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Abstract: At Kalkheia, Kristiansand, southern Norway, a marble layer was mined from 1826 to 1915. The thick-
ness of the marble varies from 0.5 to 5 metres and the layer can be followed for 700 metres. The area consists of 
amphibolitic gneiss, granitic gneiss, marble and pegmatites. The gneiss and the marble have originally been hori-
zontal layers, later folded to a synclinal dipping 181,18. The synclinal is a parasite fold on a larger fold called Tveit 
antiform. Kalkheia is surrounded by faults running WNW - ESE and north – south. In the contact between marble 
and gneiss, and also inside the marble layer, large amounts of skarn minerals are found. The skarn minerals identi-
fied are clinopyroxene, garnet, scapolite, quartz, hornblende, titanite, apatite, chlorite and vesuvianite.  
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Skarnmineral och geologiska strukturer, Kalkheia, Kristiansand, 
södra Norge 

INA VANG 

Vang, I., 2008: Skarn minerals and geological structures at Kalkheia, Kristiansand, southern Norway. Examensar-
beten i geologi vid Lunds universitet, nr. 232, 16 sid. 15 poäng.  

Nyckelord:  skarn, marmor, Kalkheia, södra Norge 

Ina Vang, Geologiska Institutionen, Centrum för GeoBiosfärsvetenskap, Lunds Universitet, Sölvegatan 12, 223 62 
Lund, Sverige. E-post: inavang@hotmail.com  

Sammanfattning: I Kalkheia, Kristiansand, södra Norge går ett marmorstråk där kalk har brutits från 1826 till 
1915. Marmorns mäktighet varierar från 0.5  till 5 meter och stråket kan följas ungefär 700 meter. Området består 
av amfibolitisk gnejs, granitisk gnejs, marmor och pegmatit. Gnejsen och marmorn har varit horisontella lager som 
har veckats till en synklinal som lutar mot söder. Denna synklinal är ett parasitveck på Tveit antiform  Kalkheia 
avgränsas av förkastningar som går VNV – ÖSÖ och nord – syd. I kontakten mellan marmor och gnejs och också i 
själva marmorn hittas stora mängder skarnmineral. Klinopyroxen, granat, skapolit, kvarts, hornblände, titanit, apa-
tit, epidot, klorit och vesuvianit är skarnmineralen som har hittats. Vanligast är klinopyroxen och skapolit som bil-
dar prismatiska kristaller i och omkring marmorn. Klinopyroxen är svart och skapolit är vit till ljusgul.  
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1 Introduction  
 
The purpose of this paper is to investigate the marble 
lenses at Kalkheia, approximately 4 km northeast of 
the centre of Kristiansand, Norway. The aim of the 
study is  

(1) to determine how the lenses occur in the sur-
rounding gneiss, and  

(2) to study the specific skarn minerals in one of 
the quarries.   

Kalkheia is a hill approximately 900 x 400 
metres rising 60 metres above the surroundings. The 
name means limy hill. Several small marble lenses 
occur interbedded in the country gneiss. The topogra-
phy is steep, and the marble occurs from ≈40 up to 
≈100 metres above sea level. Mining for marble took 
place between 1826 and 1915. It was used for mortar 
production (Frigstad, 1996). The rock is coarse grained 
and the marble layer can be followed more or less con-
tinuously for 700 metres. It varies in thickness from 

0.5 to 5 metres. The skarn minerals are created during 
metamorphose, when marble and surrounding rock 
react, skarn is therefore found in the contact zone be-
tween marble and the country rock. 

In this paper, most of the samples have been 
taken from quarries 11 and 12 (cf. Fig. 1). Quarry 
number 11 is called Pettersgruva, in this paper it will 
be referred to as Upper Pettersgruva and quarry num-
ber 12, Lower Pettersgruva.  

 

1.1 Geological outline 
1.1.1 Regional geology 
 
The Southwest Scandinavian Province is the youngest 
part of the Fennoscandian Shield, consisting of south-
ern Norway and south-western Sweden. It is Meso-
Proterozoic in age. Regional shear zones and faults 
separate the province into several terranes (cf. Fig. 2). 
All the terranes are made up of metasediments, 
metavolcanic rocks and granitic plutons.  

Fig. 1: Map over Kalkheia, the equidistance is 5 metres. The line from A to B shows where the profile is made. The quarries are 
numbered, no 2 is Kongegruva, no 3 is Langgruva, no 5 is Sommergruva, no 6 is Vintergruva, no 11 is upper Pettersgruva and 
no 12 is lower Pettersgruva. The lake where it says “øvre" lies 42 metres above sea level. The map is used with permission from 
Kristiansand Orienteringsklubb.  
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The oldest rocks are shelf-type sediments, 
approximately 1.7-1.5 Ga old (Bingen et al., 2001; 
Falkum, 1985). These sediments are now found in the 
Telemark, Bamble and Kongsberg terranes (Bingen et 
al., 2001). Originally the sediments comprised clay, 
sand and lime (Schnell, 1993). Their basement was 
probably gneiss or basalt (Falkum, 1985), and the 
source rock for the sediments were probably derived 
from the Fennoscandian Shield. A subduction of ocean 
crust under the Fennoscandian Shield led to the 
Gothian orogeny and volcanic activity from 1.7-1.5 
Ga. An E-W compression led to N-S foliation, folding, 
and magma intrusions (Schnell, 1993).   

After a calm period of several hundred mil-
lion years, a continent-continent collision led to the 
Sveconorwegian orogeny, which lasted from 1.19 to 
0.9 Ga (Bingen et al., 2003). The Sveconorwegian 
forms part of a world-wide orogenic system including 
a.o. the Grenville province in Greenland and parts of 
North America. This was the second regional deforma-
tion and metamorphic event in southern Norway. It 
was most intense in its southern and western parts. The 
Bamble area was pushed northwest above Telemark, 
along the Porsgrunn-Kristiansand shear zone 
(Henderson & Ihlen, 2004). Then the area was uplifted 
and eroded. 

1.1.2 Local geology 
Kristiansand is located immediately to the west of the 
Bamble terrane, in the southern part of the Telemark 
terrane. The gneisses in the Kristiansand area consist 
of supracrustal rocks, both sediments and volcanics. 
These rocks were later intruded by several generations 
of granite plutons (Falkum, 1969). According to Barth 
(1927), the marble in the Kristiansand area belongs to 
the Bamble terrane. Marble is found at various places 
around Kristiansand but also along other parts of the 
south coast of Norway. As seen in Fig. 3, Kalkheia is 
located in the western limb of the Tveit antiform. 
Falkum (1969) describes the rocks on Kalkheia as 
banded gneisses. In the description accompanying his 
map, Falkum says that the banded gneiss in Kristian-
sand normally has layers varying from 2 to 10 cm in 
thickness, but they may reach several metres, which is 
the case at Kalkheia. Normally the dark layers consist 
of biotite gneiss and the light ones of quartz-dioritic 
gneiss. A marble layer interbedded in the amphibolite 
in the antiform can be followed 15 km (Falkum, 1966). 

 
 

2 Methods 
 
The field work was carried out from 15 April to 2 
May, 2008. Foliation directions were measured on the 
marble and the surrounding rocks. The program STE-
REO was used for plotting. A geological map was 
compiled, and a profile was made (cf. Fig. 6). Samples 
for mineralogical studies were taken mainly from Up-
per and Lower Pettersgruva (cf. Fig. 1). Eight thin 
sections were investigated under the polarizing micro-
scope. A few minerals were studied in a scanning elec-
tron microscope (Hitachi S3400N fitted with an EDS 
analytical device (Link INCA)). The analyses are 
qualitative and made in low vacuum on unpolished 
and uncoated samples. 

 

3 Results 
 
Kalkheia consists of granitic gneiss, amphibolitic 
gneiss, pegmatite and marble. The granitic gneiss is 
fine to medium grained. The minerals that can be de-
tected macroscopically are quartz, microcline and bio-
tite; the biotite crystals seem to have a preferred orien-
tation parallel to the layering. The colour of the gran-
itic gneiss is light grey to pink. The amphibolitic 
gneiss is fine grained and black or dark grey in colour. 
Plagioclase and amphibole are the main minerals. The 

Fig. 2: Sketch map of the different terranes in southern   
Norway. 

Fig. 3: Geological map of the Kristiansand area, modified 
after Falkum (1982) and Frigstad (1995).  
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preferred orientation is layer parallel similar to the 
relations in the granitic gneiss. Both country rocks 
have a varying amount of biotite present. Pegmatite 
seems to be more common in the granitic than in the 
amphibolitic gneiss and it cuts the foliation. The grain 
size of the pegmatite varies from megacrysts of micro-
cline with 5 cm in diameter, to more medium grained 
pegmatite.  

 Around Kalkheia, steep hillsides run WNW-
ESE and to a minor extent NNE-SSW (Fig. 4). They 
are probably faults. The topography gives an impres-
sion of more or less vertical fracture zones. Quartz 
layers, which might be slickenside structures, have 
crystallized on the vertical hillsides; this can for exam-
ple be seen north of Vintergruva, Fig. 5. 

 The two faults, seen in Fig. 6, coalesce 200 
metres to the west of the map margin. To the east they 
continue on the other side of the lake Jegersberg. 400 
metres further north, another fault runs in the same 
direction. The southern side of Kalkheia is also very 
steep, with hillsides that can be followed across the 
dam, where this fault crosses the fault that marks the 
northern border of Kalkheia. West of Kalkheia, steep 
hillsides go NNE-SSW, which might also be fault-
controlled.  

 

 

Fig. 4: Topographic map over Kalkheia showing the fault controlled hillsides going VNV-ESE and SSV-NNE.  

Fig. 5: Photo taken north of Vintergruva where quartz has 
crystallized on the vertical walls in the fault. Probably   
slickenside structures indicating that Kalkheia has moved 
downwards and the northern side of the fault upwards. 
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3.1 The map 
When constructing the profile (Fig. 6) it is assumed that 
the granitic and amphibolitic gneisses form continuous 
layers over- and underlying the marble. As seen in the 
profile, granitic gneiss forms the uppermost layer on 
Kalkheia.  

The amphibolitic and granitic gneisses are 
modelled as continuous layers of constant thickness 
(Fig. 6). This model is of course a simplification. The 
rounded granitic gneiss areas close to the marble form 
part of the third granitic gneiss-layer from the top and 
constitute the highest points in the area. The granitic  

 

 

 

 

 

 

gneiss layer occurring above the marble is drawn as a 
continuous layer; however, its presence could not be 
verified at the point, where it should be crossed by 
the profile. This layer might be absent from the hinge 
region. South of the quarries 1 to 3, seen in Fig. 1, 
the landscape is flat covered with water and much 
vegetation; consequently, the rock boundaries in Fig. 
6 are uncertain for this part of the area.  

Contacts between the granitic and the am-
phibolitic gneisses are sharp above the marble layer, 
and in the eastern part of the studied area, also below 
this layer. To the north of the fault, it is more difficult 
to identify the boundaries. The amphibolitic gneiss 

Fig. 6: An approximate bed rock map over Kalkheia, and a profile from A to B, roughly coinciding with the fold axis. The   
eastern side of the map follows the road. The profile is drawn with parallel layers, with even thicknesses. Especially the marble 
layer has a wavy shape and is probably not as continuous as drawn. 
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seems to dominate and it is strongly migmatitic. This 
is also seen on the southern side of the fault, below 
the marble in quarry 1 and between Kongegruva and 
Langgruva (cf. Fig. 7).  

Pegmatites are abundant at Kalkheia and 
range from 10 cm up to roughly 20 meters in width, 
as can be seen in the southern part under the cliff, 
just east of the profile. They are not displayed in the 
map. At some places pegmatite is intruded immedi-
ately above the marble, like in the northern part of 
the upper Pettersgruva. In the northern part of the 
studied area, north of the faults, pegmatites make up 
all high parts of the topography. In general, where 
the topography is steep, granitic gneiss and pegmatite 
are at the top and amphibolitic gneiss might be ex-
posed at the bottom (cf. Fig. 8). 

 

3.2 Geological structures 
The foliation in Kalkheia describes a syncline, dipping 
towards the south. The poles closely fall on a great cir-
cle in the stereoplot (Fig. 9). The pole of this great circle 
is 181, 18. The syncline, defined in the major part of the 
study area, seems to be limited to the areas south of the 
faults. Some foliation measurements to the north of the 
faults seem to fit the same syncline but this is disproved 
by others, e.g. C (Fig. 1). The granitic gneiss is dipping 
SE, with the strike parallel to the path.  

In Fig. 6, the layers in the profile are drawn 
with constant thickness, which is a simplification, espe-
cially for the marble. The quarries give the impression 
that the marble layer is formed as lenses in three dimen-
sions (cf. Fig. 10). 

Fig. 7: Migmatitic amphibolitic gneiss, photo taken      
between Kongegruva and Langgruva. 

Fig. 8: Granitic gneiss above and amphibolitic gneiss be-
low, photo taken along the path west of quarry no 17. 

Fig. 9: Stereo plot of the foliation measures, cylindrical best 
fit of great circle and pole. 

Fig. 10: Quarry no 4, the marble has a lens shape parallel with 
the strike, amphibolitic gneiss above.  
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 In the quarries, the marble thins in the sides of 
the quarries and also often in the dip direction. In Upper 
Pettersgruva, where the marble is exposed on both 
sides, the marble dips downwards on both the SW and 
NE side, although the layer dips towards SW. Small 
folds with wave lengths around 10 to 20 cm are found in 
the skarn zone (cf. Fig. 11).  

3.3 Petrographic descriptions of the     
various rocks 

3.3.1 Marble 

Coarse calcite crystals, approximately 1 to 4 mm, make 
up the marble. Under the polarizing microscope, the 
calcite shows twinning, high relief and very high bire-
fringence. The calcite grains are colourless in plane 
polarized light and white, grey or black in cross polar-
ized light. They seldom show crystal faces or fractures, 
see Fig. 12. It is difficult to distinguish between calcite 

and dolomite using optical microscopy. However, 
qualitative EDS analyses confirmed that the major 
mineral of the marble is calcite. Pyroxene, most 
likely diopside, is abundant in the marble, as well as 
scapolite. These crystals are well exposed where the 
marble is weathered. The diopside consists of black 
or green prismatic crystals, while scapolite forms 
milky, yellowish prismatic crystals. Under the polar-
izing microscope, pyroxene has a subhedral shape, 
light green colour and high interference colours. Sca-
polite was not detected in the thin sections from the 
marble; however the crystals are clearly visible mac-
roscopically as seen in Fig. 13.  

Vesuvianite (idocrase) occurs in the marble in small 
quantities. As seen in Fig. 14, it is colourless with 
well developed prism faces showing the tetragonal 
symmetry and cleavage. Calcite fills the fractures. 
The sizes of the crystals are roughly 1 mm in diame-
ter.  

Fig. 11: Fold in the skarn, photo taken in Kongegruva. 

Fig. 12: Calcite crystals showing twinning in cross polarized 
light. 

Fig. 13: Photo taken in lower Pettersgruva. The black  
crystals are clinopyroxene, the white are marble and the 
grey/beige are scapolite crystals. 

Fig. 14: Photo taken in plane polarized light, vesuvianite 
crystal in the centre of the photo, brown titanites and cal-
cite. 
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3.3.2 Skarn 
The marble that is visible in the quarries contains 
large amounts of impurities, skarn minerals. These 
occur in the contact zones between the marble and 
the upper and underlying rocks, but also as single 
crystals, continuous layers, which are several metres 
in length, and boudins of various sizes, in the marble. 
Figure 15 shows a large boudin from lower Petters-
gruva.  

The skarn zone has increased contents of 
skarn minerals towards the marble and might reach 
one metre in thickness. The contact between the 
skarn and the bedrock is often transitional, although 
sometimes amphibolitic gneiss is in direct contact 
with the marble without any skarn zone. The skarn 
has a varying mineral composition; Barth (1927) 
separates the skarn into garnet, scapolite, quartz, py-
roxene and hornblende skarn.  

The contact between the country-rock amphi-
bolitic gneiss and the skarn zone is made up of horn-
blende skarn. Hornblende skarn consists of plagioclase, 
quartz, opaque minerals, titanite and hornblende. The 
amphibole seems to be more pleochroic in the skarn 
than in the amphibolitic gneiss. Among the opaque min-
erals, pyrite can be identified macroscopically. Other-
wise no studies have been made of the opaque phases; 
however, magnetite and ilmenite might occur. Titanite 
(sphene) occurs as small, rhombic crystals, about 0.2 to 
0.5 mm in size, both in the skarn and the marble. The 
colour is brown in plane polarized light and bronze in 
cross polarized light. Sometimes opaque minerals occur 
inside the titanite. As seen in Fig. 16, the hornblende 
skarn has sharp contacts towards the pyroxene skarn, 
which has only minor amounts of titanite and opaque 
minerals and no plagioclase. 

Clinopyroxenes are abundant in nearly all the 
thin sections investigated (cf. Fig. 17). The pyroxene is 
assumed to be diopside; no augite was found, though 
Barth (1925, 1928) mentions that augite is abundant in 
the skarn. Diopside is mostly green in plane polarized 
light and exhibit a subhedral shape. At many places, the 
pyroxene crystals are altered to chlorite. Fine grained 
chlorite is therefore found along crystal faces and in 
fractures. The chlorite crystals are light green, pleo-
chroic and show a low birefringence. Some small apa-
tite crystals, ~0.3 mm in diameter, were also found in 
the pyroxene skarn above the marble and in the boudins. 
The apatite crystals are colourless, with straight extinc-
tion and occur as well developed, hexagonal crystals. 
Epidote is found in small quantities in the pyroxene 
skarn. It is colourless with a high relief. In the skarn 
zone a ~10 mm thick zone of coarser grained pyroxene, 
with approximate grain size of 3 mm, forms the contact 
with the marble. 

During metamorphosis, calcite reacts with pla-
gioclase to form scapolite. The scapolite skarn is there-
fore characterized by a symplectite of scapolite and pla-

Fig. 15: Lower part of lower Pettersgruva, amphibolitic 
gneiss above and marble below. The large boudin consists 
of amphibolitic gneiss and skarn in the border towards the 
marble. 

Fig. 16: Hornblende skarn below and pyroxene skarn 
above, photo taken in plane polarized light. 

Fig. 17: Pyroxene skarn in cross polarized light.  
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gioclase with irregular, wavy borders as seen in Fig. 18. 
Tiny, rounded quartz grains may occur inside the sca-
polite crystals. Scapolite is colourless, with a low relief 
and high interference colours.  

Quartz veins occur in the marble, and quartz is 
present in most of the skarn, ranging from 1 to 30 %. 
The extinction is strongly undulating and the relief is 
low. Quartz occurs with microcline, pyroxene, altered 
pyroxene, titanite, plagioclase and opaque minerals. The 
grain size varies from 1 to 5 mm.  

The garnet skarn is easier to find in loose 
blocks in the quarries than in the walls. Garnet skarn 
contains calcite and pyroxene in small amounts. In the 
skarn zones, especially in the lower part of the Lower 
Pettersgruva, garnet crystals are abundant, ranging up to 
5 cm in diameter. Microscopic studies reveal that the 
garnet crystals generally are fractured in one direction 
with calcite filling the cracks as seen in Figs. 19 and 20. 

Small garnet crystals, around 0.2 mm, have 
well developed crystal faces. In plane polarized light 
its colour is pink. Qualitative EDS analyses pre-
formed in low vacuum on uncoated samples suggests 
that garnet is mainly grossular with minor and vary-
ing amounts of the andradite component (cf. Fig. 21). 
Garnet occurs with calcite, pyroxene, chlorite and 
opaque minerals. Quartz was found in small amounts 
in samples consisting mainly of garnet. 

Plagioclase altered to muscovite was found 
in the thin section from one boudin in the marble. 
The muscovite was colourless and with a high bire-
fringence. Plagioclase is mainly found close to the 
amphibolitic gneiss in the skarn zone and is twinned 
according to the albite law. 

3.3.3 Amphibolitic gneiss 
The amphibolitic gneiss most often directly overlies 
the marble. It consists of amphibole (hornblende), 
plagioclase and biotite. The amphibole crystals are 
elongated, up to 3 mm in length, and with a preferred 
orientation parallel to the layering. Some crystals are 

Fig. 18: Photo taken in cross polarized light. The blue crystals 
are scapolite, the grey ones are plagioclase and quartz, and the 
red and orange crystals are pyroxene. 

Fig. 19: Plane polarized light, the light pink is garnet, the 
green is pyroxene and the white is calcite. 

Fig. 20: Cross polarized light, the black is garnet, the grey 
and yellow is pyroxene and the white is calcite. 

Fig. 21: Typical composition of garnet in the skarn. 
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fractured mainly along the long axis. In plane polar-
ized light, the colour varies between dark green, light 
green and light brown. The plagioclase shows twin-
ning.  

3.3.4 Granitic gneiss 
The granitic gneiss is fine to medium grained con-
taining quartz, microcline, plagioclase and biotite. 
The biotite content is slightly varying. The colour in 
thin section is green or brown and in cross polarized 
light the interference colours vary from brown to 
light green. The microcline shows wavy extinction 
and cross-hatched twinning, the grains are roughly 1 
to 2 mm in diameter (cf. Fig. 22). 

 
3.4 Description of Pettersgruva 
As seen in Fig. 23, the amphibolitic gneiss is directly 
overlying the marble. The marble layer is normally 
varying from 0.5 to 2 metres in thickness, but in the 
uppermost part of Upper Pettersgruva, the marble 
reaches 5 metres. In the upper part of Lower Petters-
gruva, ≈ 1 to 2 metres of granite is overlying the mar-
ble. This is not included in the sketch. The shape is 
not known, but the amphibolitic gneiss is dominat-
ing, as drawn in the profile.  

The largest boudins are found in lower part 
of lower Pettersgruva (cf. Fig 15). These seem to be 
amphibolitic gneiss. Pyrite crystals can be found in 
the skarn and the amphibolitic gneiss here. In the 
marble, scapolite and clinopyroxene crystals are large 
and easy to detect (cf. Fig 13). Especially clinopyrox-
ene crystals follow the layering in the marble, and 
wherever a boudin is present, the layers curve around 
it. The skarn zone between the marble and the amphi-
bolitic gneiss is fine grained, massive, and with a 
light grey colour. In Lower Pettersgruva, this zone is 
approximately 20 cm thick. The smaller boudins 

have the same mineral content. A marble layer occurs 
immediately above the skarn layer, and the upper border 
towards the amphibolitic gneiss shows flame structures. 
A thin marble layer occurs in the amphibolitic gneiss as 
well. At some places the amphibolitic gneiss appears 
rusty. In Upper Pettersgruva there is a 1 meter thick 
homogenous layer over the marble. It is the same mas-
sive, fine grained skarn as in lower Pettersgruva. Two 
vertical fissures go through the amphibolitic gneiss, 
skarn and marble. In the uppermost part of the quarry, 
the marble seems to increase threefold in thickness.  

 
3.5 Metamorphic conditions 
The minerals present in the marble is of special interest 
because the marble is more sensitive to pressure and 
temperature than the gneiss (Falkum, 1966). Garnet, 
pyroxene and scapolite are the most common skarn 
minerals, while epidote is found in small amounts. The 
garnet is mainly grossular, with a varying amount of 
andradite. This indicates that the area has been sub-
jected to amphibolite facies metamorphism. According 
to Falkum (1966), the following reaction has taken 
place:  

2Ca2(Al, Fe)3Si3O12OH + 5CaCO3 + 3SiO2 → 3Ca3(Al, 
Fe)2Si3O12 + 5CO2 + H2O 

The oxidation of Fe is not taken into account.  

Hornblende was not found close to the marble. Between 
the hornblende skarn and the marble, a layer of pyrox-
ene skarn is present; according to Falkum (1966) a reac-
tion between calcite and hornblende has taken place: 

Ca2Mg5Si8O22(OH)2 + 3CaCO3 + 2SiO2 → 
5CaMgSi2O6 + 3CO2 + H2O 

 
 
4 Discussion 
 
 
4.1 The marble layer 
The marble layer can either be of carbonatitic or sedi-
mentary origin. Carbonatites are associated with 
strongly alkaline volcanism, which is absent from the 
study area. The sedimentary origin is the likely one, 
because metasediments are abundant both in the Bamble 
and Telemark terrane. Marble is found around Kristian-
sand and along the southern coast, together with other 
metasediments such as quartzites and graphitic schist 
(Field & Råheim, 1980). At many places, the layers 
show stratigraphic endurances, like in the antiform of 
Tveit. Deformation and metamorphism due to two oro-
genies explain why the layers are discontinuous, and 
why no original structures are preserved. Marble is not a 
common rock in southern Norway, and the carbonate 
sediments cannot have formed thick sequences. How-
ever these sediments must have been deposited over 

Fig. 22: The crystals with cross hatch twinning are micro-
cline, the rest are quartz. Taken in plane polarized light. 
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vast areas. In the small area of Kalkheia no facies 
changes should be expected; the layer must therefore 
have been continuous and with approximately the same 
thickness. There might however, have been more than 
one marble layer originally. Sommergruva and Vinter-
gruva are located at different levels, with ~3 metres of 
gneiss/skarn between them. This might be two separate 
layers, or it might be a repetition due to deformation. 
These two occurrencies roughly coincide with the fold 
axis. If marble had imigrated to the fold hinge, one 
would expect the layer to increase in thickness, not to 
create two separate layers. Between Vintergruva and 
quarry 4, there is no marble and neither between Lang-

gruva and Kongegruva (see Figs. 1 and 6). Either the 
marble thins and disappears completely in the areas 
where it has not been found, or the layer is totally 
hidden by quaternary drift. As seen in upper part of 
Pettersgruva, the layer varies in thickness.  

The amphibolitic gneiss can have been ba-
salt that has floated out on the ocean floor. In this 
case the layers would originally have been approxi-
mately horizontal, and the amphibolitic gneiss would, 
at least before the deformation, have formed a con-
tinuous layer above the marble. The ampibolitic 
gneiss might however, be an intrusive rock, gabbro 

Fig. 23: Sketch of the exposed marble and overlying rock in upper and lower Pettersgruva. The white areas above and below are 
covered with quaternary material. 
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or diabase. Limestone with high amounts of impuri-
ties might also, during metamorphism, alter to am-
phibolite. Granite always have an intrusive origin, 
however immature sandstone with quartz and feld-
spars, can after metamorphism give rock resembling 
granite, the same might be true for a rhyolitic lava. 
The layers in Kalkheia might have been volcanic 
material, shifting from rhyolitic to basic lava. This 
hypothesis would fit the map, assuming that the lay-
ers are roughly parallel to each other. Granitic intru-
sions that follow the layering of the amphibolite 
could be another possibility.  

The plot of the foliation measurements (Fig. 
9) at Kalkheia might form part of a great circle, 
which indicates a cylindrical fold. Another possibil-
ity is that the plotted points are part of a small circle 
and that the rocks have been folded several times. 
Falkum (1966) mentions a second deformation phase 
of the Tveit antiform, connected with granite and 
pegmatite intrusions. From the present data, Kalkheia 
seems to be a syncline, a parasite fold on the western 
limb of the larger fold at Tveit. 

 

4.2 The faults  
Whether there has been vertical movements 

or not along these fracture zones, is not known. The 
migmatite found under the marble in the western part 
of Kalkheia is similar to the migmatite on the north-
ern side of the fault. Therefore it is more likely that 
the northern side has moved upwards. The quartz 
layer found north of Vintergruva indicates that the 
southern side, Kalkheia, has move downwards and 
the northern side upwards. This is however very 
speculative. 

 
 
 
5 Conclusions 
 
• In general, Kalkheia consists of granitic gneiss, 

amphibolitic gneiss, pegmatite and marble. The 
layers of amphibolitic and granitic gneiss vary 
from half a metre to several tens of metres in 
thickness. 

• The marble lenses in Kalkheia represent a more or 
less continuous layer, folded to a synclinal around 
an axis 181, 18°. 

• The marble is overlain by an amphibolitic layer. 

• A WNW-ESE fault forms the northern boundary 
of Kalkheia. 

• Below the marble and on the northern side of the 
thrust, the rock is more migmatitic with a higher 

amount of amphibolitic gneiss, than above. 

• Pegmatite ranging in size from 10 cm to 20 metres is 
abundant; it is uncertain weather they follow the lay-
ering. 

 
 
 
6 Acknowledgements 
 
 
 
Ole Fridtjof Frigstad introduced the idea to the paper, 
found literature and supervised the fieldwork. A warm 
thanks to him and to Agder naturmuseum og botaniske 
hage for all the help received. Prof. Anders Lindh super-
vised the microscopy and the paper. Large thanks to 
him for always being available for questions and care-
fully reading corrections again and again.  

 
 
 
7 References 
 
Barth, T. F. W. 1925: On contact minerals from pre-

cambrian limestones in southern Norway. Norsk 
Geologisk Tidsskrift, 8: 93-114. 

Barth, T. F. W. 1927: Über kali- und wasserhaltige Ska-
polithe. Centralblatt, 3: 82-88.. 

Barth, T. F. W. 1928: Kalk- und Skarngesteine im Urge-
birge bei Kristiansand. Neuen Jahrbuch für Minera-
logie und Paleontologie 57: 1069-1108.. 

Bingen, B., Birkeland, A., Nordgulen, Ø., & Sigmond, 
E. M. O. 2001: Correlation of supracrustal se-
quences and origin of terranes in the Sveconorwe-
gian orogen of SW Scandinavia: SIMS data on zir-
con in clastic metasediments. Precambrian Research, 
108: 293-318.. 

Bingen, B., Nordgulen, Ø., Sigmond, E. M. O., Tucker, 
R., Mansfeld, J. & Högdahl, K. 2003: Relations be-
tween 1.19-1.13 Ga continental magmatism, sedi-
mentation and metamorphism, Sweconorwegian 
province, S Norway. Precambrian Research, 124: 
215-241.. 

Falkum, T. 1966: Geological investigations in the Pre-
cambrian of southern Norway 1. The complex of 
metasediments and migmatites at Tveit, Kristian-
sand. Norsk Geologisk Tidsskrift 46: 85-110.. 

Falkum, T. 1969: Geological investigations in the Pre-



 

15 

cambrian of southern Norway 2. Geology of the is-
land Kinn in the Kristiansand Skaergaard. Norges 
Geologiske Undersøkelse 258:185-227... 

Falkum, T. 1985: En model for den geologiske utvik-
lingen is syd-Skandinavia. Sørlandets Geologiforen-
ing, 15 års jubileumshefte, 22-27.. 

Field, D. & Råheim, A. 1981: Age relationships in the 
proterozoic high-grade gneiss regions of southern 
Norway. Precambrian Research, 14: 261-275.. 

Frigstad, O. F. 1996: Geologiske severdigheter i Kristi-
ansand. Agder naturmuseum og botaniske hage, 
Årbok 1994 & 1995, 17-48. 

Henderson, I. H. C. & Ihlen, P. M. 2004: Emplacement 
of polygeneration pegmatites in  relation to Sveco-
Norwegian contrational tectonics: examples from 
southern Norway. Precambrian Research, 133: 207-
222.. 

Schnell, U. A. S. 1993: En petrologisk, geokemisk og 
geokronologisk undersøgelse af det proterozoiske 
gnejsområde omkring Kristiansand, Sydnorge. Geo-
logisk Institut, afdelingen for Endogen Geologi. Aar-
hus Universitet.. 

 

 



Tidigare skrifter i serien
”Examensarbeten i Geologi vid Lunds
Universitet”:

184. Larsson, Peter, 2005: Palynofacies och
mineralogi över krita-paleogengränsen vid
Stevns Klint och Kjølby Gaard, Danmark.

185. Åberg, Lina, 2005: Metamorphic study of
metasediment from the Kangilinaaq
Peninsula,  West Greenland.

186. Sidgren, Ann-Sofie, 2005: 40Ar/39Ar-
geokronologi i det Rinkiska bältet, västra
Grönland.

187. Gustavsson, Lena, 2005: The Late Silurian
Lau Event and brachiopods from Gotland,
Sweden.

188. Nilsson, Eva K., 2005: Extinctions and
faunal turnovers of early vertebrates
during the Late Silurian Lau Event, Gotland,
Sweden.

189. Czarniecka, Ursula, 2005: Investigations
of infiltration basins at the Vomb Water
Plant – a study of possible causes of
reduced infiltration capacity.

190. G³owacka, Ma³gorzata, 2005: Soil and
groundwater contamination with gasoline
and diesel oil. Assessment of subsurface
hydrocarbon contamination resulting from
a fuel release from an underground storage
tank in Vanstad, Skåne, Sweden.

191. Wennerberg, Hans, 2005: A study of early
Holocene climate changes in Småland,
Sweden, with focus on the ‘8.2 kyr event’.

192. Nolvi, Maria & Thorelli, Gunilla, 2006:
Extraterrestrisk och terrestrisk kromrik
spinell i  fanerozoiska kondenserade
sediment.

193. Nilsson, Andreas, 2006: Palaeomagnetic
secular variations in the varved sediments
of Lake Goœci¹¿, Poland: testing the
stability of the natural remanent magneti-
zation and validity of relative palaeo-
intensity estimates.

194. Nilsson, Anders, 2006: Limnological
responses to late Holocene permafrost
dynamics at the Stordalen mire, Abisko,
northern Sweden.

195. Nilsson, Susanne, 2006: Sedimentary facies
and fauna of the Late Silurian Bjärsjö-
lagård Limestone Member (Klinta
Formation), Skåne, Sweden.

196. Sköld, Eva, 2006: Kulturlandskapets föränd-
ringar inom röjningsröseområdet Yttra

Berg, Halland - en pollenanalytisk under-
sökning av de senaste 5000 åren.

197. Göransson, Ammy, 2006: Lokala miljö-
förändringar i samband med en plötslig
havsyteförändring ca 8200 år före nutid
vid Kalvöviken i centrala Blekinge.

198. Brunzell, Anna, 2006: Geofysiska mät-
ningar och visualisering för bedömning
av heterogeniteters utbredning i en isälvs-
avlagring med betydelse för grundvatten-
flöde.

199. Erlfeldt, Åsa, 2006: Brachiopod faunal
dynamics during the Silurian Ireviken Event,
Gotland, Sweden.

200. Vollert, Victoria, 2006: Petrografisk och
geokemisk karaktärisering av metabasiter
i Herrestadsområdet, Småland.

201. Rasmussen, Karin, 2006: En provenans-
studie av Kågerödformationen i NV Skåne
– tungmineral och petrografi.

202. Karlsson, Jonnina, P., 2006: An
investigation of the Felsic Ramiane Pluton,
in the Monapo Structure, Northern
Moçambique.

203. Jansson, Ida-Maria, 2006: An Early Jurassic
conifer-dominated assemblage of the
Clarence-Moreton Basin, eastern
Australia.

204. Striberger, Johan, 2006: En lito- och bio-
stratigrafisk studie av senglaciala sediment
från Skuremåla, Blekinge.

205. Bergelin, Ingemar, 2006: 40Ar/39Ar geo-
chronology of basalts in Scania, S Sweden:
evidence for two pulses at 191-178 Ma
and 110 Ma, and their relation to the break-
up of Pangea.

206. Edvarssson, Johannes, 2006: Dendro-
kronologisk undersökning av tallbestånds
etablering, tillväxtdynamik och degene-
rering orsakat av klimatrelaterade hydro-
logiska variationer på Viss mosse och
Åbuamossen, Skåne, södra Sverige, 7300-
3200 cal. BP.

207. Stenfeldt, Fredrik, 2006: Litostratigrafiska
studier av en platåformad sand- och grus-
avlagring i Skuremåla, Blekinge.

208. Dahlenborg, Lars, 2007: A Rock Magnetic
Study of the Åkerberg Gold Deposit,
Northern Sweden.

209. Olsson, Johan, 2007: Två svekofenniska
graniter i Bottniska bassängen; utbredning,
U-Pb zirkondatering och test av olika
abrasionstekniker.



Geologiska institutionen
Gentrum för GeoBiosfärsvetenskap

Sölvegatan 12, 223 62 Lund

210. Erlandsson, Maria, 2007: Den geologiska
utvecklingen av västra  Hamrångesyn-
klinalens suprakrustalbergarter, centrala
Sverige.

211. Nilsson, Pernilla, 2007: Kvidingedeltat –
bildningsprocesser och arkitektonisk
uppbyggnadsmodell av ett glacifluvialt
Gilbertdelta.

212. Ellingsgaard, Óluva, 2007: Evaluation of
wireline well logs from the borehole
Kyrkheddinge-4 by comparsion to
measured core data.

213. Åkerman, Jonas, 2007. Borrkärnekartering
av en Zn-Ag-Pb-mineralisering vid Sten-
brånet, Västerbotten.

214. Kurlovich, Dzmitry, 2007: The Polotsk-
Kurzeme and the Småland-Blekinge Defor-
mation Zones of the East European Craton:
geomorphology, architecture of the
sedimentary cover and the crystalline
basement.

215. Mikkelsen, Angelica, 2007: Relationer
mellan grundvattenmagasin och
geologiska strukturer i samband med
tunnelborrning genom Hallandsås, Skåne.

216. Trondman, Anna-Kari, 2007: Stratigraphic
studies of a Holocene sequence from
Taniente Palet bog, Isla de los Estados,
South America.

217. Månsson, Carl-Henrik & Siikanen, Jonas,
2007: Measuring techniques of Induced
Polarization regarding data quality with
an application on a test-site in Aarhus,
Denmark and the tunnel construction at
the Hallandsås Horst, Sweden.

218. Ohlsson, Erika, 2007: Classification of
stony meteorites from north-west Africa
and the Dhofar desert region in Oman.

219. Åkesson, Maria, 2008: Mud volcanoes -
a review. (15 hskp)

220. Randsalu, Linda, 2008: Holocene relative
sea-level changes in the Tasiusaq area,
southern Greenland, with focus on the Ta1
and Ta3 basins. (30 hskp)

221. Fredh, Daniel, 2008: Holocene relative sea-
level changes in the Tasiusaq area,

southern Greenland, with focus on the
Ta4 basin. (30 hskp)

222. Anjar, Johanna, 2008: A sedimentological
and stratigraphical study of Weichselian
sediments in the Tvärkroken gravel pit,
Idre, west-central Sweden. (30 hskp)

223. Stefanowicz, Sissa, 2008: Palyno-
stratigraphy and palaeoclimatic analysis
of the Lower - Middle Jurassic (Pliens-
bachian - Bathonian) of the Inner
Hebrides, NW Scotland. (15 hskp)

224. Holm, Sanna, 2008: Variations in impactor
flux to the Moon and Earth after 3.85 Ga.
(15 hskp)

225. Bjärnborg, Karolina, 2008: Internal
structures in detrital zircons from
Hamrånge:  a study of cathodolumine-
scence and back-scattered electron images.
(15 hskp)

226. Noresten, Barbro, 2008: A reconstruction
of subglacial processes based on a
classification of erosional forms at
Ramsvikslandet, SW Sweden. (30 hskp)

227. Mehlqvist, Kristina, 2008: En mellanjuras-
sisk flora från Bagå-formationen, Bornholm.
(15 hskp)

228. Lindvall, Hanna, 2008: Kortvariga effekter
av tefranedfall i lakustrin och terrestrisk
miljö. (15 hskp)

229. Löfroth, Elin, 2008: Are solar activity and
cosmic rays important factors behind
climate change? (15 hskp)

230. Damberg, Lisa, 2008:  Pyrit som källa för
spårämnen – kalkstenar från övre och
mellersta Danien, Skåne. (15 hskp)

331. Cegrell, Miriam & Mårtensson, Jimmy,
2008: Resistivity and IP measurements at
the Bolmen Tunnel and Ådalsbanan,
Sweden. (30 hskp)

232. Vang, Ina, 2008: Skarn minerals and
geological structures at Kalkheia,
Kristiansand, southern Norway. (15 hskp)


