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Fig. 14 in the main text and stop 1-8 in the excursion
guide). The quarry is situated c. 1.5 km north-west
of the contact to migmatitic orthogneiss that shows
multiphase ductile deformation. The porphyritic
granite to quartz monzonite contains a weak foliation
defined by oriented biotite grains, oriented K-feldspar
phenocrysts that show little internal deformation and
flattened mafic enclaves (see Fig. 66b in the main
text). It is intruded by dykes of fine-grained granite
and pegmatite (Fig. 66b in the main text) that do not
show the internal fabric present in the coarser, porphy-
ritic granite to quartz monzonite.

Analytical results and interpretation
of geochronological data

Most of the zircons are metamict and more or less
rounded. Only a minority are euhedral with sharp
edges. Cores and inclusions are common. However,
the three analysed zircon fractions (Table X) are of
good analytical quality and devoid of visible cores but
show oscillatory zonation. Some fractures are present
in fraction 2.

Seven fractions of titanite crystals were analysed
(Table X). The colour of the titanite crystals varies from
pale to dark brown. All analyses except those of frac-
tions 1 and 3 were carried out on dark crystals. Frac-
tions 1 and 2 were distinguished on the basis of grain
size (fraction 2 larger than fracture 1). All recovered
titanite grains were anhedral or fragmented.

At an catly stage in the geochronological study,
only analyses of the three zircon fractions and two ti-
tanite fractions (fractions 1 and 2) were available. The
27Pb/*°Pb ages from these titanites are considerably
younger than the *’Pb/?*°Pb ages from the zircons
(Table X) and different geological events are repre-
sented by these data. The three zircon fractions yielded

an upper intercept age of 186825 Ma when forced
through a lower intercept of 0£400 Ma. The discordia
line showed a high MSWD value of 7.4. Due to the
high uncertainty in the age, this age was not reported
on the metamorphic, structural and isotope age map
(Stephens et al. 2007b).

At a later stage in the geochronological study, a
complementary set of five more titanite fractions was
analysed (fractions 3 to 7 in Table X). The three zircon
fractions and the titanite fractions 4, 6 and 7 yielded
an upper intercept age of 186316 Ma when forced
through a lower intercept of 0+400 Ma, witha MSWD
value of 3.8 (Fig. XI). As can be seen in Table X, the
chemical composition of the younger, titanite crystals
in fractions 1, 2 and 3 is different from that of the older,
titanite crystals in fractions 4, 5, 6 and 7. In particular,
the contents of U and ***Pb (thorogenic lead) is higher
in the older titanites. Fraction 5 and possibly also frac-
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Fig. XI. Concordia diagram showing the U-Pb TIMS data for zircons
and titanites from a foliated, porphyritic granite to quartz mon-
zonite in the GSDG compositional suite, north-east of Tierp, north-
ern Uppland.

Table X. U-Pb TIMS isotopic data for zircons and titanites from a foliated, porphyritic granite to quartz monzonite in the GSDG composi-

tional suite, north-east of Tierp, northern Uppland.

Fraction No.of Weight U Pb,: CommonPb 206Pb/204ph  206pp—207pp-208pp  206pp /238y  207pp /235y  207pp[206pp gge
crystals (pg) (ppm)  (ppm) (ppm) (atom %) (Ma)
Zircon
1 2 33 2185 72.8 0.61 3251 77.8-8.9-133 0.2986+20 4.704+43 1868+11
2 1 3.2 305.9 103.7 0.02 9257 78.3-8.9-12.8 0.3082+19 4.832+31  1859%3
3 2 2.7 305.9 104.7 0.28 5834 79.3-9.1-11.6 0.3145+18 4.960+30 1870+4
Titanite
1 5 16.3 75.8 253 0.80 1398 85.8—-9.6—4.6 0.3221+23 4.955+40 1825+7
2 2 231 84.7 27.2 0.75 1755 88.4-9.8-1.8 0.3212+15 4.903+29  1811+6
3 9 69.1 90.8 317 1.06 1579 82.1-9.1-8.8 0.3218+30 4.929+49 181745
4 6 439 2871 1372 21.23 273 70.7-8.0-21.3 0.3311+41 5.193%70 1860+9
5 6 53.8 2316 92.0 311 1388 72.1-8.1-19.8 0.3215+36 5.003+58 1846x6
6 4 66.6 3127 136.9 8.85 676 68.0-7.7-24.3 0.3233+40 5.071+68  1861+8
7 4 96.5 256.9 1024 3.38 1408 71.1-8.1-20.8 0.3183+48 4.994+77 186145
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tion 1 probably consist of both older and younger mate-
rial, i.e. they give rise to mixed ages.
The geological implications of these data are three-

fold:

* Theage of 186316 Ma is consistent with the U-Pb
(zircon) age of 1869 +9 Ma for a quartz monzodior-
ite from the southern part of the Hedesunda granite
(Bergman et al. 2004). The 1863+ 16 Ma age is in-
ferred to represent the best estimate of the timing
of igneous crystallization of the porphyritic gran-
ite to quartz monzonite close to Tierp. Bearing in
mind the composition, field character and age of
both these dated rocks, it is inferred that they be-
long to the 1.87-1.84 Ga GSDG intrusive suite in
the Bergslagen region. They are considerably older
than the U-Pb (zircon, titanite) age of 1782+5 Ma
obtained for the igneous crystallization of a gran-
ite in the type area close to Hedesunda (Persson
& Persson 1997). Clearly, the Hedesunda granite
consists of different igneous suites emplaced at dif-
ferent times.

* The penetrative fabric development and amphib-
olite-facies metamorphism in the country rock to
the Hedesunda granite close to Tierp formed prior
to emplacement of the igneous rocks in this com-
plex at 1863+16 Ma (or 1869+9 Ma according to
the dating in Bergman et al. 2004). These results
are consistent with the U-Pb (zircon) dating and
intrusion-deformation relationships for the younger
suite of GDG intrusive rocks (group C in Stephens
et al. 2003) in the Forsmark area to the east (Her-
mansson et al. 2008).

* The younger titanite fractions represent a later meta-
morphic event around 1.8 Ga. These data are also
consistent with the U-Pb (titanite) data in the Fors-
mark area (Hermansson et al. 2008).

ANATECTIC, GARNET-BEARING, LEUCOCRATIC
METAGRANITOID (GP INTRUSIVE SUITE) IN
MIGMATITIC PARAGNEISS, HANINGE

Rock Anatectic, garnet-bearing, leucocratic

metagranitoid (GP intrusive suite)
MBS000132A
6562425/1633335

Sample number
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The aim of this geochronological study was to date
the igneous crystallization age of a garnet-bearing,
leucocratic metagranitoid in a migmatitic paragneiss,
in order to provide some constraints on the timing of

migmatization in the south-eastern part of the Bergs-
lagen region that belongs to the southern migmatitic
metamorphic domain (see the section “Deformation,
metamorphism and mechanism of emplacement of the
1.87-1.84 Ga GSDG suite of intrusive rocks” in the
main text). The garnet-bearing leucogranitoid belongs
to the Granite-pegmatite (GP) intrusive suite in the
Bergslagen region.

Sample description

The dated sample at Haninge (see Fig. 14 in the main
text) is a garnet-bearing, leucocratic metagranitoid
(Fig. XIIa) that occurs as larger lenses and thinner
sheets or veins in a migmatitic paragneiss. The leuco-
cratic metagranitoid is interpreted as a product of ana-
texis in a region where both sedimentary rocks and
GDG granitoids are affected by high-grade metamor-
phism (Stidlhos 1969). The dated leucocratic metagrani-
toid is affected by a distinctive linear grain-shape fabric
(Fig. XIIb) that plunges gently towards the east-north-
east. The occurrence of similar leucocratic sheets or
veins both along the axial surface traces of mesoscopic
folds and as folded entities (Fig. XIIc) suggests that
the leucocratic metagranitoid is broadly syntectonic in
character, i.e. it formed during regional deformation.
The migmatite consists of flattened inclusions of in-
ferred metasedimentary rock in a diatexite that is partly
gneissic in character (Fig. X1Id).

Analytical results and interpretation
of geochronological data

The garnet-bearing, leucocratic metagranitoid contains
both zircon and monazite crystals and both these min-
erals were dated. Most zircons are pale to dark brown
in colour. Length to width ratios are generally 1 to 5.
Some zircons have sharp edges but most grains are
more or less rounded, metamict and rich in fractures.
The majority of zircons contain cores or overgrowths
and the cores are either euhedral or rounded.

Three zircon fractions were analysed. The zircons in
fraction 1 are magnetic. They were chosen since they
were less rounded than the non-magnetic zircons and
did not show any cores or overgrowths. The grains in
this fraction are elongate with length to width ratios
of 3 to 8 and are only slightly metamict. This frac-
tion was not abraded, since the elongate shape of the
crystals renders them more prone to breakage rather
than abrasion. The zircons in fractions 2 and 3 are
non-magnetic and the zircons in fraction 3 are partly
metamict. Fractions 2 and 3 were strongly abraded
prior to analysis.
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Fig. XII. Field relationships at the sampled locality, Haninge, Stockholm. A. Garnet-bearing, leucocratic metagranitoid sampled for U-Pb (zir-
con, monazite) dating purposes. B. Linear grain-shape fabric in the sampled garnet-bearing, leucocratic metagranitoid. C. Leucocratic meta-
granitoid as both folded sheets or veins and as an occurrence along the axial surface trace to a mesoscopic fold in diatexite. D. Inclusions of
inferred metasedimentary rock in diatexite.

Two monazite fractions were analysed. The mona-
zite grains are greenish yellow, and both clear and tur-
bid crystals are present. The majority of crystals are
rounded and most are oblate in shape. The monazites
in fraction 2 are smaller and paler than those in fraction
1. The monazites were not abraded prior to analysis.

The analytical results are presented in Table XI and
a U-Pb concordia diagram that summarizes all the
analyses is presented in Figure XIII. If a discordia line
is constructed through the two data points defined by
the zircon fractions 1 and 3 (Fig. XIII), the upper and
lower intercept ages on the concordia are 18775 Ma
and 258194 Ma, respectively. If a discordia line is
constructed through the essentially two data points
defined by the zircon fraction 2 (single crystal) and
the two monazite fractions (Fig. XIII), the upper and
lower intercept ages on the concordia are 18383 Ma
and 3394350 Ma, respectively. The significance of such
discordia lines is highly questionable, bearing in mind
the occurrence of only two points along each line. It is
apparent that the interpretation of the results of this
study is uncertain.

MICHAEL B. STEPHENS m.fl.

Onepossibleinterpretationisthattheolder®”’Pb/**Pb
ages from zircon fractions 1 and 3 represent the forma-
tion of the garnet-bearing, leucocratic metagranitoid at
or prior to 1.87-1.86 Ga, while the younger **’Pb/**Pb
ages from monazites and zircon fraction 2 represent
subsequent deformation and metamorphism around
1.8 Ga. A second possibility is that the zircons in frac-
tions 1 and 3 represent grains inherited from the source
rock to the leucocratic metagranitoid with ages greater
than 1.86 Ga and that the leucocratic metagranitoid
actually formed around 1.8 Ga during regional defor-
mation and metamorphism, including migmatization,
as represented by the monazites and zircon fraction 2.
A third possibility, favoured here, is that the zircon and
monazite ages are the result of a mix between different
geological events prior to 1.86 Ga and around 1.8 Ga.

A protolith age of 18383 Ma was presented on
the structural, metamorphic and isotope age map
for Bergslagen (Stephens et al. 2007b). Although the
geochronological work has provided some constraints,
the igneous crystallization age of this garnet-bearing
leucogranitoid and the timing of migmatization are not



Table XI. U-Pb TIMS isotopic data for zircons and monazites from an anatectic, garnet-bearing, leucocratic metagranitoid in migmatitic par-

agneiss, Haninge.

Fraction No.of Weight U Pb,; CommonPb 206Pb/24ph  206pp—207pp-208py  206pp /238y 207ppy /235y  207pp[206pp gge
crystals (pg) (ppm)  (ppm) (ppm) (atom %) (Ma)
Zircon
1 12 95 9432 2835 120 11933 87.8-10.0-2.2 0.3055+17 4.798+27  1863+2
2 1 4.4 655.6 2019 0.20 19689 88.9-10.0-1.1 0.3183+15 4.914+24 183242
3 3 73 640.7 201.8 0.52 15619 88.3-10.1-1.6 0.3228+13 5.094+22 1871+2
Monazite
1 1 6.6 20825 58652 641 5025 10.0-1.1-88.9 0.3235+16 5000426 183442
2 4 71 17403 39728 1.50 18513 12.3-1.4-86.3 0.3234+13 5.002+21 1835+2
1900 Constraints from U/Pb zircon and titanite geo-
0,341 %Fr,";;gzﬂgnsgdii‘;‘cﬁ:ﬁm‘;:etagmnimid chronology. Precambrian Research 161, 250-278.
MBS000132A Lundstrom, 1., 1995: Beskrivning till berggrunds-
kartorna Filipstad SO och NO. Sveriges geologiska
0,337
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Fig. XlIl. Concordia diagram showing the U-Pb TIMS data for zircons
and monazites from an anatectic, garnet-bearing, leucocratic me-
tagranitoid in migmatitic paragneiss, Haninge.

resolved. More detailed U-Pb SIMS work is needed to

reduce the uncertainties recognized here.
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