0.7024 were measured (Martin et al. 1983). The
low value calculated here can be explained only
by the whole-rock system having been affected
by an overprint, postdating the isochron age.
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Possible mechanisms for the lowering of the
87Sr/%Sr initial value are the following: Partial
8Sr release, or a Rb (K) metasomatism adding
Rb to the whole rock system. Loss of radiogenic
strontium would result only in a minor shift of
the initial strontium ratio due to the small
amount of radiogenic strontium having been
present at the time of the reset. Rubidium added
to the system during a later hydrothermal event
could lead to a shift of the isochron without seri-
ously affecting the original isochron age (Ger-
stenberger 1989). The possibility of a rubidium
(potassium) metasomatism in the area of Pielave-
si has been mentioned previously (Holttd 1988).
Differences in the effect of metamorphism be-
tween the different whole-rock samples would
result in a rotation of the isochron towards a
higher age, the measured age therefore can be
considered representing a maximum age for the
original isochron. The question weather the
1875Ma ages does represent the age of a meta-
morphic overprint or only a meaningless age
caused by a rotation of the isochron cannot be
definitifely answered.

Fig. 15 gives the histogram for the published
ages of the Joroinen-Sulkava area. The age
groups defined are the same as in the area of
Pihtipudas-lisalmi, except for the lack of a
1920Ma phase. The type of rock (granulites of
the Pielavesi block: see Holtta 1988) related to
that phase are absent in the Joroinen-Sulkava
area. The whole rock isochron made on seven
metapelite samples from the Juva zone (Fig. 3)
defines an age of 1812+46 Ma. The initial
87Sr/8Sr ratio of 0.7077 corresponds well with
the value found for the metapelites of -Pihtipu-
das but also with the ratio given by Gorkov et
al. (1970) for biotite-schists of Soviet Karelia. If
we assume an oceanic ¥Sr/%Sr ratio for the
metapelitic rocks, the ratio of the ocean water
during the time of sedimentation (2000—2100Ma)
should have been somewhat lower than 0.707.
The age fits with the whole-rock ages measured
by Gorkov et al. (1970) as well as the age calcu-
lated for the overprint of the Pihtipudas block.

An age of 1800Ma to 1820Ma is therefore pro-
posed for a large scale metamorphic overprint of
the Svecokarelic schist belt.

Discussion

Pihtipudas-Iisalmi

The highest age registered in the Pihtipudas
block is the 1883Ma zircon age of synkinematic
granitoids and metavolcanic rocks (Aho 1979).
The metamorphic conditions close to the first
occurrence of cordierite and andalusite in the
metapelite refer to temperatures around 550°C
at a pressure of about 3.5—3.8kb (see: Holttd
1988). Monazite and sphene of the same block
yield concordant ages around 1800Ma (Aho
1979). The cooling to 500°C can be dated with
the muscovite Rb-Sr ages of 1732Ma and
1767Ma. Monazite and sphene ages therefore
correspond to temperatures above 500°C. Rb-Sr
(1732Ma/1767Ma) and K-Ar (1757Ma/1744Ma)
muscovite ages show only minor differences
refering to a rapid cooling between 1880Ma and
1750Ma decreasing after 1750Ma as can be seen
by the 1699Ma and 1695Ma K-Ar biotite age
results (Haudenschild 1988b) of the same sample.
A schematic graph of the described cooling paths
is given in Fig. 16.

The Korppinen-block has been described hav-
ing had a metamorphic peak in the stability-field
of sillimanite at 650—700°C and 5-6kb (Holtta
1988). A strong diaphthoretic overprint refers to
a slow cooling or a later thermal overprint at in-
termediate temperatures. Rb-Sr ages on musco-
vite (1708Ma/1733Ma) are remarkably lower
than the K-Ar hornblende ages (1739Ma/1774Ma)
of the same block. Together with the K-Ar mus-
covite (1695Ma/1690Ma) and. biotite (1674/
1694Ma) ages, the age results refer to an approx-
imately even slow cooling of the block for the
time between the metamorphic peak and a cool-
ing to 300°C (1670Ma). Differences between the
Rb-Sr muscovite ages of Pihtipudas and Korp-
pinen can be explained by the Pihtipudas block
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Histogram for the published Joroinen-Sulkava age data
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Fig. 15. Histogram for mineral and whole-rock ages of the Joroinen-Sulkava area.

having cooled to 500°C earlier. Both blocks can
be shown to have passed the cooling to 300°C
together (Haudenschild 1988b). The juxtaposi-
tion must have taken place at about 1700Ma.

The Pielavesi block has been metamorphosed
under granulite facies conditions at about 800°C
and 5-6kb (Holttd 1988). U-Pb zircon data of the
Laajamaéki quartz-diorite date the time of intru-
sion with about 1920Ma. An 1889Ma zircon age
of a garnet-cordierite-orthopyroxene rock of Sa-
hinpera (Vaasjoki and Sakko 1988) has been in-
terpreted as the age of metamorphism (Holtta
1988) corresponding with the whole-rock
isochrone age of Laajaméki (1875Ma). Monazite
ages of Sahinpera (Vaasjoki and Sakko 1988) and
sphene ages of Mustikkamaki (Holtta 1988) (all
Pielavesi block) yield ages of 1873Ma and 1855—
1864Ma respectively, giving a hint to a fast cool-
ing after an early (1880Ma) metamorphic phase.
A later overprint of the whole-rock system can
be assumed according to the disturbed whole-
rock isochron. Age and metamorphic conditions
have not been evaluated; also, a 1820Ma meta-
morphic phase can be assumed. The temperature
has certainly been below the monazite and also
sphene closing temperature e.g. below about
550°C; K-Ar biotite ages of 1750—1790Ma
(Haudenschild 1988b) refer to a temperature
somewhat above 300°C.

The Lampaanjarvi block has to be seen in con-
nection with the Vaaraslahti intrusion. The in-
trusion age has been dated with 1884Ma (U-Pb,
zircon). A concordant 1874Ma monazite age cor-
responds with the monazite age of Sahinperi (see
above) again indicating a rapid cooling after
1880Ma. K-Ar hornblendes of Syrjila (Lampaan-
jérvi block) outside the contact metamorphic in-
fluence of Vaaraslahti yield ages of about
1770Ma where the corresponding muscovite ages
are 1732Ma/1751Ma (Rb-Sr) and 1711Ma/
1750Ma (K-Ar). A metamorphic event postdat-
ing the intrusion-age therefore probably has
exeeded the blocking temperature of hornblende.
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Fig. 16. Cooling history of the Pihtipudas, Korppinen, Pie-
lavesi, Vaaraslahti, Vierem4 and Rantasalmi area according
to radiometric mineral ages.
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An overprint of the block around 1800Ma is in-
dicated by a 1805Ma Rb-Sr whole-rock age of the
Vaaraslahti intrusive (Haudenschild 1988a). K-
Ar biotite cooling ages around the intrusive are
as high as those of Pielavesi (1740Ma—1770Ma)
where the corresponding biotite ages of the
eastern part of the Lampaanjérvi block are con-
siderably lower (1620Ma—1680Ma) referring to
a later cooling to 300°C in the east than in the
west.

Vierema lies between the metavolcanic-meta-
sedimentary complex of Kiuruvesi and the Ar-
chean basement of Iisalmi. The metamorphic
conditions were described by Holtta (1988) with
550—600°C and 4-5kb.

Hornblende K-Ar ages of 1995Ma—2143Ma
indicate a partial reset of pre-Svecokarelian ages.
The area is therefore thought to contain remnants
probably of Jatulian age.

The high Rb-Sr muscovite age refers to the ex-
istence of a metamorphic event prior to 1830Ma.
A reset at 1800Ma—1820Ma did not occur. K-
Ar muscovite and biotite ages on the other hand
equal those of Pihtipudas. A possible interpre-
tation is a metamorphic overprint as described
above around 1880Ma—1870Ma followed by a
cooling below 500°C. A second overprint around
1810Ma—1820Ma did not exceed 500°C. The
subsequent cooling is comparable to that of the
Pihtipudas block (350°C at 1750Ma, 300°C at
1700Ma). The higher hornblende K-Ar than mus-
covite Rb-Sr ages can be seen as a hint to horn-
blende K-Ar blocking- temperature exceeding
500°C. If the indicated metamorphic tempera-
tures are correct, hornblende under certain cir-
cumstances would retain argon even at tempera-
tures of 550—600°C.

Joroinen-Sulkava

The situation in the Joroinen-Sulkava area is
somewhat easier and also indicative for the north-
ern area. U-Pb zircon ages indicate magmatic ac-
tivity at 1880Ma (Korsman et al. 1984) emplac-
ing tonalitic to granodioritic rocks in the north-

ern part of the area (Tuusmaéki). The main meta-
morphic phase has been dated with zircons (Kors-
man et al. 1984; Vaasjoki and Sakko 1988) with
about 1810Ma—1830Ma. Detrital zircons show
a linear increase in the reset (lead loss) from north
to south yielding metamorphic ages only in the
innermost area of the Sulkava thermal dome
(Vaasjoki and Sakko 1988). The age of metamor-
phism has also been dated with 1812Ma by the
Rb-Sr whole-rock isochron in the northern Juva-
zone. The following cooling is registered by a
1796Ma monazite and a 1775 muscovite Rb-Sr
age. The late cooling to the blocking-temperature
of biotite has occurred earlier in the north than
in the south, the biotite ages decreasing from
Rantasalmi to the Sulkava thermal dome from
1740Ma to 1600Ma (Haudenschild 1988b). An in-
crease in the biotite ages can also be seen between
Rantasalmi and Joroinen, referring to a possi-
ble fault system between the two zones (Hauden-
schild op. cit.).

Conclusions

Extensive age determination studies have been
made in two different areas of the Raahe-Ladoga
zone showing different evolutions of the north
and the south.

Early Svecokarelian magmatic activity has
been dated at 1920Ma and 1880Ma. A meta-
morphic phase around 1880Ma—1870Ma can be
recognized only in the Pihtipudas-Iisalmi area
while it is absent in the Joroinen-Sulkava area.
A large scale metamorphic event affected the
whole zone at about 1820-1810Ma. The intensity
of the overprint varies between different locali-
ties, gently in Pielavesi, Lampaanjirvi and Viere-
maé while reaching granulite facies conditions in
the area of Sulkava. Cooling rates after the
1820Ma event can be calculated with 2—4°C/Ma
decreasing towards 1°C/Ma between 1750Ma
and 1700Ma. The youngest biotite cooling ages
registered are as low as 1600Ma.

The Rb-Sr muscovite ages measured in locali-
ties where monazite and sphene have been dated
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are always lower than the corresponding
monazite and sphene ages. The blocking-
temperatures of those minerals therefore are re-
ferred to temperatures above 500°C.

Hornblende K-Ar ages in the Vierema block
seem not to have been reset completely even at
temperatures close to 600°C. Their blocking-
temperature therefore may be assumed being
close to 600°C. Different hornblende samples
show argon loss at temperatures below their clos-
ing temperature possibly due to low temperature
retrograde reactions.

Great care has to be taken in treating high age
results as absolute numbers for effective 26 error
of the age measurement being about 30Ma (2 %).
Histographicaly treated ages may provide infor-
mation on the time of different events as age pro-
files comparing mineral ages dated with the same
method may give information on the evolution
of connected blocks and areas. Interpretation af
absolute ages overlapping in their 2¢ error can
give a hint to possible processes but never should
be regarded as a final answer.
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