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Abstract

The Precambrian crystalline basement in Skane only outcrops in the large NW striking Horsts that are
roughly parallel to the Tornquist Zone. In the south-easternmost part of the Linderddsasen Horst in SE
Skéne, the Stenshuvud porphyritic granitoids previously considered to be Palaeoproterozoic volcanic
rocks, have been recently dated to 1458 Ma (Cegys ef al., 2002). This indicates that these rocks are
coeval with the Karlshamn granitoids in Blekinge as well as other granitoids in southern Sweden. This
poses questions regarding the relationship between the granitoids at Stenshuvud and the surrounding
rocks. In this study, the area around Sankt Olof, west of Stenshuvud, was mapped in the field and
structural, as well as petrographical, investigations were carried out. The main part of the present
thesis is a presentation of these new data, which also have been included in the structural-geological
map of SE Linderddasen presented in Celys et al. (2002). The aim of this study was to compare the
obtained structural, petrographical and geochemical data with previous work on the Stenshuvud area.

The crystalline bedrock west of Stenshuvud mainly consists of fine-grained, markedly foliated
gneisses and weakly foliated fine-grained granitoids. Some of these rocks have a porphyritic texture
similar to the one found in the granitoids from Stenshuvud. Thin aplitic, sometimes ptygmatic, veins
and younger pegmatites exist in the rocks from both areas. The biotite is phlogopitic in all the analysed
samples of fine-grained granites from the study area and in the granites from Stenshuvud. Chemically,
the fine-grained granites are all similar to each other, and to the Stenshuvud granites which is
particularly true in regard to REE- and other trace-elements. Many features indicate that the fine-
grained granites of the study area are of the ‘Stenshuvud type’. West of this area, close to the small
village of Taghusa, there is an elongate intrusion composed of fine to medium-grained gneissic
granitoids, dated to 1442 Ma (Ceys et al., 2002). In the field, the distinguishing feature of these rocks
is the aggregates of mafic minerals that define the foliation. Another difference is the composition of
biotite, which is richer in iron than that in the granites further to the east. The chemistry of the rocks
from the Téghusa intrusion, differ somewhat from the easterly granites in regard to the major
elements, while the trace elements are similar.

The rocks in an area to the west of the Téghusa intrusion are gneissic to migmatitic, and vary in
composition. They are of unclear origin and might represent remnants of older country rock.
Occasionally, the gneisses, and the migmatites, are garnet-bearing: the garnet is Mn-rich in the
gneisses.

A more or less pronounced NNW-striking foliation has been found in most of the outcrops of the
area, indicating that regional deformation had taken place. The foliation varies from magmatic to
migmatitic, and in some cases is mylonitic. The elongate shape of the Taghusa intrusion, stretching in
the same direction as the foliation, is yet another indication that the area was affected by deformation
during, and somewhat later than, the ca. 1.46 to 1.44 Ga magmatism.

Charlotta Janson, Department of Geology, GeoBiosphere Science Centre, Lund University, S6lvegatan
12,223 62 Lund.
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Sammanfattning

Den prekambriska, kristallina berggrunden i Skéne é&r blottad endast i de stora nordviststrykande
horstar som &r ungefir parallella med Tornquistzonen. P4 den sydostligaste delen av Linderddsasen i
syddstra Skane har Stenshuvuds porfyritiska granitoider, som tidigare antogs vara paleoproterozoiska
vulkaniter, nyligen daterats till 1458 Ma (Cegys et al., 2002). Detta tyder pé att bergarterna dr samtida
med Karlshamnsgranitoiderna i Blekinge samt andra granitoider i sodra Sverige, vilket vicker frégor
om forhdllandet mellan granitoiderna pa Stenshuvud och dess omkringliggande bergarter. I denna
studie har omrédet runt St. Olof, vdster om Stenshuvud, karterats och strukturella savil som
petrografiska undersdkningar har utforts. Den storsta delen av denna studie 4r en presentation av dessa
nya data, som ocksd &r inkluderade i en strukturgeologisk karta éver SO Linderddsasen, publicerad i
Celys et al. (2002). Syftet med denna studie har ocks3 varit att jimfora de insamlade strukturella,
petrografiska och geokemiska data med befintliga data fran Stenshuvudomradet.

Den kristallina berggrunden véster om Stenshuvud bestdr huvudsakligen av finkorniga, savil
starkt folierade granitoida gnejser som svagt folierade finkorniga granitoider. En del har en porfyritisk
textur liknande den som Aaterfinns i granitoider frin Stenshuvud. Tunna apliter, som ibland #r
ptygmatitiska, samt yngre pegmatiter aterfinns i bdda omradena. Biotiten #r flogopitisk i alla prover av
finkorniga graniter fran det studerade omridet samt i graniter frin Stenshuvud. Kemiskt uppvisar
dessa finkorniga graniter stora likheter med varandra, och med Stenshuvudgraniterna, vilket ér sirskilt
tydligt vad géller REE- och andra spéarelement. Mycket tyder pa att dessa finkorniga graniter frin det
studerade omradet &r av ”Stenshuvudtyp”. Vister om detta omrade, i nirheten av byn Taghusa, finns
det en avléng intrusion bestdende av fin- till medelkorniga gnejsiga granitoider, som #r daterade till
1442 Ma (Cetys et al., 2002). Det i filt mest utmirkande draget for denna bergart, 4r de mafiska
aggregat som definierar foliationen. En annan skillnad ér att biotitens sammansittning 4r mer jarnrik
an den ér i graniterna lingre Gsterut. Kemiskt skiljer sig TAghusaintrusionen en del fran de finkorniga
granitoiderna Osterut, samt dem frdn Stenshuvud, nir det géller huvudelementen, medan
sparelementen uppvisar stora likheter.

Bergarterna i ett omréde strax véster om Téghusaintrusionen #r gnejsiga till migmatitiska och
varierar i sammanséttning. De &r av oként ursprung men kan eventuellt representera dldre bergarter
inom omrédet. Ibland &r gnejserna och migmatiten granatforande: granaten ér manganrik i gnejserna.

En mer eller mindre uttalad NNV-strykande foliation har aterfunnits i de flesta hillar i omrédet,
vilket tyder pd att en regional deformation forekommit. Foliationen varierar frén att vara magmatisk
till att vara migmatitisk och &r i ndgot fall mylonitisk. TAghusaintrusionens avlinga form, utstrickt i
samma riktning som foliationen &r ytterligare en indikation pa att omradet utsattes for deformation
dtminstone under, och strax efter, den magmatism som radde mellan ca 1.46 och 1.44 Ga.

Charlotta Janson, Geologiska institutionen, Centrum for GeoBiosférvetenskap, Lunds Universitet,
Solvegatan 12, 220 62 Lund.
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Introduction and purpose

The present thesis is a part of the investiga-
tions of the Precambrian crystalline basement
in Skéne. There, it is largely covered by
Phanerozoic sediments; outcrops only exist
in the Horsts formed by fault tectonics along
the Phanerozoic, NW-striking Tornquist
Zone. Although different geophysical
methods have been applied to understand
crustal structures and compositions of the
crystalline rocks, large parts of Skéane’s
geological history in the Precambrian are still
poorly known.

The study area is located in SE Skéne on
the Linderddsdsen Horst. There, the crys-
talline rocks are mainly fine-grained to
medium-grained gneisses. Less deformed
granitoids of clearly intrusive origin are com-
monly called ‘gneissic granites’. Rocks with
a porphyritic appearance, described as
coarsened volcanic rocks with a porphyritic
structure, exist in the area around
Stenshuvud, the south eastern-most part of
the Linderédsdsen Horst (Wikman and
Bergstrom, 1987). It has been suggested that
these rocks be related to some of the
Blekinge rocks, either the older Vistand
supracrustals, or the younger ca. 1460 to
1450 Ma Karlshamn group (Wikman and
Bergstrom, 1987; Kornfilt and Vaasjoki,
1999). Toérnebohm and Hennig (1903)
described the Stenshuvud rocks as granites
with a porphyritic appearance, and in recent
investigations, Ce&ys et al. (2002) also have
come to the same conclusion. A radiometric
dating on the Stenshuvud granitoids shows
that the rocks are ca. 1458 Ma old, and thus
coeval with some granites of the above-
mentioned Karlshamn group in Blekinge.

The purpose of this study was to
investigate the relationships between the
Stenshuvud granitoids and the surrounding
rocks. The area around Sankt Olof, to the
west of Stenshuvud, was chosen for field
mapping and structural  observations.
Samples were taken for petrography and
geochemistry. The rocks were analysed with
an optical microscope and microprobe to
describe textures, minerals and mineral com-

positions. Powdered samples were prepared
for geochemical analyses. The main part of
this thesis is a presentation of these new data.
The intention is also to compare the obtained
structural, petrographical and geochemical
characteristics of the granitoid rocks from the
study area, with available data from the
Stenshuvud area. The obtained data are
included in the structural-geological map of
the bedrock in SE Skéne presented in Celys
et al. (2002).

Regional geology of southern Sweden
and recent studies in the area

In Sweden, the Baltic Shield consists mainly
of Palaeoproterozoic (2500-1600 Ma) rocks.
The crust in the north is oldest, and from
there, it is generally younging to the south.
The  Mezoproterozoic  (1600-1000 Ma)
crystalline rocks are most abundant in the
southern parts of Sweden (Figure 1).

The Transscandinavian Igneous Belt
(TIB)

The TIB is composed by intrusive and ex-
trusive ca. 1.80-1.66 Ga, mostly felsic rocks.
They can be traced in S. Sweden from
Sméland to Vérmland. Contemporaneous
(e.g. 1769+£2 Ma and 1767+13 Ma, Kornfilt,
1993b), slightly deformed, more mafic
varieties of the TIB granites have been found
in the county of Blekinge (cf. Johansson and
Larsen, 1989; Kornfilt, 1996). These, so-
called ‘gneissic granites’ and Tving
granitoids, form large massives in the
northern and eastern parts of the county.
Recent datings of the crystallisation ages of
some orthogneisses in ‘the Eastern Segment
of the Sveconorwegian orogen’ (ES) have
yielded both similar and slightly younger
ages (1674 £7 Ma, Soderlund et al., 1999;
1627 £4 Ma, Soderlund et al., 2002).



1.46-1.42 Ga rocks, southern Sweden

The Karlshamn group in the county of
Blekinge represents the most known part of
the intrusions formed during the ca. 1.46 to
1.42 Ga granitoid magmatism in southern
Sweden. It constitutes a relatively large part
of the bedrock in Blekinge and includes the
Karlshamn, Spinkaméla, and Vénga granites.
Several studies have been published, where
the dating results on the Karlshamn granites
vary between 1445 and 1458 Ma (Kornfilt,
1996; Kornfilt and Vaasjoki, 1999; Ceéys et
al,, 2003). Furthermore, in Celys et al.
(2003), an age difference was noticed be-
tween the eastern part (1445 £11 Ma) and the
western part (1426 +11 Ma) of the Karls-
hamn pluton. The Vénga granite north of
Kristianstad has recently been dated to 1448
+25Ma in a U-Th, total Pb model age
microprobe study on zircon by Geisler and
Schliecher (2000). This method has earlier
only been used on minerals with high U, Th
and Pb contents, mainly monazite.

The TIB rocks in Smaland are also intru-
ded by a few massifs of similar ages. Several
new datings have been published in Ahill
(2001), among others, the Goétemar and
Jungfrun granites were dated to 1452 +11/-9
and 1441 £2 Ma respectively. These results
agree better with the general development in
southern Sweden, than did the old Rb-Sr
whole rock analyses (e.g. Berg et al., 1983;
Aberg, 1986).

Recent datings on secondary zircon and
rims of magmatic zircons from orthogneisses
in the ES have yielded ages between 1.46 and
1.42 Ga (Soderlund et al, 2002 and
Christoffel et al.,, 1999). Datings on granitic
and aplitic dykes also have given similar
results (e.g. Soderlund 1996). In the ES, no
larger granitic intrusions of that period have
been found, however, Séderlund ef al. (2002)
suggest that such could exist deeper in the
crust.

The Protogine Zone (PZ)

The PZ (ca. 1200-900 Ma) is an important
tectonic structure stretching from Dalarna in
the north, Skane in the south. It is marked by

syenitic, granitic and mafic intrusions and
narrow zones of foliation (Wikman and
Bergstrom, 1987). The PZ roughly follows
the Sveconorwegian frontal deformation
zone (SFDZ), separating the strongly defor-
med and migmatised rocks of the Sveco-
norwegian orogen, from the less deformed
Palaeoproterozoic crust of SE Sweden
(Wikman and Bergstrom, 1983). The exact
extension of the PZ in Skane is hard to define
because of the sedimentary cover and faul-
ting along the Tornquist Zone. It can roughly
be traced from Gorbjérnarp/Lonsboda on
Linderddsésen in north-eastern Skéne to
Romeledsen in the south (Wikman and
Bergstrom, 1983).

Eastern Skane

In eastern Skane, the Precambrian rocks are
mainly fine-grained grey to red gneisses.
They partly originate from deformed and re-
crystallised granitoids and partly from supra-
crustals. Fine-grained, quartz-rich gneisses in
the northern parts, are likely to be recrystal-
lised sedimentary rocks. Some clearly intru-
sive, less deformed granitoids are called
‘gneissic granites’, these are usually more
homogeneous and less fine-grained than the
gneisses (Wikman and Bergstrom, 1987).
NW-running Phanerozoic diabase dykes
penetrate the Precambrian basement parallel
to the Tornquist Zone. Large parts of the Pre-
cambrian rocks are still unknown because of
the rare outcrops.

On the provisional geological map over
Skéne, volcanic porphyries are shown in the
area of Stenshuvud (Bergstrom et al., 1988).
Recent research (Ceys et al, 2002) has
included detailed field mapping, interpre-
tation of geophysical maps, geochemical
analyses, petrography and U-Pb dating on
zircons. Accordingly, the rocks are fine-
grained granites to granodiorites, mainly
showing a porphyritic texture. In micro-scale,
the ‘phenocrysts’ are distinguished as aggre-
gates of larger sized feldspars, quartz-grains
or mafic minerals- i.e. the rocks are glomero-
porphyritic. The rocks are generally foliated,
varying from magmatic foliation to strong
solid-state deformation. The latter is obser-



ved in several shear zones. One distinct shear
zone is located in the western part of the
Stenshuvud National Park. There the granitic
rocks are turned into mica-schists and
mylonites (Cedys et al., 2002). Two gene-
rations of pegmatitic dykes and aplitic veins
crosscut the rocks; the aplitic veins some-
times form beautiful ptygmatic folds. The U-
Pb dating on zircons, has yielded an age of
1458 +6 Ma which corresponds well to the
ages of the Karlshamn Group in Blekinge (cf.
Kornfilt, 1996 and 1999; Cedys et al., 2003).

The study area: macroscopic and

microscopic investigations

The study area is roughly outlined by the
small villages of Bistekille, Sankt Olof and
Téghusa on SE Linderddsasen. Outcrops of
the crystalline rocks vary from accessible
road-cuts to flat surfaces and the rock quality
from heavily weathered to almost fresh.

Methods

The rare outcropping complicates the out-
lining of different rocks hence aeromagnetic
maps (SGU, 1998) have been of use, where
bodies of rocks producing significantly high
magnetic anomalies are easily singled out.
The Soil and Ecological map (Esko, 1985)
and field notes (SGU, unpublished data) were
used to locate outcrops of granitic rocks.
Samples were then taken for petrography and
geochemistry.

Thin-sections from the different rocks
were examined optically under a polarising
microscope. Several samples were also
analysed with a scanning electron micro-
scope: Jeol, JSM6400 equipped with a Link-
EDS system (Lund University, Sweden). The
acceleration voltage was set at 18 kV and
natural and synthetic minerals have been
used as standards. The main minerals of
interest were biotite and plagioclase and, if
present, amphibole and garnet. All the data
are presented in Appendix L

Results

Field mapping, sampling and petrographic
investigations have lead to the sub-division
of the crystalline rocks into different groups
(Figure 2 and Figures 4-5g). These divisions
have mainly been based on rock appearance
in outcrops, hand specimens and micro-
textures and have been confirmed by
mineral- and chemical compositions. Point
counting (Appendix II) and plotting of modal
compositions in the Streckeisen-diagram
(Streckeisen, 1967) have also been used for
an approximate classification of the rocks
studied (Figure 3). The groups are: 1) the
fine-grained porphyritic granites (PGs),
occupying the eastern part of the study area.
Common features are a sometimes glomero-
porphyritic texture, magnesium rich biotites
and numerous small inclusions of microcline,
biotite, opaques and rutile needles in quartz
grains; 2) the westerly Tdghusa gneissic
granitoids (TGGs) (in Cedys et al., 2002,
referred to as the Téghusa streaky grani-
toids). They are easily recognised as
granitoids with aggregates of mafic minerals
defining the foliation; 3) fine- to medium-
grained leucogranites, including both veins
in the Téghusa gneissic granitoids and
sample cjl4 at the border of the TGG
intrusion; 4) the country rocks: migmatites,
banded gneisses and garnet gneisses
occupying the area along the south-western
border of the Taghusa intrusion.
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Segment (c. 1.85-1.65 Ga)

morphosed TIB rocks

Mesoproterozoic granitoids
(1.46-1.42 Ga)

il Rl

Phanerozoic sedimentary rocks

Figure 1

Heterogeneously deformed and meta-

———

616850

—~—

J 140000 140500

Biistekille i %}&
\Y

Stenshuvud

cj58a
o
R
cj20/A29$‘\\ -
S
179 Stubbardd
<) Y

Tangdala

R
gl = Baltic Sea

617500

616850

139150 [139500 J140000 140500
Téaghusa gneissic granitoids -
a) biotite- and b) biotite and

L . -
Granodioritic gneisses **v| Shear zones

a b  amphibole bearing Ptygmatic aplites; the white line shows Styilcecof Biliatiuns o vertionls

Stenshuvud type granitoids- the strike of the axial plane

D Fine grained porphyritic granites Leucogranites -
E:E\ Even-grained granites l% | Conuniry grelises Sites of observation

vertical; d) dip unknown.

L=/ a) Mapped; b) Inferred

[ Porphyritic tonalit d ;
A Phanerozoic mafic dykes

quartz monzonites

Roads
Figure 2

b) steep dip; c) dip other than

Figure 1. Sketch map of southern Sweden, (modified from Wahlgren ef al., 1994 and Soderlund et al., 2002).

The black frame shows the location of the study area.
PZ (Protogine Zone), SFDZ (Sweconorvegian Frontal Deformation Zone).

Figure 2. Geological map over the study area (roughly outlined by the black dashed frame) and the area east thereof,

modified from Cecys et al. (2002). White lines represent structural measurements of this study, black lines
represent those from Cecys ef al. (2002).




The porphyritic granites (PGs)

The PGs occupy a large part of the study
area, and they are bounded by the TGGs in
the west (Figure 2). The PGs are fine-grained
and light grey to light red (Figure 4a-d). The
PGs change in appearance close to the out-
lines of the TGGs, for example in a road-cut
near Bistekille at the eastern border of the
intrusion. There, the rocks show signs of re-
crystallisation; they are coarser (Figure 4e),
foliated and to some extent migmatised.
These rocks still contain Mg-rich biotite,
indicating that they originally were similar to
the PGs in the surrounding area.

Aplitic veins without chilled contacts,
some of which are ptygmatic, exist at several
localities. Wider pegmatitic dykes are also
common.

The main minerals of the PGs are quartz,
microcline and plagioclase. Other minerals
are biotite, opaques, apatite, zircon, titanite,
epidote and rutile. The PGs sometimes have
a porphyritic or glomeroporphyritic texture,
with aggregates of phenocrysts set in a finer-
grained matrix (Figures 5a-c). Generally, the
felsic aggregates consist of up to 2.5 mm, an-
hedral grains of feldspars and some quartz.
Mafic aggregates are made up by biotite,
opaques and titanite (Figure 5b), large single
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grains of quartz are also present. The matrix
is composed of up to 0.5 mm, anhedral grains
of quartz, plagioclase and microcline, and
sometimes grains of opaques and biotite.
Quartz is more abundant in the matrix than in
the felsic aggregates. Thin rims of albite or
micro-myrmekite are common between
microcline grains and between plagioclase
and microcline (Figure 5d).

Some quartz grains have numerous in-
clusions of small (<0.05-0.1 mm) rounded
microcline grains, biotite, opaques and
needles of rutile (Figure 5e). The microcline
is often microperthitic containing numerous
needle-shaped exsolusions of albite. Some
flame-shaped exsolusions appear closer to
the grain boundaries. Inclusions are small
(0.1-0.2 mm) rounded quartz grains, plagio-
clase and a small amount of opaques, titanite
and biotite. The plagioclase varies in compo-
sition between An,y; and Anpg (Figure 6a).
The grains are often partly altered and some-
times they show twinning. The plagioclase
contains inclusions of rounded 0.05 to
0.14 mm quartz grains, rounded microcline
grains, opaques around which alteration has
increased, titanite, and some biotite. The
latter is only found in the plagioclase com-
posing the matrix.
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Figure 6. Compositions of rock-forming minerals from the studied rocks: a) Plagioclases from all analysed samples
are mainly of oligoclase (Anjp-Ansg) composition. Albitic compositions are obtained from clearly visible rims.
Similar rims are found in all types of rocks in the study area; b) Diagram showing analysed compositions of biotites
from the studied samples. The grey shaded area represents analyses from a Stenshuvud granite (Cecys et al., 2002)
for comparison. The magnesium number (Mg?*/Mg>*+Fe?") is plotted on the X-axis, and Al"' per 22 O (Speer,
1984) on the Y-axis; ¢) Analyses on amphibole from sample cj46. Pargasite- AlV'>Fe*, Hastingsite- Al"'<Fe*".
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Figure 4. (a)

Figure 5. (a)
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Figure 4. Fine grained granites of the Stenshuvud type:

a) Sample cj02 a relatively even-grained type;

b) Sample ¢jl17, a glomeroporphyritic granite; a vague
foliation, parallel to the black dashed line, can be
distinguished; ¢) Sample cj16: a very fine-grained
porphyritic granite; d) Sample ¢j20 from an outcrop
close to the border of the TGG intrusion; €) Sample
¢j20b, a more coarse-grained variety from the same
outcrop.

(Figure 5 continues on the next page)




\ Figure 7. (a)

1 Figure 7. The Tdghusa gneissic granitoids with aggregates
i of mafic minerals forming the foliation.
a) The biotite- and hornblende-bearing type (sample cj46);
b) The biotite-bearing type (sample cj26).

0.5 mm

Figure 5. Examples of microstructures in the fine
grained porphyritic granites: a) A microcline aggregate
within a fine grained matrix (sample cj17);

b) A mafic aggregate composed of biotite, opaque,
apatite and titanite (sample cj17); c) A very fine
grained porphyritic rock (sampe cj16) with larger
crystals of feldspar and quartz. The foliation is defined
by aligned biotite flakes. d) Albite rims on a plagioclase
grain surrounded by microcline (sample cj20).

€) A quartz grain with numerous minute inclusions,
often present in the porphyritic granites (sample cj20).

Abbreviations in micro-photographs: Qz (quartz); Mi
(microcline); Pl (plagioclase); Amph (Amphibole); Bi
(Biotite); Op (opaque); Grt (garnet); Alb (albite); Ti (titanite);
Myrm (myrmekite); Sympl (symplektite); Ap (apatite); Chl
(chlorite); Def (deformed); Fgr (fine-grained).

(b)




Figure 9.

Figure 9. The leucogranite (sample cj14).

Figure 8. Microphotographs of the Taghusa type
granitods (sample cj46). a) An aggregate of felsic
minerals with preserved magmatic textures; b)
Deformed microcline with flame shaped exsolved
albites. Thin rims of albite and of myrmekite surrounds
plagioclase adjacent to microcline; ¢) Strongly
deformed plagioclase. Aggregates of mafic minerals are
also seen; d) Biotite hosting a net of titanite needles (the
directions are indicated by thin white lines). See also the
symplectite of quartz and biotite that surrounds an
amphibole (the area within the dashed lines).

mclg’

Figure 10.
Figure 10. Microphoto of the leuco-granite (sample

cj14). Embaying contacts are seen between several
minerals.
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Figure 13.

LRALE
Figure 16.
Figure 11. The migmatite from Noteboda (sample cj51).

Figure 12. The banded gneiss (sample ¢j30). Thin bands of leucocratic
material are interlayered with grey gneissic parts are seen in the
picture.

Figure 13. The granitic garnet-bearing gneiss (sample cj31) with its
streaky red-grey pattern.

Figure 14. Micro-photographs of the granitic garnet bearing gneiss.
(sample cj31) a) A foliation is defined by flakes of biotite (marked by
the red dashed line). b) Subhedral Mn-rich garnets, sometimes with
numerous inclusions in the core.

Figure 15. Figurel5. The quartz-syenitic garnet-bearing gneiss (sample cj47).

Figure 16. Microphotographs of the same rock showing the foliation
defined by alignied minerals. Small anhedral garnet grains are seen in
13 the upper part of the picture.
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The biotite is phlogopitic, in average [Kz s
Fe13s Mgsos Tioi2 Alaze Sisgs Oz (OH):l.
Compositional variations are noticed both
between samples from different localities and
within the samples (Figure 6b). The
pleochroic colours vary from light brown to
greenish brown and under crossed polars, the
colours are bright, which is common for
biotites with a high amount of magnesium.
Inclusions in the biotite are mostly quartz
grains. The opaque crystals are large (up to
1.5 mm), anhedral to euhedral and sometimes
poikilitic. Apart from the mafic aggregates, it
also exists as single grains in the matrix and
in felsic aggregates. The titanite is most
common as rims around opaques but also
occurs as rounded ‘droplets’ together with
felsic minerals. Zircon is included in biotite
and microcline and is associated with the
opaques. Apatite (up to 1.5 mm) occurs most
commonly together with mafic minerals.
Anhedral to subhedral crystals of epidote are
associated with biotite.

The Téaghusa gneissic granitoids (TGGs)

A body of fine- to medium-grained biotite-
bearing, and in one known case, biotite- and
hornblende-bearing, gneissic granitoids has
been found west of the PGs (Figure 2). The
presence of these rocks has been established
in numerous outcrops. There are several good
localities near the small village of Taghusa,
hence the name used for this type of rock. A
U/Pb multigrain zircon dating on the
hornblende-bearing sample of the TGGs
(sample cj46) has given an age of
144249 Ma (Cedys et al., 2002).

The TGGs are easily recognised as a
large positive high on the magnetic anomaly
map (SGU, 1998). From this, the size of the
TGG intrusion can be estimated to be
approximately 1.5x 10 km. The anomaly
pattern of this high indicates some internal
inhomogenities that might be due to the
existence of several sub-phases. The TGGs
vary in colour from light grey to light red.
The most striking feature of the TGGs is the
aggregates of mafic minerals that form
elongate, sub-parallel domains, and define
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the foliation in the rocks (Figures 7a and b).
Minerals visible in hand specimen are quartz,
microcline, plagioclase, biotite, amphibole
and opaques. Amphibole exists only in the
more mafic part of the granitoids, one of the
above-mentioned sub-intrusions.

The TGGs are mostly composed of
quartz, microcline, plagioclase, and mafic
minerals such as biotite, amphibole (sample
cj46) and opaques. Accessory minerals are
apatite, zircon, titanite and allanite (sample
cj46). Within the mafic aggregates
mentioned above, biotite and, when present,
amphibole are often aligned sub-parallel or
parallel to the foliation. Occasionally,
elongate grains of quartz and microcline are
also aligned parallel to the foliation.
Aggregates of larger sized (up to 4 mm)
grains of microcline and plagioclase are also
common (Figures 8a-c). Although the
magmatic textures with sharp, straight
boundaries are sometimes preserved within
the felsic aggregates (Figure 8a), their
outlines are mostly ragged. The aggregates
are separated by a finer grained (ca. 0.5 mm)
matrix, where quartz is more abundant than
in the felsic aggregates.

Large grains of microcline and some
plagioclase exhibit undulose extinction
(Figures 8b and c). Quartz exhibits deforma-
tion ranging from undulose extinction to
subgrains. Zones of very small quartz grains
are present in sample cj26. Reaction rims
between different minerals are common.
Thin rims of albite and very fine myrmekite
are common around plagioclase grains
bounded to microcline (Figure 8b) and the
opaque grains sometimes have a corona of
titanite. Micro-symplectitic rims of biotite-
quartz and epidote-quartz sometimes replace
hornblende in sample cj46 (Figure 8d).
Biotite in the same sample is poikilitic and
hosts a net of titanite needles, strictly
arranged in three directions (Figure 8d).

The quartz grains are irregularly shaped.
Inclusions are few and are mainly small
grains of opaques and fine needles of rutile.
The microcline is often microperthitic and
needle-shaped exsolusions of albite are



common. Some exsolusions are, however,
flame shaped or patchy. The grains vary in
size, and shape but are mostly large and
anhedral to subhedral. Inclusions are small
(0.05 to 0.4 mm) quartz blebs, plagioclase
grains and a few grains of biotite and
opaques. The plagioclase (Any; to Any;)
(Figure 6a) occurs as anhedral to subhedral,
often heavily altered grains. Magmatic,
chemical zoning has not been observed. Only
a few grains show twinning. Inclusions in the
plagioclase are mostly 0.05 to 0.4 mm quartz
blebs, but there are also a few grains of
microcline, hornblende, biotite and opaques.

The biotite has the average composition
[Ki9s Fesin Mgiog Tipos Alrge Sises Oz
(OH)4] (Figure 6b). The pleochroism is
strong and the colour varies from yellow to
brownish green. In some samples, biotite is
partly altered to chlorite. The amphibole
[Nagas Ko7 Cajos Ferg9 Mgies Tig17 Alizn
Sigs3 O (OH), in average] is of ferro-
edenitic to ferroan pargasitic composition
according to the classification of Leake et al.
(1997). The composition is constant and does
not vary between the rim and the core
(Figure 6¢c). The crystals are anhedral to
subhedral, ca. 1 mm and often show the
typical amphibole cleavage. This amphibole
is strongly pleochroic and the colours vary
from olive green to yellow. The crystals are
poikilitic and contain rounded quartz grains.
Zircon is included in the plagioclase and the
microcline and occurs together with quartz
and mafic minerals.

The leucogranites

A fine-grained, reddish leucogranite (cjl4)
(Figure 9) has been found in one locality
close to the boundary of the Téaghusa
intrusion. Some larger grains of quartz,
mirrors of feldspars and sometimes opaques
can be distinguished in hand specimen. As
mentioned above, veins of similar material
are also present within the TGGs.

The major minerals in the leucogranite
(sample cjl4) are quartz, microcline and
plagioclase (Figure 10). Opaque minerals:
biotite, epidote and zircon compose only ca.
3% of the rock volume. Embaying grain
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boundaries are common between microcline,
plagioclase and quartz grains (Figure 10).
Thin rims of albite and myrmekite are
common around plagioclase bordering to
microcline.

Larger grains of quartz exhibit undulose
extinction and smaller grains show undulose
to straight extinction. Inclusions in quartz are
plagioclase, biotite, opaques and zircon. The
microcline is anhedral and is commonly
microperthitic or contains spots of perthite
(Figure 10). It often contains inclusions of
small rounded quartz grains, angular plagio-
clase and sometimes biotite or opaques. The
plagioclase is anhedral to subhedral; the
latter is usually seen in smaller grains with
good twinning. Some larger grains are also
twinned. Inclusions are rounded grains of
quartz and opaques. A few plagioclase grains
contain spots of microcline, all of them
having the same crystallographic direction.

The biotite shows pleochroic colours,
varying from almost white, to dark green.
Biotite is sometimes replaced by chlorite or
epidote. Epidote also substitutes for altered
plagioclase. The opaques are anhedral to
euhedral. They mostly appear as single grains
but in a few cases, they occur together with
biotite. Some grains of zircon are included in
the quartz and microcline.

The country rocks

The term ‘country rocks’ has been used to
cover a group of fine- to medium-grained,
gneissic to migmatitic rocks of unknown
origin. They might represent remnants of
older rocks within the study area. The
‘country rocks’ are located in a zone
following the western boundary of the TGGs
and reaching Sankt Olof in the south. Their
appearances vary almost from one outcrop to
another. They show different degrees of
metamorphism, deformation and recrystal-
lisation, from more developed migmatites
and banded gneisses, to garnet gneisses. The
migmatites and banded gneisses are most
common, while the garnet gneisses are only
found in two outcrops just north of Sankt
Olof. These garnet gneisses are of two
different compositions, one is granitic and
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one is quartz syenitic. A garnet-bearing
migmatite is also located close to the small
village of Noteboda.

Migmatites.- The migmatites (Figure 11) are
light red to light grey and mostly fine-
grained, but vary to medium-grained. The
migmatisation varies from stromatic with
thin discontinuous stripes of leucosome,
elongated parallel to the foliation, to nebulitic
with patches of leucosome grading to the
gneissic parts of the rock. Quartz, microcline
and plagioclase are visible in hand specimen.
Garnet grains, up to 20mm in size
characterise the migmatites in outcrops
outside Noteboda. There are no previous
records of such large garnets in these areas,
and further investigations have been planned.

The compositions and textures of the

migmatites vary between the different
localities. The main minerals in the
migmatites are quartz, microcline and

plagioclase. Biotite and opaques are the most
common mafic minerals. Some migmatites
contain garnet, other have amphibole.

Banded gneisses (sample cj30).- The banded
gneisses are dominated by grey, very fine-
grained gneissic parts, interlayered with thin
bands of light red rock (Figure 12). The
minerals are hard to distinguish in hand
specimen. The major part of the rock is fine-
grained (0.2 - 0.5 mm), with grey gneissic
bands mainly composed of quartz,
microcline, plagioclase and biotite. Other
minerals are opaques and zircon. The
foliation in the grey, gneissic part of the rock
is defined by subparallel flakes of biotite;
other minerals are randomly organised.

The gneissic parts of the rock are
interlayered with two types of leucosomes.
Both types are aligned with the foliation in
the rock. The most common one forms fine-
grained, thin, discontinuous stripes texturally
similar to the gneissic parts, except the lack
of mafic minerals. The other one composes
elongate lenses of mainly medium-grained
(up to 1.3 mm) microcline but also with some
quartz and plagioclase. Larger biotite grains
are often associated with this second type of
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leucocratic  domain.  Sometimes  the
leucosomes, particularly of the first type, are
associated with thin melanosome layers
enriched in dark minerals. Thin rims of albite
sometimes occur on plagioclase bordering to
microcline, or exist between microcline
grains.

The quartz grains are small and rounded
and mostly exhibit straight extinction.
Inclusions in quartz are biotite, opaque
minerals and zircon. The microcline is
sometimes  microperthitic. ~ Plagioclase,
biotite, and opaques and rounded quartz
grains are included in the microcline. The
plagioclase is anhedral and often altered. It is
without twinning and zoning. Inclusions in
plagioclase are quartz and opaques. The
biotite has a strong pleochroism and the
colour varies from dark brown to yellow.
Biotite is partly altered to chlorite. The
opaque grains are subhedral to euhedral.
Some are included in biotite. Zircon is
common together with biotite and quartz.

Garnet gneiss, granitic composition (sample
¢j31).- The very fine-grained garnet gneiss of
granitic composition, is found in a locality
just north from Sankt Olof. It has a streaky,
red-grey pattern (Figure 13) paralleling to the
foliation that is defined by single biotite
flakes. Feldspar mirrors and mafic minerals
can be distinguished in hand specimen.

The major constituents are quartz,
microcline and plagioclase; other minerals
are biotite, opaques, garnet, epidote and
zircon. The main part of the rock is very fine-
grained (0.2-0.5 mm), with no particular
orientation of the felsic minerals. Flakes of
biotite define the foliation in the rock (Figure
14a). Two types of felsic lenses are aligned
along with the foliation, contributing to the
gneissic appearance of the rock. One type is
composed of larger (up to 2 mm), elongate
grains of microcline and quartz. The other
one is similar to the matrix in texture and
composition but lacks mafic minerals.

Most of the quartz grains are small and
anhedral and have nearly straight extinction
(Figure 14a). A few grains are large and
elongate, exhibiting slightly undulose



extinction. In quartz, the inclusions are few
and consist of small grains of biotite,
microcline and euhedral grains of opaques.
Microcline is found as both large grains in
felsic domains and small grains in both
matrix and felsic domains. The larger grains
are commonly perthitic with flame-shaped
and patchy patterns. Some of the small grains
have no  microperthitic  exsolusions.
Inclusions in the microcline are grains of
rounded quartz, plagioclase, biotite, apatite,
subhedral opaques and zircon. The
plagioclase (An;;) (Figure 6a) is mainly
anhedral, though a few grains are subhedral.
It shows some alteration and some grains are
twinned. Plagioclase is often more albitic
towards the rim, preferably when bordering
to microcline. Inclusions are rounded quartz
grains, biotite and accessory zircon.

The biotite is annitic with the average
composition K; 9, (Nags) Fessi Mg a3 Tigor
A12.95 Si5,49 020 (OH)4 The magnesium
number (Mg”"/ Mg®*+ Fe*") ranges from
0.28 to 0.30 and the silica varies between 5.4
and 5.5 (Figure 6b). Biotite is strongly
pleochroic and varies from light brown to
greenish-brown. Much of the biotite is
replaced by chlorite, especially close to
garnet grains. The garnet is a spessartine,
(Fe1.46 Mn; 43 Mg 07 Cago) Aligs Sizgr Oy is
a representative analysis. The grains are
small (<0.4mm) and subhedral to
subeuhedral (Figure 14b). Cracks are
common, and sometimes the crystals seem
broken. Very small inclusions are often seen
in the core of the crystals (Figure 14b).
Opagques are few and subhedral to euhedral.
They are sometimes elongated along with the
foliation. Apatite grains are very small and
occur randomly in the rock. Zircon is rather
common in this rock. It occurs together with
quartz, biotite, plagioclase and opaques.

Garnet gneiss, quartz syenitic composition
(sample cj47).- A quartz syenitic garnet
gneiss (Figure 15) compose one outcrop
along the railway ca. 500 m from the granitic
gneiss mentioned above. The rock is red,
varies from fine- to medium-grained and is at
places even coarse-grained. Whereas the
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coarser parts seem only slightly deformed
and might represent the original parts of the
rock, the fine-grained parts are foliated.
Minerals visible in hand specimen are mainly
microcline, plagioclase and biotite. A
considerable amount of fluorite exists in
fissures.

The quartz syenitic garnet gneiss is
mainly made up of microcline, plagioclase
and quartz. Other minerals are biotite,
opaques, garnet, titanite, apatite, epidote and
zircon. The coarser parts of the rock have an
anhedral, interlobate texture. Quartz and
plagioclase are more common in these parts
of the rock. Aggregates of subhedral
plagioclase grains show magmatic textures.
Thin rims of albite and myrmekite occur both
where plagioclase borders to microcline and
between microcline grains in the coarser
parts of the rock.

The grain size in the finer grained rocks
varies from 0.2 to 2 mm. The foliation in the
fine-grained parts of the rock is mainly
defined by Dbiotite flakes.  Mineral
associations of quartz, plagioclase, and a
small amount of anhedral garnet are,
however, also aligned as are some elongated
mineral grains. The ‘matrix’ between these
zones often shows an interlocking texture,
dominated by microcline, but also containing
some quartz and plagioclase. Mafic minerals
are very rare in the matrix. Thin rims of

albite (and sometimes myrmekite) are
common on plagioclase bordering to
microcline.

The quartz is anhedral and shows only
slightly undulose extinction. Inclusions in
quartz are biotite, sometimes altered to
chlorite, and microcline. The microcline is
often microperthitic and Carlsbader law
twins have been found in several thin-
sections of this rock. Very large grains of
microcline contain inclusions of subhedral
plagioclase and irregular quartz grains.
Inclusions in smaller grains are rare. The
plagioclase (Anys to Anye) (Figure 6a) is
anhedral to subhedral and is often heavily
altered. Only a few grains show vague
twinning. In some cases, plagioclase contains
irregular spots of microcline, all showing the



same crystallographic directions. Inclusions
in plagioclase are quartz, biotite, some
apatite and euhedral grains of opaques.

The biotite [Ki98 (Nagos) Fesss Mgias
Ti0_31 A13_05 Si5,42 020 (OH)4] (Figure 6b) 18
often strongly altered to chlorite. Fluorite is
sometimes located within biotite crystals.
The garnet, with the representative
composition [(Fe;gs Mgoi4 Cagi17 Mnjgr)
Alyog Sizg1], occurs as fractured (< lmm),
banana-shaped, anhedral to subhedral
crystals in the foliated parts of the rock
(Figure 16). Some grains are elongated along
with the foliation. Opaques are few and
anhedral to euhedral.

Structural features of the area

Foliations have been observed in most of the
rocks within the study area. Often, it was
possible to measure only the strike of the
foliation because of the outcrop conditions.
The PGs vary from being vaguely foliated
with a slight alignment and elongation of
minerals or mineral aggregates, to being
strongly foliated or even partly migmatised.
In ¢jl6, quartz grains in the matrix only
shows vague undulatory extinction, and the
foliation is defined by aligned biotite flakes.

Strong foliation and migmatisation is
concentrated within several shear-zones, for
example along the eastern border of the
TGGs (locality ¢j20), and just to the north of
Stubbardd (locality cj18). In other localities
(e.g. cj17) elongate aggregates of felsic
minerals, define a vague foliation. The
foliation within the TGG is more
homogenous and is, throughout the rock,
defined by aggregates of mafic minerals.

The foliations within the PGs, the TGGs
and the country rocks, as well as the strike of
the shear zones vary with few exceptions
between 300° and 320°. The TGG intrusion
also stretches in the same direction.

As mentioned before, the PGs are cross-
cut by thin aplitic veins without ‘cold’
contacts. These sometimes exhibit ptygmatic
folds with the axial planes aligned parallel to
the prevailing foliation, resembling those in
Stenshuvud (cf. Celys et al., 2002). Wider
pegmatitic dykes also exist within the PGs.

18

Coarser segregations and veins of quartz and
feldspar, mostly having embaying contacts,
are observed in several localities of the
TGGs. These segregations sometimes cut the
foliation in the gneissic granitoids.

Geochemistry
Methods

Samples of the TGGs (cj26, cj39 and cj46),
the PGs (cj02, cj20, cj43 and cj58a) and the
country rocks (cj29, cj41 and cj47) and of
one leucogranite (cjl4), were chosen for
geochemical analyses. The samples were
crushed and then powdered in a mortar of
wolfram carbide. All samples, except two,
were sent to the Acme Analytical
laboratories Ltd., Canada. There, the analyses
for major elements were performed using
ICP-ES (Inductive coupled plasma Electro
Spectroscopy). Trace elements, including the
rare earths, were analysed by ICP-MS (-
Mass Spectroscopy). The other two (cj43 and
cj58a) were analysed at  Svensk
Grunddmnesanalys AB, Sweden. For major
elements and some trace elements, these
analyses were performed using ICP-AES (-
Atomic Emission Spectroscopy). The other
trace elements, including the rare earths,
were analysed by ICP-MS. All results are
presented in Appendix I1I

The CIPW-norms have been calculated
using the computer program Chemcast
(Appendix 1V). For the CIPW-norm, the
amounts of iron oxides, in the chemical
analyses given as Fe,0j; are recalculated to
FeO and Fe,03;, assuming Fe;O3 to constitute
15% of the total.
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Rock classification and trace element
diagrams

All samples have been classified with the PQ
classification-diagram (Figure 17a) by Debon
and Le Fort (1983). In the other diagrams,
only samples of the TGGs, the PGs and the
leucogranite cjl4 have been plotted. The
chemical variations of the major Stenshuvud
granites (Cedys et al, 2002) are shown as
shaded areas in the background for
comparison.

The PQ-diagram (Debon and Le Fort,
1983) displays the ‘relative amounts of
potassium feldspar and plagioclase’ P [K -
(Na + Ca)] on the X-axis. The amount by
weight of quartz Q [Si/3 - (K + Na + 2Ca/3)]
is plotted on the Y-axis. The values are
expressed as grams-atoms X 10*100 g of

(b) 75

50

A

rock. The granitic field corresponds to the
granitic, syenogranitic and a part of the
monzogranitic field in the Streckeisen-
diagram (1967). The adamellitic field
represents the remaining part of the
monzogranitic field.

In the AB-diagram (Figure 17b) by
Debon and Le Fort (1983), the ‘aluminous
character’ A [Al - (K + Na + 2Ca)] is
represented on the Y-axis. Rocks are called
‘peraluminous’ when A >0 and ‘metalumi-
nous’ when A <0. The proportional amount
by weight of mafic minerals
B (Fe + Mg + Ti) is presented on the X-axis.
The values are expressed in grams-atoms X
10*/100 g of rock or mineral. Rocks with
B <38.8 (<7 % mafic minerals) are con-
sidered to be leucogranites.
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Figure 17. a) The PQ classification-diagram (Debon and Le Fort, 1983) plots the relative amounts of potassium
feldspar and plagioclase (P) in the rocks, versus the amounts by weight of quartz (Q). TGG (Tdghusa gneissic
granitoids), PG (porphyritic granites), to (tonalite), gr-d (granodiorite), ad (adamellite), gr (granite), qz-mz
(quartz-monzonite), qz-sy (quartz-syenite). b) The AB-diagram (Debon, Le Fort, 1983) plots the aluminous
character (A) of the rocks, versus the calculated amount of mafic minerals (B).
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Figure 18. a) The AFM triangular diagram (Kuno, 1968) distinguishing between alkaline, calc-alkaline and
tholeiitic rock series. b) Na, K, Ca triangular diagram (Barker and Arth, 1976) discriminating between calc-
alkaline and trondhjemitic rock series. Ca-alk (classic calc-alkaline), alk (alkaline), th (tholeiitic).
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Figure 19a-g. Bivariate diagrams plotting some of the major elements against SiO,, shaded areas in the
background represent the compared Stenshuvud granites.

In the AFM triangular diagram (Figure 18a)
by Kuno (1968), A, F and M, respectively
represent the oxides [Na,O + K,0], FeOga1 =
[FeO + 0.8998 * Fe,03] and MgO in mass %.

The triangular diagram plotting the elements
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Na, K and Ca (Barker and Arth, 1976) has
also been used (Figure 18b). Variations in
some major elements are shown in the
Harker diagrams above (Figure 19a-g).
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Figure 20. a) Spidergram (normalised to primordial mantle after Wood et al., 1979a; Ti from Wood et al., 1981)
b) REE-diagram (normalised to chondrite after Taylor and McLennan, 1985) comparing the TGGs with the PGs.
Average upper continental crust (Taylor and McLennan, 1985) is used as a reference line, and the grey area in
the background represents the maximum and minimum values for the compared samples from Stenshuvud.

Two types of trace element diagrams
have been used for easier comparisons of the
different rocks. The values plotted within the
spidergram (Figure 20a) are normalised to
primordial mantle (Wood et al., 1979a; Ti
from Wood et al, 1981). The REE-data
(Figure 20b) are normalised to chondrite
(Taylor and McLennan, 1985). The
fractionation of the REE has been calculated
as (La/Yb)n. The Eu anomaly (Eu/Eu*) has
been calculated as [EuN/(SmN*GdN)O'S]
(Taylor and McLennan, 1985). The
composition of the average upper continental
crust (AUC by Taylor and McLennan, 1981)
has been used as a reference line.

Results

The porphyritic granites

These rocks have a narrow range of SiO;
content, varying from 69.5 to 71.8 mass %
and have been classified as peraluminous
adamellites to metaluminous granites (Figure
17a and b). In the AFM-diagram (Figure 18a)
they plot close to the A-corner and along the
boundary between the calc-alkaline and
tholeiitic fields and within the NaKCa-
diagram (Figure 18b) they roughly plot along
the classic calc-alkaline trend line. The
spidergram (Figure 20a) reveals large
chemical similarities between the PGs. The
most common features in the REE-diagram
(Figure 20b) is a sloping trend from La to Eu,
a moderate Eu-anomaly (varying between
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0.56 and 0.62) and a relatively horizontal to
slightly concave pattern for the HREE.
Sample cj43 has the steepest slope in the
LREE, depending on relatively depleted
amounts of the REEs from Pr to Eu. The
fractionation of the REE varies between 6.5
and 11.6.

The Taghusa gneissic granitoids

The TGGs vary in SiO; content from 67.0 to
71.8 mass %. They have been classified as
metaluminous adamellites to peraluminous
granites (Figure 17a and b). In the AFM-
diagram (Figure 18a), they plot as marginally
calc-alkaline to tholeiitic, and within the
NaKCa-diagram (Figure 18b) they roughly
follow the classic calc-alkaline trend line.
The spidergram (Figure 20a) shows large
similarities among the TGG samples. The
major feature in the REE-diagram (Figure
20b) is a sloping trend from La to Eu, a
moderate Eu anomaly, varying between 0.52
and 0.67, followed by horizontal to slightly
concave patterns for the HREE. The
fractionation of the REE varies between 6.1
and 11.9 (the highest value is noted in sample
¢j39). The patterns of sample cj26 and cj46
are almost identical while sample ¢j39 shows
a relative depletion in all REE and records
the lowest Eu-anomaly of the TGGs.

L




The leucogranite

Cj14 has 76.7 mass % SiO, and has been
classified as a peraluminous leucogranite
(Figure 17a and b). It plots close to the A-
corner in the AFM diagram (Figure 18a), and
close to the classic calc-alkaline trend line in
the NaKCa-diagram (Figure 19b). The
spidergram (Figure 20a) reveals a strong
depletion in Sr and P, some depletion of Ba,
Hf, Zr and Ti, as well as increased amounts
of Th and U. The REE-diagram (Figure 20b)
shows a sloping trend from La to Eu, a rather
strong Eu-anomaly (0.35) and some
enrichment in the HREE compared to the
LREE.

Discussion
Timing of the magmatism

In our recent study (Ceéys ef al., 2002) the
Stenshuvud granites (SGs) were dated to
1458 Ma; the Téghusa gneissic granitoids
(TGGs) from the study area were dated to
1442 Ma, and hence represent a later stage of
this magmatism. Several other investigations
(e.g. Kornfilt, 1999; Ahall, 2001; Séderlund
et al., 2002; Celys et al., 2003) indicate a
similar development in the southern parts of

Sweden, with magmatic activity between ca.
1.46 and 1.42 Ga.

Comparison with the Stenshuvud granites
The porphyritic granites (PGs) share many
features with the SGs; both rock types are
very fine-grained rocks with a sometimes
glomeroporphyritic texture. The ca. 20 Ma
younger TGGs are coarser than both the PGs
and the SGs.

The SGs as well as the PGs contain
aplitic veins, of which some are ptygmatic,
with the axial planes seemingly parallel to
the foliation. This type of folding is mainly
considered to result from buckling due to a
layer-parallel compression, together with a
large vein/rock competence contrast (Twiss
and Moores, 1997). Both groups of rock are
also cut by a younger generation of
pegmatites. The TGGs, on the other hand,
contain small leucogranitic veins that
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sometimes cut the foliation, but lack the
larger aplites and pegmatites.

Mineralogical similarities between the
PGs and the SGs are the numerous, minute
inclusions of rutile and other minerals,
mainly in quartz, but also in some feldspar
grains while the TGGs have only few mineral
inclusions. Microprobe analyses on one
sample of the SGs and on several samples of
the PGs show that the biotites jare of
phlogopitic composition and the composition
of plagioclase varies between Any; and Anpg.
The TGG biotite is richer in iron, and the
plagioclase composition varies between Any;
and Any;. The TGGs also have a high amount
of magnetite contributing to the strong
positive magnetic anomaly recording the
TGG intrusion.

The PGs have been classified as
peraluminous adamellites to granites while
the SGs are metaluminous. The difference in
aluminity is mainly due to variations in the
amounts of alkalis (K,0O and Na,0), but also
alumina (Figure 19a, b and d). The displaced
position of sample cj02 in the Figures 17a
and b is mainly due to its high amount of
potassium compared with the other samples
(Figure 19b). The TGGs are peraluminous to
metaluminous adamellites/granites (Figure
17a and b). In the BA-diagram (Figure 17b),
the TGGs form a line from the metaluminous
sample cj46 to the most peraluminous sample
¢j39. The major cause for the decreasing A-
value from ¢j26, ¢j39 to cj46 is an increase in
calcium (Figure 19c), while the amounts of
Al, K and Na are approximately constant
(Figure 19a, b and d).

Both the PGs, the SGs and the TGGs
plot along the border between calc-alkaline
tholeiitic fields in the AFM-diagram and
roughly follow the calc-alkaline trend line in
the NaKCa-diagram (Figures 18a and b).

The PGs and the TGGs show very
similar features in the REE-diagram and the
spidergram (Figure 20a and b). The slightly
sloping trend in the LREE, and the flat to
slightly concave pattern for the HREE seen
in both rock types results in a low (Lan/Yby)
value. The flat HREE patterns indicate that
garnet did not fractionate during the melting



of the source rock (Arth, 1976; Irving and
Frey, 1978) whereas the slightly concave
HREE patterns could possibly indicate a
weak fractionation of hornblende (Arth,
1976). As can be seen in the discussion
above, there are many indications that the
PGs are of the ‘Stenshuvud type’.

The leucogranite

The leucograntie (sample cj14) that occurs at
the eastern border of the TGG intrusion could
represent a late stage in the formation of the
TGGs. The low quantities of Fe, Mg and Ti
in the leucogranite (Figures 19 e-g), are
explained by its low amount of mafic
minerals. As can be seen in the spidergram
(Figure 20a), the leucogranite has relatively
high amounts of Th and U, which is a
common feature in restites and pegmatites.
Significant troughs can be seen for the
elements Ba, P and Sr. The low quantity of
mafic minerals could also explain this
feature: Ba sometimes substitutes for K in
biotites, and Sr can replace Ca in apatite,
where P is the other main constituent.
Comparing the REEs, the leucogranite
largely follows the pattern of the other rocks
but has a deeper trough in Eu, than the ones
seen in the TGGs and the PGs.

Deformation

¢ A common feature for all rocks within the
study area is the uniformly directed foliation,
with few exceptions it varies between 300
and 320°. Similar directions are also seen
further to the east. The PGs mostly show
different degrees of solid state foliation,
while both magmatic and solid state
foliations are found within the SGs (Celys et
al., 2002). The glomeroporphyritic texture is
also better preserved within the SGs. The
TGG intrusion is strongly elongated parallel
to this regional foliation which is common
for intrusions either emplaced during a
regional deformation (e.g. Roman-Berdiel et
al., 1998, Vigneresse, 1995) and/or emplaced
within a zone of weakness. Assuming the
depth of the body to be no more than ca.
15 km, the volume of the body is consistent
with that of rocks intruding in a
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compressional regime (generally about
200 km®) (Vigneresse, 1995). The agreement
between the foliation directions in the
different rocks strongly indicates that a
regional tectonic event has affected the study
area and areas further to the east.

The characteristic feature of the TGGs
(aggregates of mafic minerals defining the
foliation) is most common in rocks deformed
during metamorphic (i.e. sub-solidus), high-T
conditions (Paterson ef al., 1989, Paterson ef
al., 1998, Vernon, 2000). In some cases,
however, it also forms during magmatic
crystallisation (Paterson et al, 1989).
Microstructures show signs of sub-solidus
deformation such as undulatory extinction in
feldspars and quartz, but lack signs of low-T
deformation. The foliation within the
intrusion is rather homogenous, also pointing
to deformation at higher temperatures
(Gapais, 1989). Magmatic foliations together
with ductile foliations in rocks further to the
east, with similar directions as within the
TGGs, point to a deformation coeval with,
and slightly postdating, the magmatism.
There are few indications of a strong
influence on this area by the Sveconorwegian
orogeny, which would be the only younger
event strong enough to cause the effects seen
here. Further investigations including Ar-Ar
datings on hornblende or biotite would
provide accurate information about the
timing of the deformation.



Conclusions

e Two major stages of the Mesoproterozoic
granitoid magmatism characterise the
study area: they took place at ca. 1.46 Ga
(the Stenshuvud porphyritic granites) and
at ca. 1.44Ga, when the Téghusa
granitoids were emplaced. This is coeval
with the 1.46 to 1.42 Ga tectonothermal
event in other places of southern Sweden.
The fine-grained porphyritic granites
which  occupy the area between
Stenshuvud and the T&ghusa intrusion.
Chemically the porphyritic granites range
from slightly metaluminous to
peraluminous adamellites and granites;
largely following the calc-alkaline trend.
The westerly Taghusa granitoids compose
a well-defined, elongate intrusive body,
which is well constrained by field
mapping and magnetic anomalies. These
calc-alkaline rocks vary from adamellites
to granites and are slightly metaluminous
to peraluminous.

Despite some differences in amounts of
major elements, the trace-element
patterns, including the REEs of the
Taghusa granitoids and the fine-grained
porphyritic granites, as well as the
compared Stenshuvud granites, show
large similarities, indicating that all these
granitoids originated from similar source
rocks.

The porphyritic granites of this study are
of the ‘Stenshuvud type’.

Regional deformations, seen as foliations
with a strike mainly varying between 300°
and 320°, are characteristic of the study
area as well as the Stenshuvud area. Other
signs of deformation are the ptygmatic
aplitic veins existing both within the fine-
grained porphyritic granites and within the
Stenshuvud granitoids. The porphyritic

granites mainly show  sub-solidus
deformation, = which  sometimes is
enhanced within shear zones. The

Taghusa granitiods are mainly affected by
a homogenous sub-solidus deformation
and the outlines of the intrusion are
parallel to the general foliation in the area.
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Appendix II. Modal compositions of the studied granitoids

The amount of each mineral is presented in vol. %.

TGG- Taghusa gneissic granitoids; LG- Leucogranite; PG- Porphyritic granites; CR- Country rocks; Qz-quartz;
Mi- microcline; Pl- plagioclase; Op- opaques; Ti- titanite; Ap-apatite; Ep- epidote; Amph- amphibole; Zr-
zircon; Grt- garnet; + -less than 0.5 %; - - 0 %.

Mineral Qz Mi PI  Op Ti Bi Ap Ep Amph Zr Grt Others | Counts
Sample
TGG cjo4 29 235 397 3 - 35 + 06 - - - - >750
cj26 27.1 294 35 27 + 34 - 1:7 - - - - 1500
cj39 320 309 243 39 07 75 - - - - - - 800
cj46 272 285 257 16 + 46 - 1.2 103 - - - 1500
LG  ¢jl4 38 371 216 14 - 08 - 08 - - - - 1500
PG  ¢j02a 282 40 231 29 + 23 06 23 - + - - 1500
cj13 239 187 508 32 - 27 - - + - - - 1033
cjl6 209 347 344 14 - 84 - - - - - - 1296
cj17 293 387 228 27 05 19 + 33 - - - - >750
cj20 254 30 326 52 - 46 + 18 - - - - 1500
ac29-b | 239 318 336 4 03 42 + 12 - - - - > 750
cj43 28.5 22.1 423 2 - 39 - - 0.7 - - - 1113
cj44 263 268 391 19 07 35 + 1.1 - - - - > 750
cj58a 247 44 258 35 - 1.7 - - - - - - 1397
CR  ¢j29 489 20.1 25 + - 52 - 03 - - - + 1750
cj30 38.1 339 196 06 - 74 - - + - . - 1049
cj31 364 33.7 2061 + - 31 + + - - . + 1700
cj41 293 443 218 08 - 33 - + - - - - 1600
cj42 31.7 392 242 06 - 17 - + - - - - > 1750
cj47 695 375 446 195 - 8 0.15 + - -5 * 1025




Appendix III. Chemical analyses of the studied rocks

TGG- Taghusa gneissic granitoids; LG- Leucogranite; PG- Porphyritic granites; CR- Country rocks

.

TGG LG PG CR
Sample cj26 cj39 cj46 cjl4 cj02 Cj20 cj43  cj58a [ ¢j29 cj4l cj47
Oxide (wt. %)
Sio, 70.77  71.80 6696 | 76.69 | 71.77 69.46 71.61 70.26 | 7685 7527 66.10
Al,O4 13.67 13.91 13.88 | 12.20 13.21 14.07 1352 1396 | 12.18 1290 17.49
Fe,0,4 3.72 2.75 5.78 1.22 2.84 3.66 2.86  3.53 1.28 1.56 2.72
MgO 0.61 0.46 0.98 0.16 0.42 0.78 0.70  0.56 0.34 0.19 0.42
Ca0 1.62 1.31 2.73 0.36 1.27 1.65 1.23 1.71 0.82 0.57 1.52
Na,O 3.10 3.18 3.34 2.59 2.71 3.16 279 279 2.98 3.12 4.07
K,0 4.79 4.71 4.85 5.98 6.31 4.36 515  4.87 4.11 5.46 6.21
TiO, 0.65 0.54 1.02 0.30 0.58 0.73 0.57  0.68 0.21 0.24 0.37
P,0s 0.17 0.11 0.28 0.01 0.15 0.18 0.11 0.16 0.05 0.06 0.04
MnO 0.07 0.05 0.11 0.03 0.07 0.08 0.06  0.07 0.03 0.04 0.11
Cr,04 <0.001 <0.001 0.006 | <0.001 | <0.001 0.007 0.008 0.008 | <0.001 <0.001 0.001
LOI 0.40 0.60 0.40 0.60 0.90 0.90 0.60  0.30 0.80 0.40 0.80
Total 99.69  99.54 100.45 | 100.19 | 100.36  99.17 9931 99.01 [ 99.69 99.86 99.93
Element (ppm)
Ba 1081 1060 1010 497 1140 1169 967 1078 341 433 711
Co 50.8 57.9 54.8 67.8 54.3 434 41.8 46.5 75.5 52.9 43.2
Cs 2 11 1.5 1.2 1.6 1.6 2.2 0.9 3.1 1.3 1.3
F 1000 420 1200 270 700 1000 930 900 250 400 600
Ga 17.5 17.6 21.5 15.3 17.9 172 19.3 19.3 13.8 14.6 29.2
Hf 9 8.6 11.2 6.2 10.8 10.4 10.1 11.6 7.1 Tl 9.1
Nb 18.58 16.19 2134 | 21.07 1852 1722 184 18.6 | 13.17 13.26  43.89
Rb 205.64 188.42 187.83 | 312.69 | 246.18 193.08 241.4 191.6 | 125.69 189.7 2249
Sc 6 6 9 3 5 6 6 9 4 2 9
Sn 5.5 4.9 7.3 7.5 6.3 5.1 14 5 44 4.1 4.1
Sr 163.9 145.7  187.7 41.8 1459 1613 136.1 163.5| 718 72.6 131
Ta 1.5 1.6 1.5 2 1.7 1.3 1.3 1.2 0.5 0.9 1.5
Th 19.1 17.5 14.7 30 17.3 3.2 194 172 234 12.2 75.8
Tl 0.7 0.6 0.4 1.1 1 0.9 1.7 1.4 0.6 0.8 0.5
U 5 3.8 3.1 8.5 2.9 3.8 44 3.5 4.5 1.4 30.1
\Y% 45 44 37 2.5 13 33 19 21 21 11 15
Y 59.5 31.8 67.6 35.6 48.2 41.3 31.7 618 64.5 41.5 524
Zr 339.5  309.1  448.7 | 1939 | 3904 4162 362.5 429.5 247 2453  281.7
La 88.8 70.9 75.1 56.1 59.6 75.9 592 754 60.2 53.2 83.9
Ce 166.9 120.7 1459 | 107.8 118.3 131.7  117.1 158.1 | 112.1 107.3 1553
Pr 21.55 15.07 18.63 12.88 14.23 16.7 11.62 18.53 | 13.37 11.7  20.52
Nd 81.5 529 71.1 43.1 51.5 61.9 40 68.8 48 429 74.5
Sm 14.4 8.8 13.4 6.7 9.2 103 7.3 13.5 77 73 133
Eu 2.24 1.66 2.45 0.7 1.69 1.82 .13 231 0.51 0.42 1.53
Gd 12.18 6.54 12.08 5.29 8.09 7.9 527 11.62 | 7.28 5.65 10.6
Tb 1.93 1.08 2.01 0.94 1.38 1.21 0.9 1.71 1.26 1.03 1.65
Dy 10.93 6.25 11.71 6.04 8.45 7.26 6.45 12 7.78 6.85 9.36
Ho 2.21 1.22 2.42 1.32 1.85 1.41 1.19 221 1.98 1.46 1.86
Er 6.52 3.49 7.28 4.44 5.54 43 3.57 6.75 6.23 4.64 5.43
Tm 1.12 0.58 1.26 0.77 0.98 0.75 0.63 1.05 1.16 0.79 0.86
Yb 6.93 4.02 7.49 5.01 6.24 4.4 4.05 6.72 6.63 4.65 4.97
Lu 1.01 0.59 1.08 0.76 0.94 0.68 0.68 1.05 1.11 0.6 0.77
Mo <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 2
Cu <1 <1 <1 1 <1 <1 <1 <1 54 3 <1
Pb 10 9 13 63 5 123 3 4 53 9 18
Zn 68 48 66 36 50 75 52 62 32 37 51
Ni 1 1 2 <1 1 1 <1 1 <1 <1 <1
As <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Cd <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Sb <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Bi 0.9 <0.5 0.8 <0.5 0.7 0.9 <0.5 0.8 <0.5 <0.5 <0.5
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Appendix IV. CIPW norms of the analysed rocks
TGG- Téghusa gneissic granitoids; LG- Leucogranite; PG- Porphyritic granites; CR- Country rocks

TGG LG PG CR
Sample cj26  ¢j39  cj46 | cjl4 | cj02  cj20  cj43  cj58a | ¢j29  cj4l  cj47
Oxides- wt. %
SiO2 70.77 71.8 66.96 | 76.69 | 71.77 71.63 71.61 69.46 | 76.85 7527 66.1
TiO2 065 054 102 | 03 0.58 071 057 0.73 | 021 024 037
A1203 13.67 1391 13.88 | 12.2 | 13.21 1396 13.52 14.07 | 12.18 129 17.49
Fe203 051 038 079 | 0.17 | 039 049 039 0.5 | 0.18 0.21 0.37
FeO 2.89 214 449 | 095 | 221 276 222 284 | 099 121 2.11
MnO 0.07 005 0.11 | 0.03 | 0.07 0.07 0.06 0.08 | 0.03 0.04 0.11
MgO 0.61 046 098 | 0.16 | 042 0.6 07 078 | 034 0.19 042
CaO 1.62 131 273 | 036 | 1.27 241 123 1.65 | 0.82 057 1.52
Na20 3.1 3.18 334 | 259 | 271 42 279 3.6 | 298 3.12 4.07
K20 479 471 485 | 598 | 631 178 515 436 | 411 546 6.21
P205 0.17 0.11 028 | 0.01 | 0.15 0.15 0.11 0.18 | 0.05 0.06 0.04
CIPW norm-wt. %
Qz 29.05 31.26 20.47 | 3743 |27.88 29.13 3149 30.21 | 41.56 3435 13.61
Ocl 28.64 28.23 28.83 | 35.54 | 37.63 26.34 30.94 29.28 | 246 325 37.14
Alb 26.54 2729 2842 |22.04|23.14 2734 24 2402|2554 2659 34.85
An 701 586 8.6 1.76 | 529 7.17 547 7.57 | 3,719 245 137
Cor 0.86 148 0 0.83 0 1.62 141 1.4 148 097 142
Di 0 0 2.71 0 0.07 0 0 0 0 0 0
Hyp 552 401 722 | 157 | 395 582 475 512 | 226 222 4.26
Mt 075 055 1.15 | 024 | 0.57 0.74 058 0.71 | 026 031  0.55
Ilm 1.25 1.04 195 | 057 | 1.11 142 1.1 1.31 04 046 0.71
Ap 04 026 0.65 | 001 | 035 043 026 038 | 0.12 0.14 0.09
XMg 034 035 0344 | 031 | 032 041 044 034 | 045 027 030
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