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Abstract 
This is a petrographic study of high-grade gneisses in the Halland area, Sweden. During bedrock mapping by the Swedish 
Geological Survey, three principal petrographically distinct gneiss domains have been recognized: the Skene, Varberg, and 
Halmstad domain. The purpose is to compare the petrographic textures and minerals that occur within this area, to determine 
possible metamorphic differences between the domains. Within this study, the petrographic descriptions will also be compared 
with technical data made on the gneisses, to evaluate if the gneisses could be used as aggregates, in for example road materials. 

The study was conducted in the south-western part of Sweden, in the lower Eastern Segment. A total of 19 thin samples from 10 
different localities wad studied under an optical microscope, of which four localities are active quarries.  

The Skene domain orthogneisses typically have blue-green hornblende, dark brown/green brown biotite, no antiperthitic 
plagioclase, no perthitic orthoclase, microcline with tartan twinning, titanite and opaque minerals but no garnet are present. The 
textures of the Skene samples are inequigranular to seriate with both polygonal and interlobate grain boundaries. 

The Varberg domain orthogneisses typically have brown-green hornblende, red-brown biotite, antiperthitic plagioclase, perthitic 
orthoclase, no microcline with tartan twinning, garnet and opaque minerals are present. The texture of the Varberg samples are 
seriate with both polygonal and interlobate grain boundaries. 

The Halmstad domain orthogneisses typically have brown-green hornblende, red-brown biotite, antiperthitic plagioclase, no 
perthitic orthoclase and no microcline with tartan twinning, opaque minerals and occasionally garnet and epidote are present. The 
textures of the Halmstad samples are seriate to inequigranular with both polygonal and interlobate grain boundaries. 

From the study, it is concluded that even though the protolith classifications plot fairly similar, the metamorphic overprint seems 
to differ between the domains. From hydrous conditions in the amphibolite facies in the Skene gneisses, anhydrous conditions in 
the amphibolite to granulite facies in the Varberg gneisses, to anhydrous conditions in the amphibolite to granulite facies in the 
Halmstad gneisses. The Skene and Halmstad gneisses have a more pervasive recrystallization than the Varberg gneisses. 

From the petrographic study, rocks suitable for road aggregate production correlate with the presence of antiperthitic plagioclase 
and the absence of tartan twinning and titanite. Furthermore, higher sericitization has been correlated to higher technical values for 
road aggregates, which is inconsistent with previous work. This could be due to the Halland area being subjected to several 
metamorphic events, where prograde and retrograde reactions have affected the plagioclase differently, than in areas from 
previous work. It is concluded that the Varberg and the Halmstad gneisses seems to have the best properties for production of 
aggregates for roads while the Skene gneisses unsuitable for this purpose. This could be due to the fact that the Skene domain have 
a higher retrogression in comparison to the other domains. 
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Abbreviations 

Albite ab 
Allanite Aln 
Apatite Ap 
Biotite bt 
Calcite Cal 
Chlorite Chl 
Epidote ep 
Feldspar fsp 
Garnet grt 
Hornblende hb 
Hydroxidation Hydr. 
Microcline mc 
Muscovite mu 
Myrmekite Myrm. 
Opaque minerals op 
Orthopyroxene opx 
Plagioclase pl 
PPL Plain polarized light 
Pyroxene px 
Quartz qz 
Sericite ser 
Symplectite Symp. 
Titanite ttn 
Zircon zrn 
XPL Crossed polarized light 
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1. Introduction 
 
Petrographic studies are for understanding the geology. It can 
also help understand metamorphism and thus temperature and 
pressure conditions in an area, which might seem similar when 
looking at a macroscopic scale or comparing the geochemical 
data. With the help from mineralogy, microtextures, mineral 
colour, grain boundaries, deformation and exsolution reactions 
we can get an indication about previous geological history. 
Combined with technical analyses the petrographic information 
can be used for prospecting for crushed bedrock with good 
technical properties for production of aggregates used for road 
and concrete. 

The study was conducted in the south-western part of Sweden, 
in the Eastern Segment of the Sveconorwegian orogen, (figure 
1). A total of 19 thin samples from 10 different localities 
(figure 2) was studied under an optical microscope, of which 
four localities are active quarries 

The purpose of the study was to give a detailed petrographic 
description of each thin section. The data was used to compare 
the different localities in terms of metamorphic evolution and 
give an indication about temperature and pressure conditions. 
Geochemical data from each locality will also be evaluated to 
give an indication of the protolith and the geotectonic 
environment. Geochemical data were obtained by the Swedish 
Geological Survey and was processed by Acme Analytical 
Laboratories Ltd. and ALS Scandinavia AB. 

As a part of this study, the petrographic descriptions will be 
compared with technical data, also obtained from the Swedish 
Geological Survey and taken from Lundgren (2012), to give an 
indication of whether the materials in the areas could be 
suitable as for example road aggregates. Technical analyses 
include study tyre tests (An), Los Angeles tests (LA), 
microDeval tests (MDE), water absorption values (Ab) and 
density values. See appendix 2 for all technical data. 

Rock quality, for production of aggregates for road, railroad 
and/or concrete, depends partly on the rocks brittleness, shape 
and size of grains, grain boundaries, mica content, alkali 
silicate reactive minerals and mineralogy. Mica content should 
be low for all types of aggregates, since mica are sheet 
silicates. Sheet silicates easily split along the cleavage planes, 
which affects the technical values of the rock, making it less 
suitable as aggregate (Persson and Göransson (2010)). Also 
alkali silicate reactive minerals are problematic, where high 
strained quartz can dissolve with alkaline solvent in concrete, 
giving rise to an alkali silica gel. The gel can cause cracks in 
the concrete (Persson and Göransson (2010)). Previous work 
by Danielssen and Rueslåtten (1984), Eliasson and Appelquist 
(2011) and Lundgren (2012) shows that less micro fractures 
and low LA-Values correlate with high sericitization and 
antiperthite, and the absence of tartan twinning and titanite and 
the presence of interlobate grain boundaries, making the rock 
suitable for road and railroad aggregates. Aggregates for 

concrete should have low mica content, low alkali silicate 
reactive minerals and polygonal grain boundaries. 

 
Figure 1, Domain map of southwestern Scandinavia. (Source: 
Andersson et al. (2014)) 

1.1 Regional geology 
The Precambrian bedrock in Sweden is a part of the 
Fennoscandian shield. It can be subdivided into three principal 
orogenic provinces; the 2.0-1.8 Ga Svecokarelian, the 1.5-1.4 
Ga Blekinge-Bornholm, and the 1.1-0.9 Ga Sveconorwegian 
orogenic provinces (figure 1).  

The Sveconorwegian orogenic province is exposed across the 
southwestern part of the Fennoscandian shield including 
southwestern Sweden and southern Norway. The province is 
divided into five segments (figure 1), the Eastern Segment, the 
Idefjorden terrain, the Kongsberg terrain, the Bamble terrain 
and the Telemarkia terrain (Lundqvist et al. (2011)). Two of 
these segments, the Eastern Segment and the Idefjorden terrain, 
can be found in Sweden.  

The Sveconorwegian Province is dominated by variously 
deformed and metamorphosed igneous and sedimentary rocks 
formed during the 1.6-1.5 Ga Gothian, and 1.5 Ga Telemarkian 
orogenies. The Eastern Segment is dominated by rocks formed 
along the active continental margin during or in the immediate 
aftermath of the Svecokarelian orogeny. 

The Sveconorwegian province has been subjected to at least 
four significant metamorphic events. The first event, the 
Arendal phase, is represented by high-temperature and low to 
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modest pressure metamorphism at 1.14-1.08 Ga (Bingen et al. 
(2008)). The second event, the Agder phase, is represented by 
high-pressure metamorphism at 1.05-0.99 Ga (Bingen et al. 
(2008)). The third event, the Falkenberg phase, is represented 
by regional high-pressure metamorphism in the Eastern 
Segment and is dated to 990-960 Ma (Andersson et al. (1999)). 
Finally, the last event, the Dalane phase, is represented by low-
pressure and high to ultra-high-temperature metamorphism in 
the western part of the orogeny at 930-920 Ma (Bingen et al. 
(2008)).  

1.2 The Eastern Segment 
To the east, the Eastern Segment is bounded by the 
Sveconorwegian Front and to the west by the Mylonite zone 
(figure 1). The segment consists of 1.70-1.66 Ga quartz-
monzonite and monzonites (Connelly et al. (1996), Christoffel 
et al. (1999)), 1.44-1.37 Ga mafic and felsic dykes along with 
granitic to monzonitic intrusives (Andersson et al. (1999), 
Christoffel et al. (1999)), and 1.22 Ga quartz monzonite 
intrusions (Berglund and Connelly (1994)). 

A generalization of the metamorphism in the Eastern Segment 
can be divided into; a frontal part, with rocks metamorphosed 
in the amphibolite to greenschist facies, where ductile 
deformation is non-penetrative; a transitional part that has 
metamorphosed rocks in the amphibolite facies and penetrative 
ductile deformation; and an internal part that has 
metamorphosed rocks in the upper amphibolite to granulite 
facies, also with penetrative ductile deformation and partial 
melting (Möller et al. (2014)). The internal parts hosts discrete 
tectonic units that has experienced regional metamorphism in 
the eclogite facies (Möller (1998)). 

The Eastern Segment has also been subjected to 1.47-1.38 Ga 
regional high-grade metamorphism and intrusions in the 
southern part (Hubbard 1975). These events occurred during 
the time of the Hallandian - Dano Polonian orogeny, or the 
Hallandian event, at 1.5-1.4 Ga (Åhäll et al. (1997), Möller et 
al. (2007)). The Hallandian event thermally affected the older 
bedrock, giving rise to migmatitization, charnockitization and 
the formation of gneissic layering (Möller et al. (2007), 
Hubbard and Whitley (1979)). The internal parts of the Eastern 
Segment consists of sub-domains, and in this report, the 
following three have been studied: the Skene domain, the 
Varberg domain and the Halmstad domain. 

 
Figure 2, locations for sample sites, light green is the Skene domain, 
light blue is the Varberg domain and light pink is the Halmstad 
domain. Locality names in red are quarries. (Small map from 
Söderlund et al. (2004)) 

1.3 Locality description 
Macroscopic field observations have been partly taken by me 
during the field excursion in September 16-17, 2014 for the 
localities Töresjö, Stavsjö, Dagsås and Hallandssten. 
Descriptions for the other localities have been given by 
Lundgren (2012) and Andersson et al. (2014). 

Skene domain 
The Skene domain is an internal part of a larger eclogite 
bearing domain. It consists of stromatic migmatitic gneisses 
that are deformed in amphibolite to granulite facies with 
intercalated boudins of relict mafic quartz-eclogite (Johansson 
et al., 1991; Wang and Lindh, 1996; Möller and Söderlund, 
1997). 

1.3.1 Töresjö 
The rock at Töresjö is a folded stromatic migmatitic gneiss 
with leucosome and mesosome segregation due to 
metamorphism. Leucosome is unstrained with a sugary texture, 
white-pinkish color and can be both fine and coarse grained. 
Mesosome is typically fine grained. 
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Figure 3, stromatic gneiss at Töresjö. Source SGU BGdata (2013). 

1.3.2 Fridhemsberg 
Folded Stromatic migmatitic gneiss with fine grained dark 
lenses parallel with the layering. Leucosome and mesosome 
segregation due to metamorphism is seen where the leucosome 
has a pinkish color. 

 
Figure 4, stromatic gneiss with fine grained mafic lenses parallel to 
the layering. Fridhemsberg. Source Lundgren (2012). 

1.3.3 Kampås 
Folded stromatic migmatitic gneiss, leucosome and mesosome 
segregation due to metamorphism. Leucosome is unstrained 
with a sugary texture, white-pinkish color and can be both fine 
and coarse grained. Boudinage occur locally and show pinch 
and swell structures. Mesosome is typically fine grained. 

 
Figure 5, gneiss at Kampås. Source SGU BGdata (2013). 

.3.4 Toppeberg 
Pinkish-grey granitic gneiss, sparsely veined and has a fine to 
medium grained groundmass. Veins are unstrained with a 
sugary texture, leucosome and mesosome segregation due to 
metamorphism is seen and remnants of magmatic textures, 
augens and relict uneven grained texture, are present. 

 
Figure 6, granitic gneiss at Toppeberg. Source Lundgren (2012). 

Varberg domain 
The Varberg domain is represented by high-temperature 
metamorphism, and both magmatic and metamorphic 
charnockites can be found (Hubbard (1978)). The domain also 
has granite intrusions, the Torpa granite (Åhäll et al. (1997)), in 
the north, regionally migmatised granitic gneiss and metabasic 
to ultrabasic intrusions (Möller et al. (2007)). 

1.3.5 Stavsjö 
Migmatitic reddish-grey relict gneiss with amphibolite lenses, 
unevenly grained. Veins are medium to coarse grained and 
ranges between 0.5-3 cm in thickness. 
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Figure 7, migmatitic gneiss at Stavsjö. Source SGU BGdata (2013). 

1.3.6 Dagsås 
Unevenly, fine grained darker gneiss with domains of 
deformed plagioclase. The rock is strongly deformed but lacks 
banding and veins. 

 
Figure 8, dark gneiss at Dagsås. Source SGU BGdata (2013). 

1.3.7 Kulparp 
Reddish-grey migmatitic gneiss, unevenly grained occasionally 
with elongated augen. Leucosome veining are reddish in color. 
Coarse grained anorthosite is found at this locality. 

 
Figure 9, gneiss at Kulparp. Source SGU BGdata (2013). 

Halmstad domain 
The Halmstad domain, also known as the Hallandia domain, is 
represented by high-grade metamorphism and deformation. 
Granitic and migmatitic gneisses are common. 

1.3.8 Mobjär Sten, Mokrik 
Reddish-grey gneiss, unevenly grained and folded. Medium 
grained groundmass. Leucosome veining is found and have a 
reddish color. 

 
Figure 10, gneiss with disrupter metabasic bodies at Mokrik. Source 
Lundgren (2012). 

1.3.9 Hallandssten 
Reddish-grey gneiss, unevenly grained with augen. Elongated 
augen can be found, occasionally with an orthoclase core. 
Leucosome veins are common and have a reddish color. 
Folding of the veins can be seen. 
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Figure 11, folded veins in a gneiss at Hallandssten. Source Lundgren 
(2012). 

1.3.10 Knobesholm 
Reddish-grey gneiss, unevenly grained. Elongated veins and 
augens are common, remnants of orthoclase cores can be 
found, and the groundmass is fine to medium grained. 

 
Figure 12, reddish grey gneiss at Knobesholm. Source Lundgren 
(2012). 

1.4 Technical data 

1.4.1 Study tyre value 
The study tyre test is a measure of the rock's resistance to 
abrasion and is set by FAS Method 259-02, by the Swedish 
Transport Administration. Study tyre values: 

 ≤ 6 is recommended for heavy-traffic roads and is very good 

≤ 10 is very good 

≤ 18 is good  

> 18 should not be used as road aggregates. 

1.4.2 Los Angele value 
The Los Angeles value is a measure of how brittle the rock is 
and the method is given in the European standard SS-EN 1097-
2. LA-values: 

≤ 25 are suitable for railroad 

≤ 30 are suitable for road material 

≤ 40 are suitable for base course 

1.4.3 MicroDeval value 
MicroDeval tests measures the rock's resistance to abrasion and 
the method is given by the European standard SS-EN 1091-1. 
MicroDeval values: 

≤ 30 are good 

1.4.4 Density value 
The density of the rock gives an indication of the mineralogy, 
with low density representing felsic or intermediate rock 
composition and high density representing mafic rock 
composition. Low density often means less mafic minerals 
such as biotite, hornblende and plagioclase and low-density 
rock has a tendency to be more fragile.  

1.4.5 Water absorption value 
The water absorption value is used to determine railroad 
competence and the method is given by the European standard 
EN-13755. Water absorption values: 

< 0.5 wt.% is very good, frost resistant 

< 1 wt.% is good 

2. Methods 

2.1 Microscopic examination 
A Leica optical polarization microscope was used to study the 
thin sections. Both plane polarized and crossed polarized light 
were used and, occasionally, a Bertrand lens to determine the 
optical indicatrix of orthoclase, since these show no clear 
zoning. Photographs were taken with a Las Ez camera and 
edited with the same software. Selected thin sections was 
scanned using a Braun FS120 scanner (CyberView X5). 
 
Each thin section was described by: 

• main minerals 
• accessory minerals < 5% 
• the texture of the thin section and grain boundaries 
• dark phases in % 
• detailed description of micas 
• foliation, the minerals that define the foliation and 

whether quartz ribbons are present 
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• detailed descriptions of feldspars, pyroxenes and 
mafic minerals 

Texture and grain boundaries of minerals in the thin section 
was determined under an optical microscope by the following 
criteria: 

 
Figure 13, Passchier and Trouw (2005). 

Dark phases was determined with scanned images of the thin 
sections, direct study of the thin section as hand samples and 
under an optical microscope. The following chart was used: 

 
Figure 14, dark phase estimation. 

 
Description of foliation was determined under an optical 
microscope by the following criteria: 

 
Figure 15, Passchier and Trouw (2005). 

See appendix 1, for full thin section descriptions. 

2.2 Sample classification (GCDkit) 
The bulk rock classification of each locality, and a total of 14 
samples were plotted with Geochemical Data Toolkit 3.00 
(GCDkit). Four samples, Stavsjö, Toppeberg, Knobesholm and 
Mokrik were used in the plot, but these have not been studied 
petrographically. These samples are given in italics in appendix 
3. The samples were plotted on P-Q diagrams by Debon and Le 
Fort (1983). Three plots were made, each with samples from 
the same area. The P-Q plots k-feldspar and plagioclase (P = 
K-(Na+Ca) to quartz (Q = Si/3-(K+Na+2Ca/3). All three 
domains was also plotted on a TAS diagram by Cox et al. 
(1979) with Na2O+K2O to SiO2. 

Petrotectonic association for all three domains was plotted in 
an A/CNK-A/NK diagram by Shand (1943) and a SiO2-K2O 
diagram by Peccerillo and Taylor (1976). The A/CNK-A/NK 
diagram plots based on cationic proportions while the SiO2-
K2O plot is based on given major elements. 

Tectono-magmatic environments was plotted using R1-R2 
diagram by Batchelor and Bowden (1985) where 
R2=6Ca+2Mg+Al is plotted against R1=4Si-11(Na+K)-
2(Fe+Ti). 

See appendix 3 for all geochemical data. 

3. Results 

3.1 Thin section descriptions 
Skene domain 

3.1.1 Töresjö, FHM101031S 
The main minerals are plagioclase, k-feldspar, quartz, 
hornblende and biotite, with opaque minerals, titanite, epidote, 
allanite and apatite as accessory minerals. There is about 30% 
dark phases in the sample. 

 
Figure 16, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has a seriate texture with interlobate grain 
boundaries. Foliation is defined by bands of aligned biotite and 
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hornblende; cleavage domains are rough to smooth and show a 
parallel to a somewhat anastomosing structure. Hornblende has 
a blue-green colour and crystals are commonly smaller than 4 
mm. Biotite has a dark-brown colour, appearing as individual 
grains and as aggregates together with hornblende. Biotite is 
common and mostly smaller than 2 mm. 

The feldspars are inequigranular with interlobate grain 
boundaries. Microcline with tartan twinning is common and 
myrmekite formations are sparse. The grains in the sample 
show low sericitization. 

The sample contains few individual titanite crystals, epidote is 
found as rims around badly decomposed allanite and as 
individual crystals in contact with biotite. 

 

 
Figure 17, PPL, blue-green hb, dark brown bt and op. 

 
Figure 18, XPL, seriate texture with interlobate grain boundaries. 
Tartan twinning in mc and ab twins in pl. Qz and bt. 

3.1.2 Töresjö, FHM101031T 
The main minerals are plagioclase, k-feldspar, quartz, 
hornblende and biotite, with opaque minerals, muscovite, 

titanite, apatite and zircon as accessory minerals. There is about 
10% dark phases in the sample. 

 
Figure 19, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has a seriate texture with interlobate and polygonal 
grain boundaries. Foliation is defined by bands of aligned 
biotite and hornblende; cleavage domains are rough. 
Hornblende has a blue-green colour and crystals are commonly 
smaller than 2 mm. Biotite has a dark brown colour and appear 
as individual grains and aggregates. Biotite crystals are modest 
and are smaller than 1 mm. 

 
Figure 20, PPL, aggregate with blue-green hb, dark-brown bt, and 
ser. 

The feldspars are inequigranular with polygonal grain 
boundaries. Microcline with tartan twinning is common and 
myrmekite formations are sparse. The grains in the sample 
show moderate to severe sericitization. 

Titanite crystals are sparse, appearing as small individual 
grains and as thin rims around the opaque minerals (figure 21). 
Muscovite is found as both inclusions, and in contact with 
feldspar and quartz. Zircons are found in biotite crystals. 
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Figure 21, XPL, ttn rim around op. 

 
Figure 22, XPL, qz, tartan twinning in mc, severe sericitization and 
small mu inclusions in fsp. 

3.1.3 Fridhemsberg, FHM101138U 
The main minerals are quartz, biotite, hornblende, plagioclase 
and k-feldspar, with opaque minerals, apatite, titanite, epidote, 
allanite and chlorite as accessory minerals. There is about 20% 
dark phases in the sample. 

 
Figure 23, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has an inequigranular texture with polygonal and 
interlobate grain boundaries. Foliation is defined by bands of 
aligned biotite and hornblende; cleavage domains are rough. 
Hornblende has a blue-green colour and crystals are commonly 
smaller than 2 mm. Biotite has a green-brown colour and 
appears as individual grains and as aggregates. Some are partly 
chloritized. Biotite is common and smaller than 2 mm. 

 
Figure 24, PPL, blue-green hb, green-brown bt, chloritization in bt. 

The feldspars are inequigranular with polygonal grain 
boundaries. Microcline with tartan twinning are few to sparse 
and antiperthitic plagioclase crystals are few. The grains in the 
sample show moderate sericitization. 

Epidote crystals are common, both as rims around badly 
decomposed allanite (figure 25) and in contact with biotite. 
Titanite is found as individual crystals. 

 

 
Figure 25, XPL, decomposed aln core with an ep rim, in contact with 
bt. 

3.1.4 Fridhemsberg, FHM101138V 
The main minerals are quartz, plagioclase, k-feldspar and 
biotite, with hornblende, opaque minerals, titanite, epidote, 
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apatite, allanite, zircon and chlorite as accessory minerals. 
There is about 5-10% dark phases in the sample. 

 
Figure 26, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has an inequigranular to seriate texture with 
interlobate grain boundaries. Foliation is defined by bands of 
aligned biotite and hornblende; cleavage domains are smooth 
and parallel. Hornblende has a blue-green colour, crystals are 
commonly smaller than 1 mm, and are sparse in the sample. 
Biotite has a dark brown colour and appear as individual grains 
and as aggregates. Biotite crystals are common and smaller 
than 1 mm. 

The feldspar are inequigranular with interlobate grain 
boundaries. Microcline with tartan twinning is low and 
myrmekite formations are sparse. The grains in the sample 
show low to moderate sericitization. 

The sample contains titanite as individual grains and in contact 
with the opaque minerals, and a few epidotes are found as 
individual crystals. 

 
Figure 27, PPL, dark brown bt, ser, op and aln. 

 
Figure 28, XPL, inequigranular texture with interlobate grain 
boundaries, qz, bt, ab twins in pl, sericitization. 

3.1.5 Kampås, JAN140012A 
The main minerals are quartz, plagioclase, k-feldspar, biotite, 
hornblende and opaque minerals, with muscovite, titanite, 
apatite, zircon and chlorite as accessory minerals. There is 
about 10% dark phases in the sample. 

 
Figure 29, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has an inequigranular to seriate texture with 
interlobate grain boundaries. Foliation is defined by bands of 
aligned biotite, hornblende and opaque minerals; cleavage 
domains are smooth and parallel. Hornblende has a blue-green 
colour, crystals are commonly smaller than 1 mm, and are 
sparse in the sample. Biotite has a green-brown colour, and 
appears as individual grains and as aggregates. Some are partly 
to severely chloritized. Biotite crystals are common and smaller 
than 1 mm. 
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Figure 30, PPL, blue-green hb and green-brown bt. 

 
Figure 31, XPL, inequigranular to seriate texture with interlobate 
grain boundaries. Tartan twinning in mc, ab twins in pl. Opx, bt and 
qz. 

Feldspars are inequigranular with polygonal and interlobate 
grain boundaries. Microcline with tartan twinning is common 
and myrmekite formations are few. The grains in the sample 
show moderate to severe sericitization.  

Titanite appears as individual grains, in thick rims around and 
in contact with the opaque minerals. Titanite crystals with an 
opaque mineral core are common. Muscovite is found both as 
individual crystals, as inclusions and in contact with 
plagioclase and quartz. The crystals are occasionally larger 
than 2 mm (figure 31). 

 

 
Figure 32, XPL, tartan twinning in mc, sericitization, beginning of 
symplectite formation, large mu. 

3.1.6 Toppeberg, FHM101051T1 
The main minerals are quartz, plagioclase, k-feldspar, 
hornblende and biotite, with opaque minerals, titanite, apatite, 
allanite, epidote, calcite, muscovite and chlorite as accessory 
minerals. There is about 10% dark phases in the sample. 

 
Figure 33, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has an inequigranular texture with both interlobate 
and polygonal grain boundaries. Foliation is defined by partly 
aligned biotite, hornblende and opaque minerals; cleavage 
domains are rough to smooth and show an anastomosing 
structure. Hornblende has a blue-green colour and crystals are 
smaller than 1 mm, occasionally larger. Biotite has a dark 
brown colour and appears as individual grains and aggregates; 
often partly chloritized. Biotite crystals are modest and smaller 
than 1 mm, occasionally larger. 
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Figure 34, PPL, blue-green hb, brown bt, euhedral op. 

Feldspars are equigranular to inequigranular with polygonal 
grain boundaries. Microcline with tartan twinning is common 
and appears as band/clusters between mafic and opaque 
minerals, and myrmekite formations are few. The grains in the 
sample show low to moderate sericitization. 

Epidote is found as both inclusions and in contact with biotite. 
Titanite appears as rims around the opaque minerals and 
muscovite is found as both inclusion and in contact with other 
minerals. 

 
Figure 35, XPL, inequigranular texture with polygonal grain 
boundaries, tartan twinning in mc. Qz, op, mu and ab twins in pl. 

3.1.7 Toppeberg, FHM101051T2 
The main minerals are quartz, plagioclase, k-feldspar, 
hornblende and biotite, with opaque minerals, titanite, apatite, 
epidote, allanite, calcite, muscovite, zircon and chlorite as 
accessory minerals. There is about 5% dark phases in the 
sample. 

 
Figure 36, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU.   

The sample has an inequigranular texture with interlobate and 
polygonal grain boundaries. Foliation is defined by partly 
aligned biotite, hornblende and opaque minerals; cleavage 
domains are rough. Hornblende has a blue-green colour and 
crystals are commonly smaller than 2 mm. Biotite has a dark 
brown colour, appears as individual grains and commonly as 
aggregates with hornblende and the opaque minerals. They are 
often partly chloritized. Biotite crystals are common and 
smaller than 1 mm. 

Feldspars are equigranular to inequigranular with polygonal 
grain boundaries. Microcline with tartan twinning is common. 
The grains in the sample show modest to severe sericitization. 

Titanite is found as rims around the opaque minerals and 
muscovite appears as both inclusions and in contact with other 
minerals. 

 
Figure 37, PPL, Aln, op, ser and dark brown bt. 
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Figure 38, XPL, Aln, op, ep, pl, ser, tartan twinning in mc, and cal in 
contact with bt. 

Varberg domain 

3.1.8 Stavsjö, IML091046 
The main minerals are quartz, biotite, hornblende, opaque 
minerals plagioclase and k-feldspar, with titanite, apatite, 
muscovite and zircon as accessory minerals. There is about 
30% dark phases in the sample. 

 
Figure 39, scanned thin section.  Scale app. 6x4 cm. 

The sample has a seriate texture with polygonal grain 
boundaries. Foliation is defined by partly banded biotite, 
hornblende and opaque minerals; cleavage domains are rough 
to smooth and show an anastomosing structure. Hornblende 
has a brown-green colour, crystals are commonly smaller than 
1 mm, occasionally larger. Biotite has a dark red-brown colour 
and the crystals have diffuse grain boundaries, which could be 
due to the orientation of the mineral in the thin section. The 
crystals are found as individual crystals, aggregates and in 
contact with the opaque minerals. Biotite crystals are smaller 
than 1 mm. The sample contains somewhat aligned larger 
quartz crystals. 

Feldspars are equigranular with polygonal grain boundaries. 
Microcline with tartan twinning is sparse and antiperthitic 

plagioclase crystals are moderate in the sample. The grains in 
the sample show moderate to severe sericitization. 

The sample contains titanite as thin rims around the opaque 
minerals and possible muscovite is found as crack fillings in 
quartz. 

 
Figure 40, PPL, brown-green hb, brown to dark brown bt, op and ser. 

 
Figure 41, XPL, inequigranular to seriate texture, polygonal grain 
boundaries. Ab twins in pl. Ser, op, bt, hb and qz. 

3.1.9 Stavsjö, Stavsjö 1 
The main minerals are plagioclase, k-feldspar, quartz, 
hornblende, opaque minerals and pyroxenes, with biotite, 
muscovite, epidote, titanite, calcite, zircon and chlorite as 
accessory minerals. There is about 20% dark phases in the 
sample. 

The sample has an inequigranular texture with interlobate and 
polygonal grain boundaries. Foliation is defined by partly 
banded biotite, hornblende and opaque minerals; cleavage 
domains are smooth and show a parallel structure. Hornblende 
has a blue-green colour with crystals smaller than 2 mm. 
Biotite has a brown colour and appears as individual grains and 
in contact with the opaque minerals. Some are severely 
chloritized. Biotite crystals are few and smaller than 1 mm. 
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Figure 42, PPL, blue-green hb, brown bt, op and ser. 

 
Figure 43, XPL, inequigranular texture with polygonal grain 
boundaries. Ab twins in pl. Cal in contact with op. 

Feldspars are equigranular to inequigranular with polygonal 
grain boundaries. Microcline with tartan twinning is common. 
The grains in the sample show moderate to severe 
sericitization. 

Titanite is found as both individual grains and in contact with 
the opaque minerals. The sample contains few possible ortho- 
and clinopyroxenes, some of which are occasionally affected 
by hydroxide alteration. Possible muscovite is found as crack 
fillings in quartz and as inclusions in feldspars. 

 
Figure 44, XPL, tartan twinning in mc, ab twinning in pl, ser and 
somewhat undulose extinction in qz. 

3.1.10 Stavsjö, Stavsjö 2 
The main minerals are hornblende, quartz, plagioclase, k-
feldspar, pyroxene, garnet and opaque minerals, with apatite as 
accessory minerals. There is about 50% dark phases in the 
sample. 

The sample has a seriate texture with polygonal and interlobate 
grain boundaries. No foliation is defined and no biotite is 
found. Hornblende has a brown-green colour and is common. 
Hornblende crystals are smaller than 1 mm. 

Feldspars are equigranular with polygonal boundaries. 
Microcline with tartan twinning is sparse. The grains in the 
sample show moderate to severe sericitization. 

Pyroxenes are common in the sample and some of them are 
occasionally affected by hydroxide alteration. Garnets are 
common and have an irregular form. Inclusions in the garnets 
are common. Garnets appear occasionally in contact with 
hornblende but mostly as individual grains.  

 
Figure 45, PPL, brown-green hb, grt, px, op. 



19 
 

 
Figure 46, XPL, seriate texture with polygonal grain boundaries. Ser, 
px, hydroxide reaction of opx, inclusions in grt. 

3.1.11 Dagsås, JAN100054A 
The main minerals are quartz, plagioclase, hornblende, garnet, 
opaque minerals and pyroxenes, with biotite, apatite, zircon 
and chlorite as accessory minerals. There is about 20% dark 
phases in the sample. 

 
Figure 47, scanned thin section. Scale app. 6x4 cm. 

The sample has a seriate texture with polygonal and interlobate 
grain boundaries. Foliation is defined by clear banding of 
hornblende, garnet, opaque minerals, pyroxenes, some biotite 
and quartz. Cleavage domains are smooth and show an 
anastomosing structure. Hornblende has a brown-green colour 
with crystals smaller than 1 mm. Biotite has a red-brown 
colour and appears as individual grains and in contact with the 
opaque minerals. Few are partly chloritized. Biotite crystals are 
modest and smaller than 0.5 mm, occasionally larger. Clear 
quartz ribbons are present. 

Feldspars are seriate with interlobate grain boundaries. 
Antiperthitic plagioclase crystals are common and myrmekite 
formations are moderate. The grains in the sample show low 
sericitization. 

Ortho- and clinopyroxenes are moderate to common in the 
sample. Orthopyroxenes are often affected by hydroxide 

alteration (figure 48). The altered pyroxenes often occur as 
individual minerals or in contact with mafic minerals. Garnets 
are common and occur in bands with other mafic minerals, they 
have a regular and irregular form and inclusions are 
common.

 
Figure 48, PPL, brown-green hb, red-brown bt, grt, op. 

 
Figure 49, XPL, seriate texture with interlobate and polygonal grain 
boundaries, qz, antiperthitic pl, hydroxide alteration of opx.  
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Figure 50, XPL, myrmekite formation, bt, pl and qz. 

3.1.12 Kulparp, JAN140009A 
The main minerals are quartz, plagioclase and k-feldspar, with 
hornblende, opaque minerals, biotite, garnet, apatite and 
allanite as accessory minerals. There is about 5% dark phases 
in the sample. 

 
Figure 51, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has a seriate texture with polygonal and interlobate 
grain boundaries. Foliation is defined by diffuse banding of 
hornblende, garnet, opaque minerals, some biotite and quartz; 
cleavage domains are rough and show a somewhat 
anastomosing structure. Clear quartz ribbons are present. 
Hornblende has a brown-green colour and the crystals are 
smaller than 1 mm. Biotite has a green-brown colour and 
appears as individual grains, very often with a clear acicular 
form. Biotite crystals are sparse and smaller than 0.5 mm, 
occasionally larger.  Clear quartz ribbons are present, with a 
width of 0.5-1 mm. 

 
Figure 52, PPL, brown-green hb, green-brown bt and op. 

 
Figure 53, XPL, seriate texture with interlobate and polygonal grain 
boundaries, qz, antiperthitic pl and perthitic or. 

Feldspars are equigranular with interlobate grain boundaries. 
Antiperthitic plagioclase and perthitic orthoclase crystals are 
common, and myrmekite formations are few to sparse. 

The sample contains garnets that are small and appear as 
individual crystals, they have a regular form and are few in 
number in the sample. 
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Figure 54, XPL, seriate texture with polygonal grain boundaries, 
flame perthite in or, strained qz. 

3.1.13 Kulparp, JAN140009B 
The main minerals are plagioclase, k-feldspar and quartz, with 
opaque minerals, garnet and muscovite as accessory minerals. 
There is less than 1% dark phases in the sample. 

 
Figure 55, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has a seriate texture with interlobate grain 
boundaries. No foliation is defined. No hornblende or biotite is 
present. 

Feldspars are inequigranular to seriate with interlobate grain 
boundaries. Antiperthitic plagioclase crystals are common and 
there are quartz and myrmekitization rims around a few 
antiperthitic plagioclases (figure 56). Perthitic orthoclase and 
myrmekite formations are moderate. The grains in the sample 
show low to moderate sericitization. 

The sample contains a few small garnets as individual crystals 
with regular and irregular form and little or no inclusions. A 
garnet corona structure around opaque minerals and quartz is 
found in the sample (figure 57). Possible muscovite is found as 
crack fillings. 

 
Figure 56, XPL, seriate texture with interlobate grain boundaries, qz 
and corona structure around antiperthitic pl. 

 
Figure 57, XPL, myrmekite formation and grt corona around op and 
qz. 

3.1.14 Kulparp, Kulparp 1 
The main minerals are quartz, plagioclase, pyroxene, 
hornblende, opaque minerals and biotite, with garnet and 
apatite as accessory minerals. There is about 50% dark phases 
in the sample. 



22 
 

 
Figure 58, sample prior to thin section cut. Scale app. 7x5 cm. Source 
SGU. 

 
Figure 59, scanned thin section. Scale app. 6x4 cm. 

The sample has a seriate texture with interlobate grain 
boundaries. No foliation is defined. Hornblende has a brown-
green colour and the crystals are smaller than 1 mm. Biotite has 
a red-brown colour and appears as individual grains and as 
aggregates. Biotite crystals are modest and smaller than 0.5 
mm. Both biotite and hornblende have diffuse grain 
boundaries. 

 
Figure 60, PPL, brown-green hb, red-brown bt, op, grt and px. 

Feldspars are seriate with interlobate grain boundaries. 
Antiperthitic plagioclase crystals are moderate and rust 
coloured alteration in the plagioclase is found. The grains in 
the sample show low sericitization. 

Ortho- and clinopyroxenes are common and large. Alteration 
along the cleavage plane is common (figure 61). Some 
pyroxenes are occasionally affected by hydroxide alteration 
and occur both as individual crystals and as cumulus (figure 
62). The sample also contains a few small individual garnet 
crystals with regular and irregular forms, inclusions are 
common and garnets can be found in contact with biotite and 
opaque minerals. 

 
Figure 61, XPL, qz, alteration along the cleavage plane in px, 
possible exsolution lamellae. 
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Figure 62, XPL, seriate texture with interlobate grain boundaries, pl, 
band with grt, hydroxide alteration of opx. 

3.1.15 Kulparp, Kulparp2 
The main minerals are quartz, plagioclase, k-feldspar, 
hornblende and biotite, with opaque minerals, pyroxenes, 
garnet, apatite and zircon as accessory minerals. There is about 
10% dark phases in the sample. 

 
Figure 63, sample prior to thin section cut. Scale app. 8x4 cm. Source 
SGU. 

 
Figure 64, scanned thin section. Scale app. 6x4 cm. 

The sample has a seriate texture with interlobate grain 
boundaries. No clear foliation is defined. Hornblende has a 
brown-green colour and crystals are smaller than 1 mm. Biotite 
has a red-brown colour and appears as individual grains, as 
aggregates and in contact with the opaque minerals. Biotite is 
modest, the crystals have diffuse grain boundaries and is 
smaller than 1 mm. 

 
Figure 65, PPL, brown bt, op and px. 

Feldspars are seriate with interlobate grain boundaries. 
Antiperthitic plagioclase and perthitic orthoclase crystals are 
moderate; alkali feldspars are equigranular with interlobate 
grain boundaries, rust coloured alteration in the orthoclase is 
visible and myrmekite formations are sparse to moderate. The 
grains in the sample show low sericitization. 

The sample contains a few, small ortho- and clinopyroxenes, 
some of which are affected by hydroxide alteration. Garnets are 
also found and have regular and irregular form and appear as 
individual crystals, sometimes with inclusions. 

 
Figure 66, XPL, seriate texture with interlobate grain boundaries, pl 
and hydroxide reaction of opx. 
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3.1.16 Kulparp, Kulparp 2 (a) 
The main minerals are quartz, plagioclase, k-feldspar and 
hornblende, with opaque minerals, biotite, pyroxene, apatite, 
muscovite and zircon as accessory minerals. There is about 
10% dark phases in the sample. 

 
Figure 67, sample prior to thin section cut. Scale app. 11x6 cm. 
Source SGU. 

 
Figure 68, scanned thin section. Scale app. 6x4 cm. Source SGU. 

The sample has a seriate texture with interlobate boundaries. 
Foliation is defined by thick quartz ribbons. Hornblende has a 
brown-green colour and crystals are smaller than 1 mm. Biotite 
has a red-brown colour and appears as individual grains and as 
aggregates. Biotite is low to sparse and crystals are smaller 
than 1 mm. 

 
Figure 69, PPL, brown-green hb, red-brown bt, ap, op and hydroxide 
alteration of opx. 

Feldspars are seriate with interlobate grain boundaries. 
Antiperthitic plagioclase crystals are sparse, perthitic 
orthoclase crystals are moderate, rust coloured alteration in 
both plagioclase and orthoclase is present and myrmekite 
formations are sparse to modest. The grains in the sample show 
moderate sericitization. 

The sample contains a few orthopyroxenes, some are affected 
by hydroxide alteration. Garnets are present and have regular 
and irregular form. Possible muscovite is found as crack 
fillings in quartz and plagioclase. 

 
Figure 70, PPL, hydroxide reaction of opx. Op and grt. 
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Figure 71, XPL, hydroxide reaction of opx. Ser, zrn, grt and op. 

Halmstad domain 

3.1.17 Mobjär sten, Mokrik, JAN140001S 
The main minerals are quartz, plagioclase, hornblende and 
biotite, with opaque minerals, garnet, apatite, allanite and 
zircon as accessory minerals. There is about 5% dark phases in 
the sample. 

 
Figure 72, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has an inequigranular texture with interlobate and 
occasionally polygonal grain boundaries. Foliation is defined 
by biotite, hornblende, opaque minerals and quartz; cleavage 
domains are rough and show a somewhat anastomosing 
structure. Hornblende has a brown-green colour and crystals 
are smaller than 2 mm. Biotite has a red-brown colour and 
appears as individual grains and as aggregates. Biotite is 
modest, often with a clear acicular form and crystals are 
smaller than 1 mm. Quartz ribbons are present, with a width of 
less than 1mm. 

 
Figure 73, PPL, brown bt, some with an acicular form, op, grt and 
ser. 

Feldspars are equigranular with interlobate grain boundaries. 
Antiperthitic plagioclase crystals are common, and rust 
coloured alteration, in both quartz and plagioclase is visible. 
The grains in the sample show low sericitization. 

The sample contains garnets with regular and irregular form, 
inclusions in the garnets are common. Garnets occur in contact 
with the mafic minerals. 

 
Figure 74, PPL, blue-green hb, red-brown bt, some with an acicular 
form, and op. 
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Figure 75, XPL, inequigranular texture with interlobate grain 
boundaries, red-brown bt, qz and antiperthitic pl, ab twins. 

3.1.18 Hallandssten, JAN140002S 
The main minerals are quartz, plagioclase, hornblende, opaque 
minerals and biotite, with allanite, zircon and chlorite as 
accessory minerals. There is about 10% dark phases in the 
sample. 

 
Figure 76, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

 

The sample has a seriate texture with polygonal grain 
boundaries. Foliation is defined by biotite, hornblende, opaque 
minerals and quartz; cleavage domains are rough and show a 
somewhat anastomosing structure. Hornblende has a brown-
green colour and crystals are smaller than 3 mm. Biotite has a 
red-brown colour and appears as individual grains and as 
aggregates, some of which are partly chloritized. Biotite is 
modest to common and crystals are smaller than 1 mm. Quartz 
ribbons are common, with a width of 1 mm or more. 

 
Figure 77, PPL, brown-green hb, red-brown bt, and op. 

Feldspars are inequigranular with polygonal grain boundaries. 
Antiperthitic plagioclase crystals are sparse, and rust coloured 
alteration in plagioclase is visible. The grains in the sample 
show sparse sericitization. Allanite is often badly decomposed.  

 
Figure 78, XPL, seriate texture with interlobate grain boundaries 
brown-green hb, qz-ribbons, and ab twins in pl. 

3.1.19 Knobesholm, JAN140013A 
The main minerals are quartz, plagioclase, hornblende, biotite 
and opaque minerals, with epidote, apatite, allanite and zircon 
as accessory minerals. The thin section has about 20% dark 
phases. 



27 
 

 
Figure 79, sawed sample prior to thin section cut. Scale app. 6x4 cm. 
Source SGU. 

The sample has an inequigranular texture with polygonal and 
occasionally interlobate grain boundaries. Foliation is defined 
by mafic minerals, opaque minerals and quartz; cleavage 
domains are smooth and show a parallel structure. Hornblende 
has a brown-green colour and crystals are smaller than 2 mm. 
Biotite has a red-brown colour and appears as individual 
grains, as aggregates and often has a clear acicular form. A few 
are partly chloritized. Biotite is modest and crystals are smaller 
than 1 mm with exception for the acicular crystals, which are 
smaller than 2 mm. Thin quartz ribbons are common, with a 
width of less than 1 mm. 

 
Figure 80, PPL, brown-green hb, red-brown bt, op, and qz-ribbons. 

Feldspars are equigranular with polygonal grain boundaries. 
Antiperthitic plagioclase crystals are moderate, and light rust 
coloured alteration in plagioclase is visible. The grains in the 
sample show low sericitization. 

 

Figure 81, XPL, ab twins in pl, low sericitization, antiperthitic pl and 
hydroxide reaction in opx. 
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3.2 Bulk rock geochemical classification 
Table 1, Abbreviations used in the P-Q diagrams 

to tonalite 
gd granodiorite 
ad admellite (quartz monzonite) 
gr granite 
dq quartz diorite 
mzdq quartz monzodiorite 
mzq quartz monzonite 
sq quartz syenite 
go gabbro 
mzgo monzogabbro 
mz monzonite 
s syenite 
 

 

 

 

 

 

 

 

 

 

Figure 82, Skene domain 

Figure 83, Halmstad domain Figure 84, Varberg domain domain 
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Figure 85, all three domains. 

 

Table 2, protolith classifications from Debon and Le Fort, localities in italics and bold are from the same area but no thin sections have been 
studied. 

Thin section Domain Area Protolith 

FHM101031S Skene Töresjö Granodiorite 

FHM101138U Skene Fridhemsberg Granodiorite 

JAN140012A Skene Kampås Quartz monzonite (adamellite) 

FHM101051T Skene Toppeberg Granodiorite 

Toppeberg Skene Toppeberg Quartz diorite 

IML0901046 Varberg Stavsjö Quartz monzodiorite 

Stavsjö Varberg Stavsjö Quartz monzodiorite 

Stavsjö 2 Varberg Stavsjö Gabbro 

JAN100054A Varberg Dagsås Quartz monzodiorite 

JAN140009A Varberg Kulparp Quartz monzonite (adamellite) 

Kulparp 1 Varberg Kulparp Gabbro 

JAN140001S Halmstad Mobjär sten, Mokrik Granodiorite 

Mokrik Halmstad Mokrik Quartz monzonite (adamellite) 

JAN140002S Halmstad Hallandssten Granodiorite 

Knobesholm Halmstad Knobesholm Quartz monzonite 
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3.3 Petrotectonic association 

 
Figure 86, petrotectonic association. 

 
Figure 87, petrotectonic association. 
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3.4 Geotectonic classification 

 
Figure 88, tectono-magmatic classification. 

4. Discussion 

4.1 Skene 
Main mineralogy for the migmatitic gneisses in this domain is 
quartz, plagioclase, hornblende, biotite, titanite and opaque 
minerals but garnet is missing. 

The textures of the Skene samples are inequigranular to seriate 
with both polygonal and interlobate grain boundaries. 

Overall for the Skene domain, the orthogneisses have blue-
green hornblende, dark brown/green brown biotite, microcline 
with tartan twinning, myrmekite formations, no antiperthitic 
plagioclase and no perthitic orthoclase. 

With the given geochemical data, protolith classifications 
ranges from granodiorite to quartz monzonite and plots within 
the subalkaline field. Prototectonic association plots within the 
high-K calc-alkaline series and as metaluminous. Tectono-
magmatic environment plots mostly in post-collision uplift, 
with two samples in the pre-plate collision field. Post-collision 
uplift can be associated with reheating and melting. The 
gneisses in the Skene domain show leucosome and mesosome 
segregation, and migmatitization, which is consistent with 
melting. 

4.2 Varberg 
Main mineralogy for the gneisses in this domain is quartz, 
feldspar, pyroxene, biotite, hornblende, garnet and opaque 
minerals.  

The texture of the Varberg samples are seriate with both 
polygonal and interlobate grain boundaries. 

Overall for the Varberg domain, the orthogneisses have brown-
green hornblende, red-brown biotite, antiperthitic plagioclase, 
perthitic orthoclase, myrmekite formations and no microcline 
with tartan twinning. From the petrographic study, the Varberg 
samples seem to have been subjected to fluid alteration. 
Possible limonite coatings on orthopyroxenes are visible in 
most of the samples and the rusty alteration of feldspars might 
be clay. Excess K and Na ions could then be one possible 
source for the high antiperthite content in the samples. The 
pyroxenes also show alteration along the cleavage planes in the 
Kulparp samples. 

With the given geochemical data, protolith classifications 
ranges from gabbro to quartz monzodiorite and quartz 
monzonite, and plots within the subalkaline field. The samples 
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plotting in the gabbro field are mafic lenses. Prototectonic 
association plots within the high-K calc-alkaline series except 
for two samples that plot in the calc-alkaline series. All 
samples plots as metaluminous. Tectono-magmatic 
environment plots in the post collisional uplift and late-
orogenic field. 

4.3 Halmstad 
Main mineralogy for the gneisses in this domain is quartz, 
plagioclase, hornblende, biotite and opaque minerals and 
occasionally garnet and epidote. 

The textures of the Halmstad samples are seriate to 
inequigranular with both polygonal and interlobate grain 
boundaries. 

Overall for the Halmstad domain, the orthogneisses have 
brown-green hornblende, red-brown biotite, antiperthitic 
plagioclase, no perthitic orthoclase and no microcline with 
tartan twinning. From the petrographic study, the Halmstad 
samples seem to have been subjected to water alteration, in the 
same ways as in Varberg. Possible limonite coatings on 
orthopyroxenes are visible, and are more developed than in the 
Varberg gneisses, in most of the samples, and the rusty 
alteration of feldspars could be clay. Excess K and Na ions 
could then be one possible source for the high antiperthite 
content in the samples. 

With the given geochemical data, protolith classifications 
ranges from quartz monzodiorite to granodiorite and plots 
within the subalkaline field. Prototectonic association plots 
within the high-K calc-alkaline series and as metaluminous. 
Geotectonic setting plots within the active continental margin. 
Tectono-magmatic environment plots in the late-orogenic field. 

4.4 Petrographic comparison 
In the Skene domain we have both polygonal and interlobate 
grain boundaries, and microcline. The twinning in microcline 
are thin to tabular thick, and no high temperature twins were 
observed. Myrmekite between feldspar and quartz is found in 
the Skene gneisses. Retrograde metamorphism have been more 
successful in the Skene domain than in the other two studied 
domains and conditions seems more hydrous in these gneisses. 
This can be seen by the well-developed titanite crystals and 
titanite rims around other minerals, higher sericite content and 
the larger content of free muscovite in the samples. 

In the Varberg domain the orthogneisses have mostly 
interlobate grain boundaries. Flame perthite, and possible 
exsolution lamellae in the {100} plane in the pyroxenes, is 
found in the Kulparp samples. Flame perthite is a retrograde 
reaction that develops under high pressure conditions and 
intermediate to high temperatures (Passchier and Trouw 
(2005)). Garnet is common in the Varberg gneisses, and 
indicates intermediate grade metamorphism or high pressure 
(Clarence and Hall (2007)). Myrmekite between feldspar and 
quartz is found in the Varberg gneisses. 

In the Halmstad domain the orthogneisses have both interlobate 
and polygonal grain boundaries, and antiperthite is common. 

K-feldspar exsolution in albite, is a retrograde reaction that 
usually occurs at intermediate to high temperatures (Passchier 
and Trouw (2005), Nesse, W.D. (2009)).  

4.5 Petrographic summary 
From the petrographic result we see that all three domains are 
different in texture, have different Fe- and Mg-bearing minerals 
and show different combinations of exsolution lamella and 
symplectite formations. Evident is the color of hornblende and 
biotite, where the general relationship for biotite is that color 
reflects Fe and Mg content, with green-brown being more Mg-
rich with high Fe3+/(Fe2++Fe3+), and red-brown is more Fe-rich 
with low Fe3+/(Fe2++Fe3+) and is also Ti-bearing (Lalonde and 
Bernard (1993)). For hornblende the color relationship is Fe3+ 
and Ti substitution for Al, giving us that blue-green hornblende 
have high Fe3+ and Ti but low Al. For brown-green 
hornblende we have low Fe3+ and Ti but high Al (Frost and 
Frost (2014)). The antiperthitic plagioclase indicates high Na, 
perthitic orthoclase, and microcline indicates high K, titanite 
indicates high Ca and Ti and garnets indicates high Fe, Mg and 
Mn or Ca (Klein and Philpotts (2013)). Myrmekite occurs 
during cooling and is nucleated along grain boundaries where 
there are available Ca2+ ions (Widenfalk (1969), Voll (1982)). 
It is formed when K+ is removed and Ca2+, Na+ and Si4+ is 
added. This can be done by magma intrusion (Wirth and Voll 
(1987)). Myrmekite is found under both intermediate to high 
grade conditions, but where melting is not achieved, indicating 
anhydrous conditions or lower temperature and pressure 
(Collins (1998)). For a summary of the domains, see table 3 
below. 

This gives us that the geochemical composition of the 
metamorphic minerals in the Skene gneisses are enriched with 
K, Ca and Mg. The metamorphic minerals in the Varberg 
gneisses are enriched with Na, K, Ca and Fe and the 
metamorphic minerals in the Halmstad gneisses are enriched 
with Na and Fe.  

From the petrographic study it appears that the Skene gneisses 
have been metamorphosed in amphibolite facies and hydrous 
conditions. The Varberg gneisses appear to have been 
metamorphosed in amphibolite or granulite facies and 
anhydrous conditions, and the Halmstad domain appears to 
also have been metamorphosed in amphibolite or granulite 
facies and anhydrous conditions somewhere between the Skene 
and the Varberg conditions. 

There also seems to be a higher grade of recrystallization in the 
Skene and Halmstad gneisses in comparison to the Varberg 
gneisses, where polygonal grain boundaries are less developed. 
This could be due to higher deformation in the Skene and 
Halmstad domain or the presence of more fluids. No further 
research have been made in this study regarding this. 
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Table 3, petrographic summary 

 Hornblende 
color Biotite color Anti-

perthite Perthite Tartan 
twinning  Myrmekite Titanite Garnet Mg/Fe Fe3+ Al 

Skene Blue-green Dark brown/ 
green brown No No Yes Yes Yes No Mg-rich High 

Fe3+ 
Low 
Al 

Varberg Brown-green Red-brown Yes Yes No Yes Partly Yes Fe-rich Low 
Fe3+ 

High 
Al 

Halmstad Brown-green Red-brown Yes No No No No Partly Fe-rich Low 
Fe3+ 

High 
Al 

            

4.6 Rock quality, road, railroad and concrete 
The technical values are less good for road aggregates in most 
of the Skene gneisses, and mica is common. This makes the 
Skene gneisses unsuitable for road, railroad and concrete 
materials. The exception might be Toppeberg, which could be 
used for base courses or concrete, depending on the grain 
boundaries. In the samples studied, both polygonal and 
interlobate grain boundaries are present in equal amounts. The 
mica content varies significantly within the localities, which 
might make it difficult to mine. Selective mining, mapping and 
sampling could be of interest for this locality. 

The technical values from the Varberg gneisses indicate that 
Stavsjö, with its polygonal grain boundaries, is good for 
concrete material. Stavsjö 1 has very low mica content; 
however, the biotite is sometimes severely chloritized, which 
can affect the quality of the concrete. Kulparp and Dagsås is 
good for road and railroad material. This is evidenced by the 
petrographic description with interlobate grain boundaries, 
small amounts of mica with mica sizes less than 2 mm. LA-
values and the water absorption values are all suitable for 
railroad aggregates. 
 
The technical values for the Halmstad gneisses are good for 
both road and concrete material. Mobjär sten, Mokrik, should 
be good for base courses, which is confirmed by the 
petrographic study, where interlobate grain boundaries are 
found with low mica content. Hallandssten is suitable for 
concrete material, has confirmed by the polygonal grain 
boundaries and the low mica content. Knobesholm could be 
good for concrete material. Grain boundaries are mainly 
polygonal. However, the mica content is somewhat higher than 
in Hallandssten and long acicular biotite is common.  

4.7 Uncertainties 
When doing a petrographic study, you only look at a very small 
part of the rock. For the same locality the composition can vary 
significantly between protolith, leucosome, mesosome and 
faulting. To minimize errors, due to the small scale that thin 
sections offers, detailed mapping and selective sampling can be 
helpful, for a more accurate interpretation. 

For petrographic studies there is also a certain amount of 
personal opinion regarding textures and estimated amount. 

Consideration should be taken for the geochemical data and the 
software used for protolith classification. The gneisses studied 
here are both pervasively metamorphosed and migmatised, 
making them unsuitable for geochemical studies.  

Conclusions have been made based on assumed technical 
values, that is not in all cases done on the studied sample, but 
on samples from the same area and taken from samples with 
similar composition.  

Standard deviation for the technical and geochemical data have 
not been made, since these values where given by the Swedish 
Geologic Survey. 

5. Conclusion 
The Skene orthogneisses typically have blue-green hornblende, 
dark brown/green brown biotite, no antiperthitic plagioclase, 
no perthitic orthoclase, microcline with tartan twinning, titanite 
and opaque minerals but no garnet. The textures of the Skene 
samples are inequigranular to seriate with both polygonal and 
interlobate grain boundaries. 

The Varberg orthogneisses typically have brown-green 
hornblende, red-brown biotite, antiperthitic plagioclase, 
perthitic orthoclase, no microcline with tartan twinning, garnet 
and opaque minerals. The texture of the Varberg samples are 
seriate with both polygonal and interlobate grain boundaries. 

The Halmstad orthogneisses typically have brown-green 
hornblende, red-brown biotite, antiperthitic plagioclase, no 
perthitic orthoclase and no microcline with tartan twinning, 
opaque minerals and occasionally garnet and epidote. The 
textures of the Halmstad samples are seriate to inequigranular 
with both polygonal and interlobate grain boundaries. 

From the study, it is concluded that even though the protolith 
classifications plot fairly similar, the metamorphic overprint 
seems to differ between the domains. From hydrous conditions 
in the amphibolite facies in the Skene gneisses, anhydrous 
conditions in the amphibolite to granulite facies in the Varberg 
gneisses, to anhydrous conditions in the amphibolite to 
granulite facies in the Halmstad gneisses. The Skene and 
Halmstad gneisses have a more pervasive recrystallization than 
the Varberg gneisses. 
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From the petrographic study, rocks suitable for road aggregate 
production correlate with the presence of antiperthitic 
plagioclase and the absence of tartan twinning and titanite. 
Furthermore, higher sericitization has been correlated to higher 
technical values for road aggregates, which is inconsistent with 
previous work. This could be due to the Halland area being 
subjected to several metamorphic events, where prograde and 
retrograde reactions have affected the plagioclase differently, 
than in areas from previous work. It is concluded that the 
Varberg and the Halmstad gneisses seems to have the best 
properties for production of aggregates for roads while the 
Skene gneisses unsuitable for this purpose. This could be due 
to the fact that the Skene domain have a higher retrogression in 
comparison to the other domains 
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8. Appendix 

Appendix 1, detailed thin section descriptions 
 

Thin Section Area Minerals  Accessory minerals Dark phases 
in % 

Texture, thin 
section 

Grain boundaries, 
thin section 

Foliation, defined by 
what/which minerals 

FHM101031S  Töresjö/Töresjö Feldspar, quartz, 
hornblende, biotite 

Opaque minerals, titanite, 
epidote, allanite, apatite 30% Seriate Interlobate 

Foliation is defined by bands of 
aligned biotite and hornblende; 
cleavage domains are rough to 
smooth and show a parallel to 

somewhat anastomosing 
structure 

FHM101031T Töresjö/Töresjö Feldspar, quartz, 
hornblende, biotite 

Opaque minerals, 
muscovite, titanite, apatite, 

zircon 
10% Seriate Interlobate and 

polygonal 

Foliation is defined by bands of 
aligned biotite and hornblende; 

cleavage domains are rough 

FHM101138U Fridhemsberg Quartz, biotite, 
hornblende, feldspar,  

Opaque minerals, apatite, 
titanite, epidote, allanite, 

chlorite 
20% Inequigranular Polygonal and 

interlobate 

Foliation is defined by bands of 
aligned biotite and hornblende; 

cleavage domains are rough 

FHM101138V Fridhemsberg Quartz, feldspar, 
biotite 

Hornblende, opaque 
minerals, titanite, epidote, 

apatite, zircon, chlorite 
5-10% Inequigranular to 

seriate Interlobate 

Foliation is defined by bands of 
aligned biotite and hornblende; 
cleavage domains are smooth 

and parallel 

JAN140012A Kampås 
Quartz, feldspar, 

biotite, hornblende, 
opaque minerals 

Muscovite, titanite, apatite, 
zircon, chlorite 10% Inequigranular to 

seriate Interlobate 

Foliation is defined by bands of 
aligned biotite, hornblende and 

opaque minerals; cleavage 
domains are smooth and parallel 



37 
 

        

Thin Section Area Minerals  Accessory minerals Dark phases 
in % 

Texture, thin 
section 

Grain boundaries, 
thin section 

Foliation, defined by 
what/which minerals 

FHM101051T1 Toppeberg Quartz, feldspar, 
hornblende, biotit 

Opaque minerals, titanite, 
apatite, allanite, epidote, 

calcite, muscovite, chlorite 
10% Inequigranular Interlobate and 

polygonal 

Foliation is defined by partly 
aligned biotite, hornblende and 

opaque minerals; cleavage 
domains are rough to smooth 
and show an anastomosing 

structure 

FHM101051T2 Toppeberg Quartz, feldspar, 
hornblende, biotite, 

Opaque minerals, titanite, 
apatite, epidote, allanite,  

calcite, muscovite, zircon, 
chlorite 

5% Inequigranular Interlobate and 
polygonal 

Foliation is defined by partly 
aligned biotite, hornblende and 

opaque minerals; cleavage 
domains are rough 

IML091046 Stavsjö 
Quartz, biotite, 

hornblende, opaque 
minerals, feldspar 

Titanite, apatite, muscovite, 
zircon,  30% Seriate Polygonal 

Foliation is defined by partly 
banded biotite, hornblende and 

opaque minerals,  cleavage 
domains are rough to smooth 
and show an anastomosing 

structure 

Stavsjö 1 Stavsjö 
Feldspar, quartz, 

hornblende, opaque 
minerals, pyroxenes 

Biotite, muscovite, epidote, 
titanite, calcite, zircon, 

chlorite 
20% Inequigranular Interlobate and 

polygonal 

Foliation is defined by partly 
banded biotite, hornblende and 

opaque minerals; cleavage 
domains are smooth and show a 

parallel structure 

Stavsjö 2 Stavsjö 

Hornblende, quartz, 
feldspar, pyroxene, 

garnet, opaque 
minerals 

Apatite 50% Seriate Polygonal and 
interlobate - 
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Thin Section Area Minerals  Accessory minerals Dark phases 
in % 

Texture, thin 
section 

Grain boundaries, 
thin section 

Foliation, defined by 
what/which minerals 

JAN100054A Dagsås 

Quartz, feldspar, 
hornblende, garnet, 

opaque minerals  
pyroxenes, 

Biotit, apatite, zircon, 
chlorite 20% Seriate Polygonal and 

interlobate 

Foliation is defined by clear 
banding of hornblende, garnet, 
opaque minerals, pyroxenes, 

some biotite and quartz; 
cleavage domains are smooth 

and show an anastomosing 
structure 

JAN140009A Kulparp Quartz, feldspar 
 Hornblende, opaque 

minerals, biotite, garnet, 
apatite, allanite 

5% Seriate Polygonal and 
interlobate 

Foliation is defined by diffuse 
banding of hornblende, garnet, 
opaque minerals, some biotite 
and quartz; cleavage domains 

are rough and show a somewhat 
anastomosing structure 

JAN140009B Kulparp Feldspar, quartz, Opaque minerals, garnet, 
muscovite 1% Seriate Interlobate - 

Kulparp 1 Kulparp 

Quartz, feldspar, 
pyroxenes, 

hornblende, opaque 
minerals, biotite 

Garnet, apatite 50% Seriate Interlobate - 

Kulparp 2 Kulparp Quartz, feldspar, 
hornblende, biotite, 

Opaque minerals, 
pyroxenes,  garnet, apatite, 

zircon 
10% Seriate Interlobate - 

Kulparp 2 (a) Kulparp Quartz, feldspar, 
hornblende 

Opaque minerals, biotit, 
pyroxene, apatite, 
muscovite, zircon 

10% Seriate Interlobate Quartz 
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Thin Section Area: Minerals  Accessory minerals Dark phases 
in % 

Texture, thin 
section 

Grain boundaries, 
thin section 

Foliation, defined by 
what/which minerals 

JAN140001S Mobjär sten, 
Mokrik 

Quartz, feldspar, 
hornblende, biotite 

Opaque minerals, garnet, 
apatite, allanite, zircon 5% Inequigranular 

Interlobate, 
occasionally 
polygonal 

Foliation is defined by biotite, 
hornblende, opaque minerals 
and quartz; cleavage domains 

are rough and show a somewhat 
anastomosing structure 

JAN140002S Hallandssten 
Quartz, feldspar, 

hornblende, opaque 
minerals, biotit 

Allanite, zircon, chlorite 10% Seriate Polygonal 

Foliation is defined by biotite, 
hornblende, opaque minerals 
and quartz; cleavage domains 

are rough and show a somewhat 
anastomosing structure 

JAN140013A Knobesholm 
Quartz, feldspar, 

hornblende, biotit, 
opaque minerals 

Epidote, apatite, allanite, 
zircon, chlorite 20% Inequigranular  

Polygonal, 
occasionally 
interlobate 

Foliation is defined by mafic 
minerals, opaque minerals and 
quartz; cleavage domains are 
smooth and show a parallel 

structure 
 



40 
 

Thin section Area Antiperthite  Perthite Tartan twinning 
(microcline) Orthoclase Quartz ribbons, 

strained/unstrained Sericitization Myrmekitization Muscovite 

FHM101031S  Töresjö/Töresjö - - Common - - Low Sparse - 

FHM101031T Töresjö/Töresjö - - Common - - Modest to severe 
 Sparse 

Muscovite as inclusions 
and in contact with 

plagioclase and quartz 

FHM101138U Fridhemsberg Low - Low to sparse - - Modest - - 

FHM101138V Fridhemsberg - - Low - - Low to modest Sparse - 

JAN140012A Kampås - - Common - - Modest to severe Low 

Muscovite as inclusions 
and in contact with 

quartz and plagioclase. 
 

Muscovite as individual 
crystals 

FHM101051T1 Toppeberg - - Common - - Low to modest Low 
Muscovite as inclusions 
and in contact with other 

minerals, 

FHM101051T2 Toppeberg - - Common - - Modest to severe - 
Muscovite as inclusions 
and in contact with other 

minerals, 

IML091046 Stavsjö Modest - Sparse - Somewhat aligned 
larger quartz crystals Modest to severe - Muscovite as crack 

fillings in quartz, 
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Thin section Area Antiperthite  Perthite Tartan twinning 
(microcline) Orthoclase Quartz ribbons, 

strained/unstrained Sericitization Myrmekitization Muscovite 

Stavsjö 1 Stavsjö - - Common - - Modest to 
severely - 

Muscovite as crack 
fillings in quartz and as 
inclusions in feldspars 

Stavsjö 2 Stavsjö - - Low - - Modest to 
severely - - 

JAN100054A Dagsås Common - - - Clear quartz ribbons Low Modest - 

JAN140009A Kulparp Common Common - Anheadral - 
interlobate Clear quartz ribbons - Low to sparse - 

JAN140009B Kulparp Common Modest - - - Low to modest Sparse to modest Muscovite as crack 
fillings, 

Kulparp 1 Kulparp Modest - - - - Low - - 

Kulparp 2 Kulparp Modest Modest - 
Anheadral, 

equigranular 
interlobate 

- Low Sparse to modest - 

Kulparp 2 (a) Kulparp Sparse Modest - Anhedral - 
interlobate Yes, quite thick Modest  Sparse to modest Muscovite as crack 

fillings, 

JAN140001S Mobjär sten, 
Mokrik Common - - - Yes Low - - 

JAN140002S Hallandssten Sparse - - - Yes, common Sparse - - 

JAN140013A Knobesholm Modest - - - Yes, thin, common Low - - 
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  Hornblende Biotite 

Thin section Area Colour Grain size Colour Content Grain size Occurrence Chloritized 

FHM101031S  Töresjö/Töresjö Blue-green <4 mm Dark brown Common <2 mm, occasionally 
larger 

As individual grains and as 
aggregates together with 

hornblende, some are 
aligned in bands 

- 

FHM101031T Töresjö/Töresjö Blue-green <2 mm Dark brown Modest <1 mm 
As individual grains and as 

aggregates in aligned 
bands 

- 

FHM101138U Fridhemsberg Blue-green <2 mm Green-brown Common <2 mm As individual grains and 
aggregates Some are partly 

FHM101138V Fridhemsberg Blue-green <1 mm Dark brown Common <1 mm As individual grains and as 
aggregates Few are partly 

JAN140012A Kampås Blue-green <1 mm Green-brown Common <1 mm As individual grains and as 
aggregates Some are partly to severely 

FHM101051T1 Toppeberg Blue-green 

<1 mm, 
occasionally 
larger than 1 

mm 

Dark brown Modest <1 mm, occasionally 
larger than 1 mm 

As individual grains and as 
aggregates Often partly 

FHM101051T2 Toppeberg Blue-green <2 mm Dark brown Common <1mm As individual grains and as 
aggregates Often partly 

IML091046 Stavsjö Brown-green 
<1 mm, 

occasionally 
larger  

Dark red-
brown Common <1 mm 

Individual grains and as 
aggregates, some are in 
contact with the opaque 

minerals 

- 
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  Hornblende Biotite 

Thin section Area Colour Grain size Colour Content Grain size Occurrence Chloritized 

Stavsjö 1 Stavsjö Blue-green <2 mm Brown Low <1 mm 

Individual grans and in 
contact with the opaque 
minerals, decomposed 

minerals 

Some are severely 
chloritized 

Stavsjö 2 Stavsjö Brown-green <1 mm - - - - - 

JAN100054A Dagsås Brown-green <1 mm Red-Brown Modest <0.5 mm, occasionally 
larger 

Individual grains in contact 
with the opaque minerals Few are partly 

JAN140009A Kulparp Brown-green <1 mm Green-brown Sparse <0.5 mm, occasionally 
larger 

Individual grains, acicular 
form - 

JAN140009B Kulparp - - - - - - - 

Kulparp 1 Kulparp Brown-green <1 mm Red-Brown Modest <0.5 mm As individual grains and as 
aggregates - 

Kulparp 2 Kulparp Brown-green <1 mm Red-Brown Modest <1 mm 
As individual grains, as 

aggregates and in contact 
with opaque minerals 

- 

Kulparp 2 (a) Kulparp Brown-green <1 mm Red-Brown Low to sparse <1 mm As individual grains and 
aggregates - 

JAN140001S Mobjär sten, 
Mokrik Brown-green <2 mm Red-Brown Modest <1 mm As individual grains and 

aggregates - 

JAN140002S Hallandssten Brown-green <3 mm Red-Brown Modest to 
common <1 mm As individual grains and as 

aggregates Some are partly 

JAN140013A Knobesholm Brown-green <2 mm Red-Brown Modest 

<1 mm except for 
extra thin acicular 

biotite crystals that are 
<2 mm 

As individual grains and as 
aggregates Few are partly 
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Thin section Area Titanite Garnet Pyroxene description 

FHM101031S  Töresjö/Töresjö Few individual grains - - 

FHM101031T Töresjö/Töresjö 

Sparse as small individual 
grains and as small rims 

around the opaque 
minerals 

- - 

FHM101138U Fridhemsberg As individual grains - - 

FHM101138V Fridhemsberg 
As individual grains and in 

contact with the opaque 
minerals 

- - 

JAN140012A Kampås 

As individual grains and as 
thick rims around and in 
contact with the opaque 

minerals. Titanite with an 
opaque mineral core is 

common. 

- - 

FHM101051T1 Toppeberg As rims around the opaque 
minerals - - 
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Thin section Area Titanite Garnet Pyroxene description 

FHM101051T2 Toppeberg As rims around the opaque 
minerals - - 

IML091046 Stavsjö Thin rims around the 
opaque minerals - - 

Stavsjö 1 Stavsjö 
As individual grains and in 

contact with the opaque 
minerals 

- Few ortho- and clinopyroxenes 

Stavsjö 2 Stavsjö 
As individual grains and in 

contact with the opaque 
minerals 

Common and irregular, 
inclusions are common, in 
contact with hornblende 
but mostly as individual 

grains 

Orthopyroxenes are common 

JAN100054A Dagsås - 

Common and in bands 
with other mafic minerals, 
regular and irregular form, 

inclusions are common 

Ortho- and clinopyroxenes are 
modest to common 

JAN140009A Kulparp - 
Garnets are small as 

individual crystals, regular 
form,  

  

JAN140009B Kulparp - 

Small few crystals, 
individual crystals, regular 
and irregular form, litle or 

no inclusions 

- 

     



46 
 

Thin section Area Titanite Garnet Pyroxene description 

Kulparp 1 Kulparp - 

Few small crystals as 
individual crystals, regular 

and irregular form, 
inclusions common, in 
contact with biotite and 

opaque minerals 

Ortho- and clinopyroxenes are 
common and large. Inclusions in 

the pyroxenes, both opaque 
mineral stains and brownish 

streaks along the cleavage plane 

Kulparp 2 Kulparp - 

Regular and irregular form 
and appears as individual 
crystals, sometimes with 

inclusions 

Few, small ortho- and 
clinopyroxenes 

Kulparp 2 (a) Kulparp - Regular and irregular 
individual crystals Few orthopyroxenes 

JAN140001S Mobjär sten, Mokrik - 

Regular and irregular 
formed individual crystal, 

inclusions are common and 
the garnet occurs in contact 

with the mafic minerals 

- 

JAN140002S Hallandssten - - - 

JAN140013A Knobesholm - - - 
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Appendix 2, technical data 

Thin section Area Domain N E 
Road 

Railroad 
Concrete 

Density Study tyre 
value LA-value 

Micro-
Deval 
value 

Water- 
absorption 

value 
FHM101031S  Töresjö/Töresjö Skene 6345216 361831 - 2.71 28.4 52.3 18.7 0.2  

FHM101031T Töresjö/Töresjö Skene 6345208 361838 Concrete 2.71 28.4 52.3 18.7  0.2 

FHM101138U Fridhemsberg Skene 6338119 363792 - 2.75 19 46 12 0.2 

FHM101138V Fridhemsberg Skene 6338119 363792 - 2.75 19 46 12 0.2 
JAN140012A Kampås Skene 6344870 361200 - 2.73 23 41 15 0.2 

FHM101051T1 Toppeberg Skene 6340954 364297 Supporting layer. 
road and concrete 2.71 16.1 40.2 10.6 0.2 

FHM101051T2 Toppeberg Skene 6340954 364297 Supporting layer. 
road and concrete 2.71 16.1 40.2 10.6 0.2 

IML091046 Stavsjö Varberg 6313143 347210 Concrete 2.71 15 34 10 0.2 

Stavsjö 1 Stavsjö Varberg 6312982 347490 Concrete 2.71 15 34 10 0.2 

Stavsjö 2 Stavsjö Varberg 6312982 347490 - -  -  High 
sericitization -   - 

JAN100054A Dagsås Varberg 6329200 350077 Railroad 2.78 11 19 8 0.3 

JAN140009A Kulparp Varberg 6338978 346390 Railroad 2.67 8.4 20.3 5.6  - 

JAN140009B Kulparp Varberg 6338978 346390 - -  -  Low 
sericitization -   - 

Kulparp 1 Kulparp Varberg 6338978 346390 - -   - Low 
sericitization  -  - 

Kulparp 2 Kulparp Varberg 6338978 346390 Railroad 2.67 8.4 20.3 5.6  - 
Kulparp 2 Kulparp Varberg 6338978 346390 Railroad 2.67 8.4 20.3 5.6  - 

JAN140001S Mobjär sten. 
Mokrik Halmstad 6298969 357544 Supporting layer. 

road 2.67 15.4 43.4 10.1  0.1 

JAN140002S Hallandssten Halmstad 6299896 357092 Concrete 2.68 14.0 38.5 8.6  0.1 

JAN140013A Knobesholm Halmstad 6308329 363937 Concrete 2.70 13.0 30.0 9.0 0.2 
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Appendix 3, geochemical data 

Thin Section  Area  SIO2 TIO2 AL2O3 FE2O3 MGO CAO MNO NA2O K2O P2O5 LOI OXIDSUM 
FHM101031S Töresjö 65.80 0.49 15.45 4.61 2.12 3.68 0.15 3.92 2.89 0.18 0.80 100.09 
FHM101138U Fridhemsberg 62.80 0.85 15.45 5.69 2.23 4.17 0.13 3.65 3.39 0.25 0.68 99.29 
JAN140012A Kampås 68.60 0.65 14.10 4.45 1.25 2.77 0.07 2.68 4.31 0.19 0.47 99.54 
FHM101051T Toppeberg 66.20 0.44 16.15 3.67 1.31 3.23 0.08 4.22 3.47 0.15 0.72 99.64 

Toppeberg Toppeberg 64.33 0.57 16.70 4.54 1.66 3.94 0.07 5.06 2.21 0.20 0.40 99.68 
IML0901046 Stavsjö 63.94 0.67 16.40 4.93 1.37 3.12 0.12 4.65 3.77 0.26 0.40 99.63 

Stavsjö Stavsjö 64.21 0.61 16.43 4.71 1.40 3.36 0.12 4.71 3.42 0.24 0.40 99.61 
Stavsjö 2 Stavsjö 48.10 0.98 16.70 11.20 5.96 10.25 0.22 3.68 0.86 0.27 1.15 99.37 

JAN100054A Dagsås 60.91 0.85 16.55 6.52 2.04 4.80 0.13 4.05 3.10 0.31 0.40 99.66 
JAN140009A Kulparp 68.10 0.53 15.40 3.75 0.95 2.25 0.10 4.34 4.46 0.17 0.32 100.37 

Kulparp 1 Kulparp 54.30 0.94 14.55 10.45 4.96 7.23 0.31 4.79 1.26 0.23 0.48 99.50 
JAN140001S Mobjär sten. Mokrik 68.10 0.46 14.65 3.50 1.02 2.41 0.09 4.41 3.65 0.16 0.45 98.90 

Mokrik Mokrik 69.63 0.41 14.74 3.01 0.80 2.01 0.08 4.13 4.55 0.14 0.20 99.70 
JAN140002S Hallandssten 68.50 0.47 14.65 3.49 1.02 2.50 0.09 4.25 3.77 0.17 0.46 99.37 
Knobesholm Knobesholm 63.92 0.72 16.06 5.07 1.44 3.34 0.11 4.15 4.12 0.28 0.40 99.61 

All oxides are given in wt. %, samples in italic and bold are from the same area but the same sample has not been petrographically studied. 
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Appendix 4, pictures 
 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 2, locations for sample sites, light green is the Skene 
domain, light blue is the Varberg domain and light pink is the 
Halmstad domain. Locality names in red are quarries. (Small 
map from Söderlund et al. (2004)) 

Figure 1, Domain map of southwestern Scandinavia. (Source: 
Andersson et al. (2014)) 
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Figure 3, stromatic gneiss at Töresjö. Source SGU BGdata (2013). 

 

 

Figure 4, stromatic gneiss with fine grained mafic lenses parallel to the layering. Fridhemsberg. Source Lundgren (2012). 
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Figure 5, gneiss at Kampås. Source SGU BGdata (2013). 

 
Figure 6, granitic gneiss at Toppeberg. Source Lundgren (2012). 
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Figure 7, migmatitic gneiss at Stavsjö. Source SGU BGdata (2013). 

 
Figure 8, dark gneiss at Dagsås. Source SGU BGdata (2013). 
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Figure 9, gneiss at Kulparp. Source SGU BGdata (2013). 

 
Figure 10, gneiss with disrupter metabasic bodies at Mokrik. Source Lundgren (2012). 
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Figure 11, folded veins in a gneiss at Hallandssten. Source Lundgren (2012). 

 
Figure 12, reddish grey gneiss at Knobesholm. Source Lundgren (2012). 
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Figure 13, Passchier and Trouw (2005). 

 
Figure 14, dark phase estimation. 
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Figure 15, Passchier and Trouw (2005). 

 
Figure 16, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 
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Figure 17, PPL, blue-green hb, dark brown bt and op. 

 
Figure 18, XPL, seriate texture with interlobate grain boundaries. Tartan twinning in mc and ab twins in pl. Qz and bt. 
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Figure 19, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 

 
Figure 20, PPL, aggregate with blue-green hb, dark-brown bt, and ser. 
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Figure 21, XPL, ttn rim around op. 

 
Figure 22, XPL, qz, tartan twinning in mc, severe sericitization and small mu inclusions in fsp. 
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Figure 23, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 

 
Figure 24, PPL, blue-green hb, green-brown bt, chloritization in bt. 
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Figure 25, XPL, decomposed aln core with an ep rim, in contact with bt. 

 
Figure 26, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 
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Figure 27, PPL, dark brown bt, ser, op and aln. 

 
Figure 28, XPL, inequigranular texture with interlobate grain boundaries, qz, bt, ab twins in pl, sericitization. 
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Figure 29, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 

 
Figure 30, PPL, blue-green hb and green-brown bt. 
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Figure 31, XPL, inequigranular to seriate texture with interlobate grain boundaries. Tartan twinning in mc, ab twins in pl. Opx, bt and qz. 

 
Figure 32, XPL, tartan twinning in mc, sericitization, beginning of symplectite formation, large mu. 
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Figure 33, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 

 
Figure 34, PPL, blue-green hb, brown bt, euhedral op. 
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Figure 35, XPL, inequigranular texture with polygonal grain boundaries, tartan twinning in mc. Qz, op, mu and ab twins in pl. 

 
Figure 36, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 
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Figure 37, PPL, Aln, op, ser and dark brown bt. 

 
Figure 38, XPL, Aln, op, ep, pl, ser, tartan twinning in mc, and cal in contact with bt. 
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Figure 39, scanned thin section.  Scale app. 6x4 cm. 

 
Figure 40, PPL, brown-green hb, brown to dark brown bt, op and ser. 
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Figure 41, XPL, inequigranular to seriate texture, polygonal grain boundaries. Ab twins in pl. Ser, op, bt, hb and qz. 

 
Figure 42, PPL, blue-green hb, brown bt, op and ser. 
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Figure 43, XPL, inequigranular texture with polygonal grain boundaries. Ab twins in pl. Cal in contact with op. 

 
Figure 44, XPL, tartan twinning in mc, ab twinning in pl, ser and somewhat undulose extinction in qz. 
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Figure 45, PPL, brown-green hb, grt, px, op. 

 
Figure 46, XPL, seriate texture with polygonal grain boundaries. Ser, px, hydroxide reaction of opx, inclusions in grt. 
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Figure 47, scanned thin section. Scale app. 6x4 cm. 

 
Figure 48, PPL, brown-green hb, red-brown bt, grt, op. 
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Figure 49, XPL, seriate texture with interlobate and polygonal grain boundaries, qz, antiperthitic pl, hydroxide alteration of opx. 

 
Figure 50, XPL, myrmekite formation, bt, pl and qz. 
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Figure 51, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 

 
Figure 52, PPL, brown-green hb, green-brown bt and op. 
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Figure 53, XPL, seriate texture with interlobate and polygonal grain boundaries, qz, antiperthitic pl and perthitic or. 

 
Figure 54, XPL, seriate texture with polygonal grain boundaries, flame perthite in or, strained qz. 
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Figure 55, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 

 
Figure 56, XPL, seriate texture with interlobate grain boundaries, qz and corona structure around antiperthitic pl. 
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Figure 57, XPL, myrmekite formation and grt corona around op and qz. 

 
Figure 58, sample prior to thin section cut. Scale app. 7x5 cm. Source SGU. 
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Figure 59, scanned thin section. Scale app. 6x4 cm. 

 
Figure 60, PPL, brown-green hb, red-brown bt, op, grt and px. 
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Figure 61, XPL, qz, alteration along the cleavage plane in px, possible exsolution lamellae. 

 
Figure 62, XPL, seriate texture with interlobate grain boundaries, pl, band with grt, hydroxide alteration of opx. 
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Figure 63, sample prior to thin section cut. Scale app. 8x4 cm. Source SGU. 

 
Figure 64, scanned thin section. Scale app. 6x4 cm. 
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Figure 65, PPL, brown bt, op and px. 

 
Figure 66, XPL, seriate texture with interlobate grain boundaries, pl and hydroxide reaction of opx. 
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Figure 67, sample prior to thin section cut. Scale app. 11x6 cm. Source SGU. 

 
Figure 68, scanned thin section. Scale app. 6x4 cm. Source SGU. 
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Figure 69, PPL, brown-green hb, red-brown bt, ap, op and hydroxide alteration of opx. 

 
Figure 70, PPL, hydroxide reaction of opx. Op and grt. 
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Figure 71, XPL, hydroxide reaction of opx. Ser, zrn, grt and op. 

 
Figure 72, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 
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Figure 73, PPL, brown bt, some with an acicular form, op, grt and ser. 

 
Figure 74, PPL, blue-green hb, red-brown bt, some with an acicular form, and op. 
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Figure 75, XPL, inequigranular texture with interlobate grain boundaries, red-brown bt, qz and antiperthitic pl, ab twins. 

 
Figure 76, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 
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Figure 77, PPL, brown-green hb, red-brown bt, and op. 

 
Figure 78, XPL, seriate texture with interlobate grain boundaries brown-green hb, qz-ribbons, and ab twins in pl. 
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Figure 79, sawed sample prior to thin section cut. Scale app. 6x4 cm. Source SGU. 

 
Figure 80, PPL, brown-green hb, red-brown bt, op, and qz-ribbons. 
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Figure 81, XPL, ab twins in pl, low sericitization, antiperthitic pl and hydroxide reaction in opx. 

 

Figure 82, Skene domain 
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Figure 83, Varberg domain 

 
Figure 84, Halmstad domain 
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Figure 85, all three domains. 

 

Figure 86, petrotectonic association. 
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Figure 87, petrotectonic association. 

 

Figure 88, tectono-magmatic classification. 


