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The Suomusjarvi shear zone in the West Uusimaa area in the Proterozoic
Svecofennides of SW Finland belongs to a group of late, post-peak metamorphic
structures comprising vertical shear zones and folds with vertical fold axes. Field-
and microscopical evidence suggest that these structures can be correlated with a
shear zone cutting the Bodom granite with a known U-Pb zircon age of 1641 +
13 Ma. This paper presents the results of a pilot Rb-Sr whole-rock and biotite dat-
ing of the Suomusjérvi shear zone. The shear zone cuts the Suomusjérvi tonalite
and is locally developed as a 5 meter thick ultramylonite in which the biotite is com-
pletely recrystallized. A sample of undeformed tonalite yields a Rb-Sr biotite age
of 1644 + 16 Ma, the ultramylonite a biotite age of 1533 +23 Ma. The tonalite age
is interpreted as a cooling age, while the ultramylonite age represents resetting due
to the mylonitization process (deformation, recrystallization and fluid flow) below
the biotite Rb-Sr blocking temperature of 300—350°C. The whole-rock data give
a meaningless age of 1760 + 108 Ma, which is the result of partial whole-rock reset-
ting at the scale of the ultramylonitic banding.

It is concluded that the results of the pilot-dating are compatible with the ex-
pectations based on other data. This indicates that this group of late deformation
structures in the studied area is the result of an important post-Svecofennian event
which was previously hardly recognized in south Finland. Structural, isotopical,
petrological and fluid inclusion data on the cooling history of the West Uusimaa
area are internally consistent, but conflicting with other evidence from southern
Finland.
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Introduction: resetting of isotope systems

Resetting of Rb-Sr isotope systems in shear
zones is the subject of several studies (e.g., Ab-
bot 1972, Etheridge and Cooper 1981, Hickman
and Glassley 1984, Black 1988, Majoor 1988).

Generally, whole-rock data from mylonites yield
ages different from their country rock, which is
usually ascribed to fluid flow through the shear
zone at the time of deformation. Meaningless
mixing ages are often the result due to incomplete
rehomogenization of the isotope system. Apart
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from the actual age of the deformation event, im-
portant issues are the scale and extent on which
resetting of the isotope system took place and the
composition of the fluid. Using the so-called thin-
slab dating method (thin slices parallel to the
mylonitic layering) for whole-rock dating, it was
concluded that Rb-Sr isotope resetting can take
place at the centimeter (Black 1988), decimeter
(Claesson 1980) or meter scale (Abbot 1972,
Black et al 1979). It is rarely possible to put well-
defined constraints on the composition of the flu-
id phase.

The present work is a pilot study attempting
to date the Suomusjarvi shear zone in SW Fin-
land using Rb-Sr biotite and whole-rock dating.

The main reason for this study was field evi-
dence (see below) which indicated that the
Suomusjarvi shear zone belongs to a group of
structures which is (much) younger than the main
regional deformation. This particular sample was
chosen because it was taken from an ultramylon-
ite, giving the best chance for complete resetting
of the Rb-Sr system during the later event.

Geological setting

The studied ultramylonite is situated in the
West Uusimaa area in the South Svecofennian
metamorphic belt (fig 1), which is part of the Ear-
ly Proterozoic Svecofennides in SW Finland
(Simonen 1980, Gaal 1982, Gadl and Gorbatch-
ev 1987). The belt consists of strongly deformed
volcano-sedimentary rocks intruded by early- to
late-Svecofennian plutonics (Gadl and Gorbat-
schev 1987) and is bounded by large late Sveco-
fennian granitoid bodies, related to migmatiza-
tion. The pretectonic intrusives comprise a suite
of infracrustal rocks of mainly gabbroic to tona-
litic composition, which Colley and Westra
(1987) suggest are comagmatic with the volcan-
ics they intrude. The late Svecofennian S-type
(Huhma 1986) intrusives occur as large micro-
cline granite masses surrounding and outlining
the volcanic belt as well as smaller bodies within

the belt. Rapakivi granites, usually termed anoro-
genic, occur in southern Finland as four large
batholiths accompanied by several smaller mas-
sifs (Nurmi and Haapala 1986). The Svecofen-
nian belts mainly show amphibolite facies
metamorphism. Locally, however, granulite fa-
cies conditions are reached, such as in the West
Uusimaa Granulite Complex (Parras 1958, Westra
and Schreurs 1985, Schreurs 1985).

The regional deformation was studied by
Tuominen (1957) and more recently by Schreurs
and Westra (1986), Bleeker and Westra (1987),
Ploegsma and Westra (1990) and Ploegsma
(1989). Three major deformation phases can be
recognized (see Fig. 1 for major fold traces):
1) D, caused subhorizontal folding, possibly
related to thrust tectonics, and was responsible
for the penetrative foliation found throughout
the West Uusimaa area. 2) D,, the main phase,
was essentialy crustal shortening contemporane-
ous with the peak of metamorphism. B, fold
axes are subhorizontal, an S, axial plane folia-
tion is rarely developed. All earlier planar struc-
tures were rotated to the subvertical and parallel
to the S, plane. 3) D, structures consist of NW-
SE to NE-SW trending folds and shear zones,
mainly along the western rim of the West Uusi-
maa area. Dynamic recrystallization microstruc-
tures are characteristic for D;: e.g. subgrains
and recrystallization in and at the rims of de-
formed quartz grains and oblique foliations of
new quartz grains in ribbon structures. Newly
formed chlorite, epidote and/or andalusite (T.
Hartel, unpublished results) in metapelites de-
formed by D, are evidence of retrogradation,
indicating that D, took place after the meta-
morphic peak. Several shear zones (e.g. the Suo-
musjarvi and Johannislund shear zones (Fig. 1)
show a subvertical sense of shear indicating east
block-up movement (Ploegsma 1987, 1989). B,
fold axes are subvertical. Pseudotachylytes (fault/
injection veins resulting from friction melts
caused by seismic failure (Sibson 1975)) are relat-
ed to the shear zones. The pseudotachylytes ex-
hibit crosscutting relationships (Van den Kerk-
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Fig. 1. Schematic structural map of the West Uusimaa area. Symbols. 1. trend of transposed S, // S;, 2. axial plane trend
of known or inferred major F, fold, 3. axial plane trend of known or inferred major F; fold, 4. late shear zone, 5. grani-
toid massif, 6. rapakivi granite, 7. late Svecofennian microcline granite. Inset a: location of map area, inset b: metamorphic
map and names of shear zones. Dotted area (WUC): West Uusimaa Granulite Complex, white area: amphibolite facies do-
main. Shear zones: K: Kisko sz; O: Orijéirvi sz (black dot is Orijarvi township); Jy: Jyly sz; J: Johannislund sz; F: Fiskars
sz; P-M: Porkkala-Mintsalé sz; P: Painio lineament. From Ploegsma and Westra (1990), with permission of Elseviers Science

Publishers.

hof 1984) with ductile D; mylonitic structures as
well as contemporaneous (ductile behaviour in
felsic rocks, brittle failure in intermediate to ba-
sic rocks, Ploegsma 1989).

The main events in the Svecofennian rocks are
well dated: U-Pb zircon ages of the volcanic rocks
range from 1920—1880 Ma (Simonen 1980),
while the synkinematic granitoids were formed
mainly 1890—1870 Ma ago, late kinematic 1850
—1800 Ma, and postkinematic around 1800 Ma
(Nurmi and Haapala 1986). Huhma (1986) dat-
ed the early kinematic Orijérvi granodiorite at
1891+ 13 Ma (U-Pb zircon age) and the late
kinematic Hanko granite at 1830+ 10 Ma (U-Pb
monazite and zircon age). U-Pb ages of rapaki-
vi granites in south Finland range from 1700—
1540 Ma (Vaasjoki 1977).

Scope: an attempt to date the D; deformation

Two lines of evidence indicate that D,, having
caused a hardly recognized but important set of
deformation structures, postdated the main
Svecofennian events. Firstly, according to Hop-
good et al (1983) all major deformations in south-
ern Finland took place in the relatively short
timespan of 1900—1885 Ma ago, while the whole
Svecofennian orogenic cycle up to initiation of
uplift lasted at least 100 Ma. This was based on
U-Pb mineral and Rb-Sr whole-rock and miner-
al data from neosomes cutting folds of various
generations, However, the microstructures and
geometry of D, structures as well as the as-
sociated retrogression (Ploegsma 1989) suggest
that D; postdated the main Svecofennian
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events. Secondly, the Porkkala-Méantséla shear
zone (P-M, see Fig 1) is a shear zone which is
similar in microstructures, stretching direction
and strike to D; shear zones along the western
rim of the West Uusimaa area (Ploegsma 1989).
The P-M cuts the Bodom and Obbnés granites
near Espoo (Sederholm 1913, Vaasjoki 1977)).
Both plutons are considered to be satellite intru-
sions of the Viborg rapakivi massif (Vaasjoki
1977, Térnroos 1984). Vaasjoki (1977) found a
U-Pb zircon age of 1641 + 13 Ma for the Bodom
granite, which is probably the maximum age for
D,.

To test the hypothesis of a post-Svecofennian
age of D, a pilot Rb-Sr biotite and whole-rock
dating was conducted on a sample from the
Suomusjarvi ultramylonite and a biotite dating
on a sample of (at that location) virtually un-
deformed Suomusjarvi tonalite. The ultramylon-
ite was chosen for this age determination because
all biotite in the rock recrystallized during the
deformation process (see below). Totally re-
crystallized mica’s have been shown to yield com-
pletely reset Rb-Sr ages (Etheridge and Cooper
1981, Majoor 1988). The tonalite biotite was used
to test whether a difference exists in isotopic age
between undeformed and D,-recrystallized bio-
tite. A thin slice method, similar to the one used
by e.g. Etheridge and Cooper (1981) and Krish-
na Sinha et al (1986), was chosen for the whole-
rock dating of the ultramylonite, to get more in-
sight in the scale of rehomogenization. A more
thorough treatment of the chemical variation be-
tween the slices and a comparison with more
Suomusjirvi tonalite samples is beyond the scope
of this paper, but can be found in Ploegsma
(1989), as well as a discussion of the role of
fluids, the deformation conditions and the ori-
gin of the ultramylonite.

The Suomusjirvi tonalite: sample descriptions

The Suomusjérvi tonalite (Fig. 2) is one of the
numerous elongate tonalite bodies in the West

Uusimaa area. It is located just at the opx-in
isograd (Schreurs 1985) and has a mineral assem-
blage of q + plag + bi + cpx (grainsize 1 to
5 mm), with in the northern part hypersthene
porphyroblasts. Some retrogression to chlorite
and/or epidote occurs in samples showing exten-
sive D, deformation. The tonalite is cut on the
western side by the Johannislund shear zone and
on the eastern side by the Suomusjarvi shear zone
(Fig. 2). The latter is traceable only along the
tonalite, while the former runs over a distance
of about 40 km along the western rim of the West
Uusimaa area (Fig. 1). In the central parts the
tonalite is not or only weakly deformed by D;,
but towards the northern and southern parts it
exhibits (proto)mylonitic structures characterized
by an overall grain size reduction and recrystal-
lization and by polycrystalline quartz ribbons
wrapped around plagioclase porphyroclasts. The
paragenesis of recrystallized minerals of the
mylonites is similar to that of the tonalite itself
but orthopyroxene is partially or totally trans-
formed to biotite + green amphibole. The con-
tact of the tonalite with the Suomusjarvi shear
zone is locally very sharp (Figs. 3 and 4): at the
sample locality almost undeformed tonalite is in
contact with a c¢. 5 meter thick ultramylonite. At
this contact the ultramylonite banding cuts
straight through individual quartz, feldspar and
biotite grains which show only minor deforma-
tion or recrystallization.

Sample descriptions

The samples were taken along the E3 section
(Fig. 2) through the Suomusjirvi tonalite.

Location 17.1K: The ultramylonite is black
with light porphyroclasts and the grain size of the
matrix is about 5 um (De Ruig en Knap, unpub-
lished data), while the size of the clasts varies
from tens of microns to 10 cm. The proportion
of clasts is from less than 10% up to 50%. The
rock therefore ranges between heteroclastic my-
lonite and heteroclastic ultramylonite in the ter-
minology recently proposed by Hanmer (1987).



Fig. 2. Schematic map of the Suomus-
jarvi tonalite. 1. sample localities (1:
ultramylonite 17.1K, 2: tonalite 27.2);
2. strike of subvertical mylonitic foli-
ation; 3. azimuth and plunge of exten-
sion lineation; 4. D, shear zone (JSZ:
Johannislund shear zone, SSZ Suo-
musjirvi shear zone); 5. road. u,d:
upthrown and downthrown fault-
blocks.
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slightly foliated ultra mylonitic granite grading
tonalite mylonite metapelites into gneiss
foliated
tonalite

Fig. 3. Field sketch of the contact tonalite-ultramylonite. Note that it is a map view, looking on an ice-polished surface.

The sample locality of 17.1K is indicated by the arrow.
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Fig. 4. a: Sample of the contact tonalite-ultramylonite (loc.
17.K1) b: Method of slicing of the ultramylonite. The analy-
sed part is shaded, the stippled area is a biotite-poor band.
Slice no. 3 was lost during sample preparation.

In thin section or on a smooth surface (Fig. 4a)
the ultramylonite shows a color banding on mil-
limeter scale, due to differences in dark/light
mineral ratio. The clasts consist mainly of plagio-
clase and quartz, often with a mantle of very-
fine-grained K-feldspar and tails of plagioclase,
quartz and some K-feldspar. Loc. 27.2: Miner-
als: Q, bi, plag, clinopyroxene retrogaded to
cummingtonite and chlorite. Deformation: A
faint foliation is formed by biotite aggregates and
a shape fabric of plagioclase porphyroblasts and
quartz grains. The quartz shows deformation
bands which in most cases are parallel to the foli-
ation. The band boundaries are always parallel
to the c-axis. Little recrystallization of quartz,
plagioclase and biotite occured.

Analytical procedure

Six slices were cut parallel to the banding for
whole-rock dating from a hand specimen (Loc.
17.1 K) of the contact tonalite-ultramylonite
(coded no. 1—6 see Fig. 4a and b). A larger part
of the ultramylonite sample was used to obtain
a biotite concentrate (no. 7) and a whole-rock
sample (no. 8). From a sample of undeformed
tonalite (Loc. 27.2), a chip was taken for whole-
rock analysis (no. 9), while a biotite concentrate
(no. 10) was prepared from the rest of this sam-
ple. From all whole-rock samples, the major ele-
ment composition as well as the Rb and Sr con-
tents were determined.

To separate biotite from the ultramylonite
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(sample no. 7), the sample was ground to pass
through a 60 pm sieve. The fine dust was re-
moved by washing and sieving, leaving a 20—
60 um fraction. This was processed in a LOC-
separator (IJIst, 1973) resulting in an impure bi-
otite concentrate no. 7a, consisting of poly-
crystalline grains of biotite with minor quartz and
feldspar attached. The fine (<20 um) fraction
was also processed, producing an optically pure
biotite concentrate no. 7b. Both fractions were
used for analysis.

The biotite of the tonalite was concentrated
from a 125—250 pm sieve fraction with the LOC-
separator and a Faul table. Rb and Sr contents
and Rb/Sr ratios of the whole-rock samples were
measured on pressed-powder pellets and major
element composition on pearls by X-ray fluores-
cence spectrometry, using a Philips PW 1450/
AHP automatic spectrometer, with matrix cor-
rections according Verdurmen (1977). The whole-
rock Sr isotope analyses were measured directly
on unspiked Sr. Rb and Sr contents of the bio-
tite concentrates were analyzed by isotope dilu-
tion. All Sr analyses were performed on a Finni-
gan Mat 261 mass spectrometer, all Rb analyses

on a Teledyne mass spectrometer. Analytical er-
rors were estimated at 0.5% for XRF spectro-
metric Rb/Sr and isotope dilution data, 0.01%
for #Sr/%Sr of whole-rocks, 0.02% for 8’Sr/%Sr
of minerals (Verdurmen, pers. comm., 1989).
Best-fit lines through the data points were com-
puted according to York (1967), with MSWD
values after MclIntyre et al (1966); errors quoted
are on the 2o level. The age calculations are based
upon the decay constant for ¥Rb of 1.42 X
10— a—! (Steiger and Jiger 1977) and per-
formed with the computer program DECAYSYS
3.2 written by P. Valbracht.

Results and discussion

Analytical results

The analytical results are listed in Tables I and
II. Most of sample no. 3 was accidentally lost
during milling; the results of the remaining no.
3 were greatly differing from the other samples
and not considered further. The ultramylonite
whole-rock data (Fig. 5) fit closely to an error-

Table 1. Chemical analyses (wt%) of the tonalite and ultramylonite samples.

Sampe no. no. no. no. no. no. no.

1 2 4 ] 6 8 9
type! um um um um um um ton
SiO, 67.19 67.29 68.63 62.87 61.58 65.78 67.31
ALO;, 14.57 14.00 13.66 16.15 16.51 14.60 16.19
TiO, 714 .653 .661 J113 .761 .678 .631
Fe,0, 5.88 5.63 5.20 6.56 6.81 5.90 4.18
MgO 2.20 2.09 1.90 2.45 2.55 2.18 2.15
MnO .059 .052 .060 .072 .072 .060 .048
CaO 1.73 1.74 1.79 1.47 1.50 1.61 3.36
NaO 2.88 2.74 2.89 2.64 2.68 2.74 4.54
K,O0 4.716 4.764 3.985 6.659 6.829 5.104 1.881
BaO 31 126 .099 180 .186 133 .037
P,0; .143 .306 .168 d27 .147 155 .183
LOI2 .00 .30 .40 .50 .40 .30 .30
Sum 100.21 99.69 99.44 100.38 100.02 99.25 100.81

! ton = tonalite; um = ultramylonite
2 Loss on ignition
All analyses by XRF
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Fig. 5. Rb-Sr plot of the ultramylonite whole-rock data. Errors
are smaller than symbol size. Dashed line is the biotite
errorchron (biotite data points out of range). The labels refer
to the sample codes in Table I. For explanation see text.

chron corresponding to an age of 1760 + 108 Ma
with an initial ¥’Sr/%Sr of 0.7066 0.0025
(MSWD = 1.6). The large error is mainly due
to the small spread in Rb/Sr ratio. The biotite
ages of the ultramylonite and tonalite are respec-
tively 1533 + 23 Ma (MSWD = 2.7, using both
biotite concentrates and no. 8) and 1644 + 16
Ma, with initials of 0.7120 + 0.0009 and 0.7050
+ 0.0002.

o
=t

Interpretation of ages

The biotite of the tonalite (loc. 27.2) is virtu-
ally not deformed nor recrystallized, so its age
is unlikely to have been influenced by the
mylonitization (see also the reference to Majoor
(1988) below). The age of 1644 + 16 Ma is con-
sequently interpreted as a cooling age i.e. the time
that the rock went through the blocking temper-
ature for the Rb-Sr isotope system in biotite, 300
+ 50°C (Jager et al 1967). The biotite age of the
ultramylonite must then represent an age reset by
the mylonitization since the sample site of the
tonalite is located close enough to the ultra-
mylonite locality to rule out regional temperature
differences. Because the biotite in the ultra-

Table 2. Rb and Sr contents and isotopical composition of
whole-rock samples and biotite concentrates.

Sampe type! Rb Sr 87Rb/%6Sr  8Sr/86Sr
(ppm)  (ppm)
no. 1 um 172 333 1.5031 0.745039
no. 2 um 166 319 1.5113  0.744762
no. 4 um 150 309 1.4099 0.742062
no. 5 um 213 346 1.7891 0.751941
no. 6 um 218 351 1.8057 0.752106
no. 7a? um 325 147 6.4875  0.855700
no. 7b? um 424 114 11.0266  0.953419
no. 8 um 179 323 1.6102 0.747180
no. 9 ton 123 649 0.5473  0.717962
no. 102 ton 765 16 200.2874  5.447160

! ton = tonalite; um = ultramylonite

2 biotite concentrate

Rb and Sr contents of biotite concentrates by isotope dilu-
tion, all others by XFR

mylonite was completely broken down and re-
crystallized from its original 0.1—5 mm grain size
in the tonalite to +5 pm, it is assumed that the
biotite isotope system was completely reset. This
is consistent with results of Etheridge and Cooper
(1981). Majoor (1988) found Alpine ages for
newly formed white mica in a shear zone, while
the relic mica porphyroclasts have retained their
original Variscan Rb-Sr age. It is therefore con-
cluded that the age of 1533 + 23 Ma represents
closure of the Rb-Sr isotope system in biotite for
the homogenizating process during mylonitiza-
tion. This age is in agreement with the previous
conclusion of field- and microtextural evidence
that D; must have acted at least after 1641 + 13
Ma, the U-Pb zircon age of the Bodom granite
(Vaasjoki 1977). It can not be completely ruled
out, however, that the age difference represents
a lower closure temperature for smaller grain
sizes, although this would be more likely for K-
Ar than for the Rb-Sr system.

The whole-rock age of the ultramylonite sam-
ple is more difficult to interpret. As stated in the
introduction, mylonite samples can yield various
ages depending on the scale on which whole-rock
rehomogenization took place, and the scale of
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sampling. If the system was closed (no exotic
fluids involved), sampling on a larger scale would
approximately give the original whole-rock age,
sampling on a smaller scale the later event. Dis-
turbance of the system by fluids would cause mix-
ing, yielding meaningless, sometimes even nega-
tive, ages (Etheridge and Cooper 1981). The slices
in this study are on the scale of ultramylonitic
banding and can be expected to be equal to
or smaller than the size of rehomogenization.
Ploegsma (1989) showed on samples of the Suo-
musjarvi tonalite that an early amphibolite-facies
CO2 fluid inclusion population is overprinted by
low- grade (+400°C, 1 kb) H,O fluids which
are directly related to a late stage of the D,
shear zones. Nevertheless, the whole-rock age is
significantly higher than the biotite age. The
geological setting of the tonalite clearly proves
intrusion before the peak of metamorphism
(+ 1880 Ma (Hopgood et al 1983) to 1830 Ma,
the age of the Hanko granite (Huhma 1986)) so
that 1760 + 108 Ma cannot represent the origi-
nal tonalite Rb-Sr age. Wever (1984) found a Rb-
Sr whole-rock age of 1967 + 122 Ma for a simi-
lar, but hardly D, affected, tonalite in the
granulite facies area. The close fit to an error-
chron of the data from the different slices indi-
cates that partial resetting of the whole-rock age
on a millimeter scale is related to the myloniti-
zation rather than to a resetting during the peak
of metamorphism. Incorporation of the tonalite
whole-rock point into an errorchron calculation
(which would result in an age of 1917 + 35 Ma)
is therefore not justified.

I realize that this interpretation (especcially the
biotite age of the tonalite) is in contradiction with
other studies from south Finland, which indicate
or suggest that 1.64 Ga old rapakivi granites and
even 1.8 Ga ol granites intruded close the surface
(e.g, Vorma 1976, Hubbard and Branigan 1987).
The present results are, however, supported by
petrological and fluid-inclusion data from the
West Uusimaa area by Hartel (1988) and Touret
and Hartel (1990), which point to a slow cooling
path down to andalusite facies conditions, fol-

lowed by a near-isothermal uplift. Hence the
structural, petrological and fluid-inclusion data
from the West Uusimaa area are entirely com-
patible with the results and interpretations from
the present pilot study. So far, I have no expla-
nation for this apparent discrepancy, e€.g. no in-
dications were found for the existence of large-
scale crustal blocks of the right age, scale and
movement direction.

Conclusions

Although based on a pilot study with a limit-
ed amount of data, the results above are inter-
nally consistent and they allow a tentative recon-
struction of the late deformation in southwest
Finland, which was a phase of folding, shear zone
formation and faulting. The biotite age of the
Suomusjarvi tonalite suggests that around 1644
+ 16 Ma ago the region had already cooled down
below the Rb-Sr blocking temperature of biotite.
Resetting of the biotite age in the ultramylonite
suggests deformation until at least 1533 + 23 Ma
ago. This is consistent with expectations based
on cutting of the 1641 + 13 Ma old Bodom gran-
ite by the Porkkala-Mantsild shear zone which
is very likely of the same generation as the
Suomusjarvi shear zone.

The age of D, shows that major plastic and
brittle deformation took place in southwest Fin-
land 200—300 Ma after the main events of the
Svecofennian phase and probably during active
uplift of the belt. This implies that D, could be
a continental scale impact of the Gothian oroge-
ny which took place from 1.75—1.5 Ga ago in
the Southwest Scandinavian Domain (Gaal and
Gorbatschev 1987). The shear zones deforming
granitic complexes on the Aland islands (Hub-
bard and Branigan 1987, Branigan 1987) might
be related to the ones described here.
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