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Within a relative small area the Sunnhordland 
Geopark display crust-forming processes and 
crustal rock complexes that formed during 
several major continent building periods in Earth’s 
history. An oceanic terrain that nucleated 500 
million years ago in an island arc environment, 
is here juxtaposed against a Precambrian 
terrain that 500 million years before formed by 
continental arc type magmatism.  This geology 
is exceptionally well exposed in spectacular and 

contrasting landscapes that were shaped by 
glaciers. The Geopark spans from the harsh 
environments of the glaciated mountains and the 
wave-washed skerries - to rich boreal rain forests. 
The varied geology and the quality of many of the 
exposures in this extraordinary landscape, make 
this Territory into a lecture book about the making 
and shaping of continents and our use of the land 
since the Stone Age.

PREFACE

THE SUNNHORDLAND GEOPARK
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Two of the largest orogenic belts on Earth comes 
together and are exposed within the Territory. 
South of the Hardanger Fjord the area is composed 
of large granitic to gabbroic plutons that formed 
in the Mesoproterozoic Era (1600-1000 Ma). This 
represents a part of the Scandinavian branch of 
the Grenville orogenic belt that extends across 
the globe from Antarctica, through America, to 
Western Europe and Scandinavia. The Grenville 
orogeny was a long-lived mountain-building 
event associated with the assembly of an ancient 
supercontinent called Rodinia. It represents a 
major continent crust building phase that largely 
took place along volcanic arcs that developed at 
convergent plate margins 1 . The Pacific margin 
of South America and the Andes Mountain range 
represent a modern example of such a continent 
forming environment. Whereas the modern 
examples display the surface and the shallow 
crustal parts of this crust-building environment, 
the ancient examples typically display the deeper 
parts, and the territory of the Geopark is a prime 
example of this. Here, a gneissic terrain show how 
the oldest part of the Territory was built around 
1500 Ma, and how a belt of granitic plutons that 
formed during the Grenville orogeny continued to 
build the deep crustal parts of the continent by 
protracted formation of igneous rocks 112.

The Territory north of the Hardanger Fjord 
is composed of rock complexes that formed 
during the Caledonian orogeny that occurred 
approximately 500-600 million years after the 

1 Rivers, T. (1997). Lithotectonic elements of the Grenville Province: review and tectonic implications. Precambrian Re-
search, 86(3-4), 117-154. 

Grenville orogeny ended. This younger part 
of the territory is composed of remnants of 
oceanic crust, submarine and sub-aerial volcanic 
sequences, and a large granitic intrusive 
complex. Whereas the older terrain appears to 
have developed within a continental volcanic 
arc, this younger terrain formed at an island 
arc setting within the ancient Iapetus Ocean 88. 
These remnants of island arc crust are a part of a 
5000 km long belt of arc-ophiolites that stretches 
throughout the Caledonian-Appalachian orogen 
from Northern Norway, through Britain and 
Ireland, to the eastern North America 87. It has 
been well documented how this ancient island arc 
system started to develop in the late Cambrian 
for then to collide with the Laurentian continental 
margin after approximately twenty million years 
of arc-crust formation 87,90. The accretion of this 
extensive arc system to the continental margin 
represents an important example of growth by 
arc-continent collision. This varied geology and 
the quality of many of the exposures in this 
extraordinary landscape, do indeed make this 
Geopark into a lecture book about the making of 
continents.

The Geology of the Proterozoic Continental 
Terrain

South of the Hardangerfjord the Territory consist 
predominantly of crystalline basement rocks of 
Precambrian age. The terrain formed during two 
major crust forming events. The oldest of these 
events occurred early in the Mesoproterozoic 

 TERRITORY
The presentation of the territory is separated in three issues; 

1) The bedrock of the territory - and the making of Continents 
2) The Emergence of today’s Landscape  
3) Geological Resources through deep time.  

1 THE BEDROCKS OF THE TERRITORY - AND THE MAKING OF CONTINENTS

E. VERIFICATION OF UNESCO GG-CRITERIA
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Era, and the rock complexes that formed at 
this time have partly the character of a gneissic 
terrain that locally exhibits recognizable volcanic 
rocks and sedimentary rocks, and partly of large 
gabbroic and granitic intrusions 101,129. U–Pb 
zircon geochronology and isotope data show that 
the magmatism and crust formation in the area 
occurred over a time span of 40 million years 
(1521 to 1485 Ma) and that the Mesoproterozoic 
crust formed from mantle-derived magmas 
that interacted with altered oceanic crust and 
continent-derived sediments. The oldest rock 
complex of the Territory accordingly formed 
from a phase of Mesoproterozoic continental 
arc magmatism (the Suldal arc magmatism) that 
resulted in significant crustal growth along the 
margin of the Baltic shield at this time 101.

In the late Proterozoic a phase of renewed 
continental growth occurred along the Baltic 
margin. This growth zone, known as the Sirdal 
Magmatic Belt, forms a ~50 km wide and more 
than 150 km long belt that extends from the 
southern tip of Norway to the Hardangerfjord 
- where it disappears under the Caledonian 
Nappes. The Sirdal Magmatic Belt is composed of 
ca. 1070–1020 Ma calc-alkaline granite batholiths 
that have been interpreted to have formed in a 
continental arc setting 29,111. Magmatism in the 
Sirdal Magmatic Belt ceased ca. 1020 Ma, and 
was succeeded by widespread, long-lived granitic 
and bimodal magmatism between ca. 990 and 
920 Ma 111. 

In the Territory these two crust forming phases 
gave rise to gneisses and plutonic complexes 
that are excellently exposed along the fjords and 
in the mountainous areas of the Territory. The 
variation in rock types, the size and architecture of 
individual plutons, the number of plutonic bodies, 
and the age range of the rocks that make up 
this terrain, provide insight into how continental 
crust gradually form by intermittent intrusion and 
crystallization of magmas.
 
The Geology of the Early Palaeozoic Oceanic 
Terrain 

The territory to the north of the Hardanger Fjord 
is made up of a range of volcanic, intrusive, and 
sedimentary rocks that formed by a series of 
crust building events that lasted 50 million years 
from the late Cambrian to the early Silurian. The 

geology of the terrain records five major crust 
building events: 1) the formation of juvenile 
oceanic arc crust by island arc magmatism; 2) the 
collision of this island arc with continental margin; 
3) a phase of renewed volcanism and magmatism 
at an active continental margin; 4) marginal basin 
development; 5) continent-continent-collision and 
the final development of the Caledonian orogen.

Development of Oceanic Crust in an ancient 
Island Arc Environment

Ophiolite complexes make up the oldest part of 
the oceanic terrain. A coherent section of mantle 
peridotites is missing, but mantle lithologies are 
present in numerous lentoid bodies that crop 
out along tectonic boundaries. In general, these 
bodies are serpentinised and carbonatised and 
have partly been transformed to soapstone that 
has been quarried since the Middle Ages. At 
some outcrops, the primary tectonic mantle 
fabric is still well preserved, and together with 
cross cutting dunite bodies and chromite pods 
they visualize the interplay between tectonic and 
magmatic processes that occurs in the mantle 
below spreading centres.

The lower crustal section is well exposed along 
the western coastline of Bømlo. Here gabbro 
and peridotite are interlayered, and rhythmically 
layered gabbro grades up section into isotropic 
gabbro and plagiogranite, and then into a dyke 
complex that represent the tabular feeder channels 
to the volcanic sequence. Pillow flows, sheet flows 
and volcanic breccia demonstrate the range of 
volcanic products that form at the seafloor when 
1200 0C magma meets cold seawater.

Associated with this ophiolite complex is a 
mixed extrusive and sedimentary sequence with 
volcanic rocks ranging from basaltic to dacitic 
compositions 23,82. The volcanic sequence has 
a U-Pb zircon age of 494 Ma 30, and this late 
Cambrian age overlaps with the age of other 
Caledonian ophiolite complexes. The sequence 
has a distinct immature island arc geochemical 
signature 82,87, implying that the formation of 
oceanic crust somehow was related to an oceanic 
arc environment. Similar arc-ophiolites have 
been documented throughout the Caledonian-
Appalachian orogenic belt. At the westernmost 
islets of the territory this type of geology is well 
exposed and preserved. 



Annex 2 Geological Description

12

1. 495 Ma: Formation of an immature island 
arc (Geitung Unit) on top of volcanic seaflo-
or (Lykling Ophiolite)

2. 475 Ma: The oceanic terrane collides with 
the Laurentian margin forming a small 
orogenic belt. Melting of sediments form 
S-type granites and migmatites (Bremnes 
Migmatite Complex)

3. 460 Ma: The orogenic belt has collapsed 
and lead to rifting and formation of a margi-
nal basin. Formation of rift-related sub-ae-
rial volcanic rocks (Siggjo Complex) and 
deposition of marine sediments (Vikafjord 
Group). 

4. 440 Ma: Further closing of the Iapetus Oce-
an while depositing sediments in various 
basins. Last pre-collision magmatism. 

5. 410 Ma: Continent-continent collision 
between Laurentia and Baltica forming the 
Caledonian Orogeny. Stacking of nappes 
onto Baltica while the leading edge of the 
continent is subducted beneath Laurentia

Pillow lava at Helgeneset, Reusch 1888.

 495 Ma old pillow lava from Iapetus Sea, now on Helgeneset, Sunnhordland.
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Several aspects of arc-ophiolites have been 
enigmatic. The Izu-Bonin-Mariana arc in the 
Western Pacific represent a modern analogue 
to the environment that formed many arc-
ophiolites - including the ophiolitic terrain of the 
territory 88. Deep drilling into the Mariana fore-
arc has recently documented that there was an 
initial phase of seafloor spreading just after the 
subduction zone was established 2 . This led 
to formation of juvenile oceanic crust on which 
island arc volcanic centres developed, and 
into which granitic plutons intruded.  The same 
relationships are well displayed in the ophiolitic 
terrain exposed in territory. But here, this first 
stage of arc-crust development can be studied 
without a drill ship - just simply by using a pair of 
hiking boots, or a small boat that will take visitors 
to coastal exposures that truly are windows into 
the initial stages in the forming of island arcs and 
continents.

Numerous sulphide mineralisations are asso-
ciated with this ophiolite complex. Historical 
records from 1856 show that 306 sulphide 
findings were registered on the islands of Bømlo 
and Stord in a single year. The mining boom in 
the second half of the 19th century also led to the 
first comprehensive mapping and description of 
the geology of the area 96. At that time there were 
no knowledge as to where and how these and 
other volcanic massive sulphide deposits formed. 
Today we know that they formed by hydrothermal 
activity in the deep of the ancient Iapetus Ocean, 
and that similar deposits today form at oceanic 
spreading centres and within island arcs systems. 
Both the ancient volcanic massive sulphide 
deposits of the Geopark, and their modern 
counterparts in the Norwegian Sea have been 
studied extensively by University of Bergen. By 
using the modern hydrothermal systems to cast 
light on the ancient mineral deposits.

Arc-continent collision and the melting of 
continental margin sediments

Twenty million years after the immature arc crust 
started to form at an intra-oceanic island arc, the 
oceanic terrain had become uplifted, deformed 
and eroded 23,90. The uplift and deformation 

2  Reagan, M. K., Pearce, J. A., Petronotis, K., Almeev, R. R., Avery, A. J., Carvallo, C., ... & Whattam, S. A. (2017). 
Subduction initiation and ophiolite crust: new insights from IODP drilling. International Geology Review, 59(11), 1439-
1450 

coincides with the amalgamation of the oceanic 
terrain with continental shelf sediments and 
S-type granitic complexes. Together this signals 
a mountain building event that was caused by 
the collision of the island arc with a continental 
margin, and a 475-million-year age of the S-type 
granites 87,113 is presently our best age estimate 
of this arc-continent collision event.

The S-type granites have a composition like 
an average shale, and they are also loaded 
with a range of sedimentary xenolith that have 
undergone variably degree of melting 113. 
The S-type granitoids therefore illustrate how 
sediments that formed by the weathering of 
older igneous rocks were re-melted to form new 
igneous rocks, and they tell the story of large-
scale recycling of rocks on Earth. 

These granites tell also another fascinating story: 
Whereas the rims of the zircons grew when the 
granites crystalized (475 Ma), the cores yield 
the age of the detrital zircons of the sedimentary 
source rocks. The dating of several thousand 
zircons from this rock complex show that cores 
of these crystals are unusually old 34,113. A large 
fraction of them is of Archean age (older than 
2.5 billion years), and some are almost 4 billion 
years and their age approach that of the oldest 
rocks on Earth. Crustal rocks of this age are not 
present within the Baltic Shield where these rocks 
are resting today. But in Scotland, 500 km to the 
west of the territory, the Cambrian-Ordovician 
marine sequences that formed the shelf of the 
North American Shield, show the same zircon 
provenance signatures 90,113. Together with fossil 
faunal evidence, this demonstrates that the arc-
ophiolite was accreted to the margin of the North 
American Shield in the Early Ordovician 90. This 
arc-continent event is recorded throughout most 
of the length of the Caledonian-Appalachian 
orogenic belt, and this event represents a 
remarkable example of how continents grow by 
the collision of young island arcs to continental 
margins.
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Renewed formation of crust by continental 
margin volcanism

A series of crust-building events took place 
within ten million years after the oceanic terrain 
had been accreted to the continental margin: 
A thick sequence of sub-aerial volcanic rocks 
was deposited on the uplifted and eroded 
ophiolite complex23,81; a large intrusive complex 
crystallised to form the deeper parts of the new 
crust9,10; and a sedimentary sequence was 
deposited as the terrain subsided and probably 
developed into a marginal basin 119,126.

The sub-aerial volcanic activity resulted in the 
formation of a km-thick succession of basaltic, 
andesitic, and rhyolitic lavas and pyroclastic 
deposits 23,81. Like the immature island arc 
sequence that formed twenty million years in 
advance, this volcanic succession is well exposed 
along shorelines and islets where a range of rock 
types and volcanic processes can be seen. Here 
visitors can study a km-thick stack of massive 
and auto-brecciated lava flows, intercalated ash 
layers, ignimbrites, and other types of pyroclastic 
deposits. 

A quality of the Geopark territory is that both the 
volcanic and the plutonic parts of this magmatic 
complex are well preserved and exposed. At the 
same time as lavas, ash and pyroclastic erupted 
at the surface at around 473 Ma, a large gabbroic 
intrusive complex crystallized at mid-crustal levels 
87. This was followed by the formation of granitic 
batholiths composed by numerous plutons and 
smaller rock bodies. This major crust-building 
phase lasted at least five million years. Large syn-
magmatic shear zones formed at the same time 
9, and these structures may reflect a phase of 
regional extension that led to subsidence and the 
formation of a marginal basin.

These intrusive complexes cover an area of 
more than 1000 km2 of the archipelago, and are 
displayed at many world-class exposures. For a 
non-geologist, granitic dyke swarms can easily 
be distinguished. Numerous granite pegmatites 
with huge crystals represent an almost self-
explaining introduction into the world of minerals. 
For elementary geology training, the area is used 
to demonstrate a variety of igneous rocks, and to 
exemplify how relative ages are established. At 

a more advanced level this part of the Territory 
is used as an introduction to magmatic and 
metamorphic processes: like the differentiation of 
magma, migmatisation, assimilation, and magma 
transport. The wide range of crust building 
processes and events that are displayed do also 
introduce students and visitors to the frontiers of 
these geosciences.

The rocks that formed during this stage have been 
widely used by society. Andesitic and rhyolitic 
volcanic rocks, as well as the deep marine cherts, 
were quarried in the Stone Age. The carbonates 
and marbles of the sedimentary sequence have 
been utilised for lime mortar and building blocks 
since the Middle Ages. Also, the deeper crustal 
rocks have been exploited. At many localities, 
the granitic complexes have been quarried for 
building blocks, and gold-bearing epithermal 
quartz veins were mined during a local goldrush 
in the late nineteenth century.

The closing of the Iapetus Ocean 

The sub-aerial volcanic succession is overlain 
by a marine sedimentary sequence that grades 
from shallow marine conglomerates, sandstones, 
and carbonates, to deep marine shales/phyllites 
and radiolarian chert. Submarine lavas and 
volcaniclastic deposits occur together with this 
sedimentary sequence. Overall, this stage reveals 
that arc-continent collision and continental 
margin volcanism were followed by subsidence 
and the formation of a marginal basin during the 
closing stage of the Iapetus Ocean. 

A tectonic disturbance in the Late Ordovician 
signals the final closure of the Iapetus Ocean 
and the imminent continent-continent collision. 
A sequence of a shallow marine fossiliferous 
limestone and graptolitic shales was then 
deposited unconformably on the deformed 
rock complexes of the oceanic terrain 123. The 
fossiliferous beds are overlain by 1000 m thick 
sequence of conglomerates with boulders of 
cherts, greywackes, greenstones, and granitic 
rocks 51. Similar sedimentary sequences overlay 
the deformed and uplifted oceanic terrain at 
several areas in the Scandian Caledonides 121,123. 
Together, these define a regional Late Ordovician 
unconformity that marks the onset of the final 
collision.
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An interesting side-track is the fact that these 
fossiliferous limestones formed during the 
Hirnantian stage that marks the end of the 
Ordovician. The stage lasted for 1.4 million 
years during which the second largest mass 
extinction occurred. The Hirnantian extinction 
seems to have been caused by glaciation and 
lowering of sea-level, and by a global oceanic 
anoxic event that extended into the Early Silurian, 
when the graptolitic black shales that overly the 
limestones were deposited 3 . The composition of 
Hirnantian sedimentary sequences also signals 
that the extinction may have been triggered by 
volcanic activity 4 .  This ad a wider perspective 
to fossiliferous units that were studied more than 
hundred years ago to clarify the stratigraphy 
of the area. Although it is unlikely that these 
metamorphosed strata can add significantly 
to the current knowledge about the Hirnantian 
extinction, they do set a stage for outreach 
about Earth-Life interactions, and how volcanism, 
mountain building, glaciations, oceans and 
climates are linked in a complex system that 
effect life on Earth.

Collision of continents and mountain building

The geology of the territory is also shaped by 
large-scale tectonic events connected to the 
closing of the Iapetus Ocean and the collision 
of continents. The continent-continent collision 
resulted in the subduction of the Baltic margin 
deep below the leading edge of Laurentia 11, 
and eastward thrusting of a thick nappe stack 
onto the Baltic margin that contained fragments 
of Baltica and remnants of the Oceanic Terrain 
and the Laurentian margin 13. This Mid to Late 
Silurian contractional phase was followed by 
orogenic collapse, gravitational backsliding, and 
the development of large-scale extensional shear 
zones in the Devonian 38,40.

Also, this last stage resulted in the formation of 
rocks that have been, and still are, a resource 
for the society. A thick sequence of mica schists 
that formed along has for centuries been used 

3 Brenchley, P. J., Carden, G. A., Hints, L., Kaljo, D., Marshall, J. D., Martma, T., ... & Nõlvak, J. (2003). High-resolution 
stable isotope stratigraphy of Upper Ordovician sequences: constraints on the timing of bioevents and environmental  
4 Jones, D. S., Martini, A. M., Fike, D. A., & Kaiho, K. (2017). A volcanic trigger for the Late Ordovician mass extinction? 
Mercury data from south China and Laurentia. Geology, 45(7), 631-634. 

for shist roofing. Today the associated mylonites 
are extensively quarried for stone blocks for 
retaining- and building walls.

Both the contractional and the extensional phases 
have made marked imprints on the geology of 
the Territory. The lower part of the Caledonian 
nappe stack is exposed in the mountainous 
areas of the Etne municipality located south of 
the Hardangerfjord. Here nappes composed of 
Precambrian crystalline basement rocks overly 
Cambro-Ordovician shaly shelf deposits that 
acted as a gliding plane for the eastward thrusting 
of the Nappes during the contractional phase 13.

The orogenic collapse also resulted in 
the formation of large shear zones. The 
Hardangervidda Shear Zone represents a 
more than 600 km long low-angle extensional 
structure with a total maximum displacement in 
the order of 10-15 km 40. This structure divides 
the geology of the Territory in two. North of the 
shear-zone and the fjord, the nappe-stack and 
the Precambrian basement were down-faulted 
several kilometres, and the oceanic terrain that 
form the upper nappe thereby became shielded 
from erosion. South of the fjord, however, the 
upper nappe was gradually eroded away, and 
after the last glaciation the erosion reached the 
level of the lower nappes, the shelf deposits and 
the Precambrian crystalline basement. 

As a result of this orogenic collapse, the 
oceanic terrain that nucleated within an island 
arc environments 500 million years ago, was 
juxtaposed against a Precambrian terrain that 
formed by continental arc type magmatism during 
two major crust building periods. Within a relative 
small area, the Territory therefore display the 
main crust-forming processes and crustal rock 
complexes that form continents.
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The landscape in the Geopark region was formed 
during the Quaternary period and is largely 
a result of repeated glaciations 5, 128. Typical 
glacial landforms such as deeply incised cirques 
and u-shaped valleys, and many deepened 
bedrock basins that are today lakes or bogs are 
present throughout the park. The Scandinavian 
Ice Sheet and more localized glaciers have 
eroded deep into the bedrock and reshaped the 
pre-glacial landscape 59,60. The low-lying area 
around the mouth of the Hardangerfjord, is part 
of the Norwegian strandflat 94,61 with a rugged 
and uneven coastline. A myriad of islands and 
inlets form a scenic archipelago. Farther inland, 
around the present-day ice cap Folgefonna, 
is a spectacular alpine mountain landscape. 
Throughout the Geopark area there is only a thin 
and patchy veneer of sediments, mostly glacial 
tills and at places some marine sediments. 
However, during the retreat of the last ice sheet, 

some pockets of thicker deposits were formed, 
including prominent moraines and glaciomarine 
deltas in the inner fjords135,75. These are green 
oases that have provided a better basis for 
agriculture than in an otherwise barren rocky 
landscape. 

The Caledonian mountain range erodes and 
becomes a lowland area.

The Geopark is located in the root zone of the 
former Caledonian mountain range that was 
formed when the plates of the ancient North 
American and Baltic continents collided some 
400 million years ago. This mighty mountain 
range was similar in size to the present Himalaya 
Mountain range and is believed to have been 
more than 8-10,000 meters high. There is nothing 
left of the original mountain landscape from this 
era today, but peneplanation and younger uplift 
episodes gave the landscape in this area its 

The Halsnøy moraine. Folgefonna glacier behind. Photo: Jan Rabben

THE EMERGENCE OF TODAY’S LANDSCAPE – A LONG PROCESS THAT HAS 
TAKEN 400 MILLION YEARS



Annex 2 Geological Description

17

current design long before the Quaternary Ice 
ages set in. Erosion products from over 400 
million years are deeply buried in the sediment 
formations that accumulated in the North Sea.  
These can be studied in offshore sediment cores 
and seismic profiles. Finds of ancient weathering 
horizons on the strandflat 44,27 and fragments of 
Jurassic sediments in a narrow fault zone just 
west of Bergen 43 suggest that a lowland in the 
present coastal areas developed in an early 
phase of the Mezosoic Era. As a result of these 
new surveys on Bømlo it has been proposed 
that the coastal areas formed a flat and deeply 
weathered landscape that from the Jurassic 
and onwards became flooded and covered by 
Mesozoic sediments which have since been 
eroded away 44,25.  

Wide mountain plateaus in Norway are 
traditionally referred to as the Paleic land surface, 
a term introduced by the geologist Hans Reusch 
in 190195. This includes the Hardangervidda 
plateau located further inland to the east of 
the Geopark. He thought that this surface must 
have existed before a late upheaval of the land, 

as it is distinct from the deeply incised valleys. 
This view has since been accepted by most 
geologists. The classical model is that tthese 
land masses reached their current elevations 
through several episodes of land uplift, perhaps 
related to the opening of the Norwegian Sea 
that started some 50-60 million years ago14. 
The highest mountain summits along the fjord 
possibly mark the former level of an ancient 
more coherent land surface that today is falling 
gently towards the North Sea. This classical 
understanding of landscape development, which 
is also supported by more recent synthesis of 
geological as and geochronological data 68, is 
hotly debated today. A research group that bases 
its results on modelling and exposure dating of 
rock surfaces is skeptical about this hypothesis 
and finds it more likely that at least a large part 
of the Paleic surfaces was formed by widespread 
glacial erosion during the Quaternary glaciations 
31,6. Along with the discoveries of deep preglacial 
weathering on the strandflat area these recent 
studies have once more placed the geology 
within the Geopark in the center of a scientific 
debate.

The landscape before Quaternary Ice Ages. There was a 
river where the Hardangerfjorden is today (Aarseth 2005).
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Hardangerfjorden – carved by ice sheets in 
the ruins of a mountain range. 

Hardangerfjorden is deeply cut into the older 
surrounding low-relief landscape60. It is 183 
km long and up to 850 m deep and is Norway’s 
second longest fjord after the Sognefjord to the 
north. It is located along a more than 600 km 
long shear zone that separates Precambrian 
granitic gneisses and gabbros in the south from 
the much younger Cambro-Silurian rocks on the 
opposite side of the fjord.  A thick slab of the 
crust was here downfaulted when the overlying 
nappe complex that were pushed inland during 
the Caledonian plate collision started to slide 
back when the mountain chain began to collapse 
during the Devonian period 42. A river incised a 
valley along this zone of weakness in the crust 
and it eventually grew deeper in response to the 
subsequent Cenozoic uplift events. During the 
Quaternary, outlet glaciers of the Scandinavian 
Ice Sheet eventually made the former valley into 
a fjord that became deeper and longer for each 
glaciation. The vertical linear erosion along the 
main fjord amounts to 1500–2000 m 134.

Folgefonna National Park – a showcase for 
the formation of alpine landforms 

Folgefonna National Park, established in 2005, 
is located on the eastern side of Hardangerfjord 
and it hosts a large ice cap after which the park 
is named.  At 214 square kilometers, it is the third 
largest ice cap in Norway65. Its highest point is 
1,662 meters above sea level, and this is one of the 
wettest places in Norway, receiving an estimated 
annual precipitation of around 5,500 millimeters.  
This area is known for its dramatic and beautiful 
nature with fjords, mountains, rivers, lakes, and 
glaciers and is an important tourist destination 
in Norway. 

The Norwegian strandflat – a low-lying coastal 
landscape flanking the mountains   
The Norwegian strandflat is the geomorphological 
term for the low-lying rim of land that is developed 
in solid rock along the west coast61. This is an 
uneven and fragmented bedrock surface that 
encompasses much of the archipelago. Its top 
surface defines a rather smooth plane that is 
gently dipping from about 50-60 m a.s.l. at the 
inner edge of the strandflat to about 30-40 m 
a.s.l. at the outer islands.  Southwest of Bømlo, 
this surface slopes slightly into the sea and is 

recognized as skerries and small islets. The 
prevailing view is that this platform in solid rock is 
mainly the result of intense frost weathering with 
subsequent wave erosion along the seashore. It 
is not a continuous surface as it has been further 
modified and dissected by glacial erosion. This 
landscape element probably formed in a rather 
cold climate during the Ice Ages when the 
outer coast was ice-free and relative sea level 
was higher than today due to glacioisostatic 
depression of the crust79.

The whole area has repeatedly been covered 
by the Scandinavian Ice Sheet
The ice sheets that expanded beyond the present 
coastline has removed older sediments and 
stripped away segments of the bedrock which 
were redeposited on the seafloor off the coast. 
The Quaternary sediments in the North Sea 
basin consists of a series of thick prograding 
wedges of glacially derived sediments which 
are related to several ice sheet advances that 
reached the continental shelf.  It is estimated that 
the pre-Quaternary land surface over southern 
Norway is worn down by several hundred meters 
on average. These high estimates for how much 
rock have been removed by glacial erosion are 
also supported by 10Be and 26Al measurements 
on bedrock surfaces suggesting that there has 
been a lot of erosion also over the land areas 
between the fjords6. There is some evidence to 
suggest that the forerunners of today’s fjords 
were eroded by ice sheets during an early phase 
of the Quaternary (between 2.6–1.1 Ma ago)73. 
The oldest identified till in the North Sea off the 
west coast of Norway has been dated to about 
1.1. Ma, but it seems clear that the ice sheet was 
far out on the continental shelf long before that. 
It is unclear how many times the Scandinavian 
Ice Sheet has grown into the sea, but it must 
have happened dozens of times. Only since the 
last interglacial (128-115,000 yrs ago) this has 
happened at least 5 times73. 
 
The ice sheet extent during the Last Glacial 
Maximum (LGM)  20,000 years ago
During the last ice age, the ice sheet attained 
its maximum extent shortly before 20,000 yrs 
ago when it covered the highest mountains and 
merged with the British Ice Sheet across the 
North Sea63. Glacial striae and lineation show 
that ice was then flowing almost due west across 
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A reconstruction of the ice sheet extent during the end of the Younger Dryas. 
Notice that relative sealevel was higher at the time (Aarseth 2005)

11,500 yrs ago

Hardangerfjorden, but it turned north just off the 
coast as it became confluent with a giant ice 
stream in the Norwegian Channel that follows 
the coastal contours around southern Norway. 
This fast-flowing ice stream subsequently broke 
up c. 19-18 ka after which an ice-free corridor 
opened in the North Sea that lay parallel with 
the coast110,122.  The western margin of the ice 
sheet stabilized a few km to the west of Bømlo 
and remained in this position for a period that 
lasted 4000 years or so75.  Exposure dating, 
by measuring the 10Be content in quartz in ice-
transported boulders above the marine limit on 
land, reveal how long the widely scattered erratics 
have been exposed to cosmic radiation and in 
principle provide a basis for determining when 
they came out of the ice. Recently performed 
10Be dating from the mountain massifs Ulvanosi 
and Melderskinn suggest that the highest 
mountain peaks along the fjord emerged from 
the ice surface and became nunataks as early as 
20-19, 000 yrs ago93, perhaps reflecting an initial 
thinning of the ice sheet after the LGM.   
   
The initial deglaciation of the outer coast 

Exposure dates show that the summit of the 474 
m high coastal mountain Siggjo on Bømlo came 
out of the ice at around 14,500 yrs ago93. The 
oldest radiocarbon dates of marine molluscs 
as well terrestrial plant remain collected from 
investigated postglacial strata from the adjacent 

lowland have given similar ages. There is thus 
no doubt that the outer coast and probably the 
entire strandflat area became permanently ice 
free at around this time. This ice sheet retreat 
occurred in response to a climatic warming that 
goes by the name Bølling interstadial. A rich and 
varied marine mollusc fauna as well as frequent 
finds of whalebones (mostly Bowheads) testifies 
to a productive marine environment with influx 
of Atlantic water masses. This in many ways 
resembled the environment along the west coast 
of Spitsbergen before the whaling started74.

The last climatic spasms of the Ice Age left 
clear marks in the landscape   

TThe ice sheet retreated more than 60 km into 
the fjord in the centuries after 14,000 yrs ago 
during the relatively mild interlude called the 
Allerød interstadial. At about 12,800 yrs ago, the 
climate suddenly became much colder again. 
This marks the start of the Younger Dryas, an 
extreme cold spell with arctic conditions that was 
to last for 1200 years and left its clear marks on 
the landscape.  The maximum extend of this ice 
sheet advance is delimited by a prominent end 
moraine across the mouth of Hardagerfjorden, 
termed the Halsnøy Moraine. Moraine ridges 
stemming from this ice sheet advance can be 
seen on the islands of Halsnøy and Tysnes135,77.  
Corresponding lateral moraines belonging to this 
outlet glacier are located along the slopes on the 
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south side of the fjord where they can be traced 
up to 1000 m above sea level33,75.  This moraine 
system has been mapped all around Scandinavia 
and the outline defines an ice sheet the size of 
Greenland that existed during the Younger Dryas 
at the very end of the last Ice Age63. During 
this cold spell, a local ice cap formed over the 
mountain massif Ulvanosi where an ice tongue 
left beautiful moraine ridges (Dyrrinda) along the 
hiking trail that leads up to the summit from the 
settlement at Utåker on the southern slopes93. In 
Etne, a large glaciomarine delta along with other 
glacial sediments was deposited and was the 
basis for the rich agriculture land and from which 
large sand and gravel resources are extracted

The ice sheet collapsed in response to the 
Holocene warming. 

At the beginning of the Holocene period in which 
we now live, an abrupt and dramatic climate 
warming occurred which eventually completely 
changed the landscape and the environment in 
the Geopark region. The melting of the entire 
ice sheet increased and the front of the large 
outlet glacier that terminated at the mouth of 
Hardangerfjorden started to calve inwards the 
fjords75,133. The results of geological surveys show 
that it took only 400 years before the fjord was 

completely ice free. This implies a withdrawal rate 
of 300 m pr. year on average for this period. As 
a result of a warmer climate, the light-demanding 
herbaceous vegetation that prevailed during the 
late glacial gave way to birch forests established 
soon after the transition to the Holocene. Later 
came the pine trees before the deciduous trees 
took their place in the landscape.  The first hu-
mans made their entrance to the outer coast in 
this deglaciation phase after the cold Younger 
Dryas period was over. This was a time when an 
armada of iceberg sluggishly drifted out the fjord 
as a farewell to the ice age. The last remnants of 
the Scandinavian Ice Sheet that for a while still 
covered the mountain areas further inland had 
melted away soon after 10,000 years ago63.

Sea-level changes have been decisive for 
where people have lived.

The proximity to the sea and the resources here 
has been decisive for where people have settled 
since the first immigrants arrived on the outer 
coast more than 11,000 years ago. The sea-
level changes have been a governing factor for 
the location of the settlements through time. The 
relative sea level changes over the last ice-free 
period are primarily the result of the interaction 
between glacioisostatic crustal movements 

Guided glacier climbing. Photo: Visit Sunnhordland
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caused by the ice sheet loading and global 
eustatic changes. This interaction has caused 
sea level on the outer coast to have moved up and 
down twice, first in the final stage of the ice age 
(Younger Dryas) and later in the Holocone period. 
This second sea level rise is called the Tapes 
transgression69,71. The shorelines are all tilted 
and rises inwards towards the fjords where the 
uplift has been the greatest, but with decreasing 
gradients through time. The marine limit at Bømlo 
on the outer coast is 30-40 m a.s.l.  whereas 
in the innermost part of the fjord that became 
ice free 3,500 years later, it is as much 110 m 
a.s.l. 75.  In an area on the strandflat on Bømlo 
(Halleråker) the marine limit (32 m a.s.l.) can be 
seen by prominent beach ridges at the site Kjøl 
that were deposited during the culmination phase 
of the late-glacial transgression which is put in 
connection with the large ice sheet advance that 
reached the mouth of Hardangefjorden at the 
end of the cold Younger Dryas cold spell 11,700 
years ago72. 

In research historical perspective a good 
knowledge of the course of past sea-level 
changes has been crucial for archaeologists in 
dating, interpreting and understanding human 
occupation history in this region especially for 
the stone age settlements. An important goal 
for the researchers involved in this work was to 
reconstruct the sea-level changes and how these 
related to the stone age sites and their age. In the 
wake of the discovery of the famous Stone Age 
quarry on the islet Hespriholmen on Bømlo with 
its many workshop sites that are up to 10,000 
years old, a close interdisciplinary collaboration 
with geologist and botanists was established at an 
early stage. As a methodological groundbreaking 
work, the sediment stratigraphy in several lake 
basins that had previously related to the sea 
was examined in order to reconstruct and date 
the sea level changes49,69. Using such archives 
have since become a classic method in sea-level 
research. 

Kayaking in the archipelago. Photo: Finn Bakke
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Volcanic arcs around the globe are excellent 
factories for geological resources. The spreading- 
and subduction related volcanism, combined 
with the exhumation of mantle rocks and deep to 
shallow marine sedimentation, creates a range of 
geological resources useful to humans. The island 
arc system of the Sunnhordland Geopark makes 
no exception. Throughout almost 11.500 years 
of human occupation in the area since the last 
glaciation, the island arc has provided a range of 
geological resources, each reflecting the needs 

of periods of human and societal development. 
Although such reflections can be made for a 
range of similar geological environments, we will 
claim that the Sunnhordland Geopark has unique 
qualities in that the remains and traces of human 
exploitation are so excellently preserved and 
highly available for visitors that they collectively 
provide an unbroken path along the evolution of 
human geological resource acquisition through 
deep time.

As was the case with geology, Sunnhordland 
caught the interest of early archaeologists. 
Haakon Shetelig was employed curator of 
archaeology at Bergens Museum in 1901, and 
the same year he went to Bømlo to excavate the 
Stone Age site Sokkamyro. This site was soon 
published 108, 23, and he returned to Bømlo to 
excavate further this and other sites. Shetelig 
noticed that most of the lithic tools at the Stone 
Age sites were made from other raw materials 
than flint. The most important were greenstone 
and rhyolite, and he suggested that these were 
quarried and manufactured into tools locally. 
The greenstone quarry a Hespriholmen was 
found in 1923 by the archaeologist Johs. Bøe, 
the geologist Nils-Henrik Kolderup, and the local 
farmer Arnt Hovland 63. The rhyolite quarry at 
Siggjo was found in 1980 by the archaeologist 
Sigmund Alsaker, who also analyzed and 

published the results of the raw material studies 
from Bømlo 86, 2. Several new Stone Age quarries 
have been located since then, and during 
later years, and material from this region has 
contributed important data to Ph.D. dissertations 
and scientific articles in archaeology, and the 
results are of international importance 16, 83, 84. 
Furthermore, recent excavations at several sites 
at Bømlo related to cultural heritage management 
have generated new data with great research 
potential for future cross-disciplinary studies on 
Stone Age tool-production 70. During the last few 
years significant progress have also been made 
on the scientific treatment of the medieval chlorite 
schist quarries at Ølve and Hatlestrand, and the 
Viking Age/medieval soapstone quarries within 
the geopark 14, 15, and provenance studies for 
soapstone vessels 58.

Known resource exploitation through deep time since the Mesolithic.

GEOLOGICAL RESOURCES THROUGH DEEP TIME 
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Lava rocks and their resources

The earliest human populations in Sunnhordland 
were mobile hunters who used flint for their 
stone tools. However, already around 8000 BC 
the exploitation of suitable geological resources 
began, and it continued throughout the Stone 
Age. Particularly important were the low-grade 
metamorphic basalt flows (greenstone) and 
rhyolite flows related to the subaeric volcanism, 
dating from around 474–480 million years. To 
a more limited extent, jasper (related to supra-
subduction spreading) was also applied.

The stone axe quarries at Hespriholmen and 
Stegahaugen

The most important of these is the Hespriholmen 
greenstone quarry, which is situated at a small 
islet c. 3 km off the mainland of southern Bømlo. 
The quarry is characterized by artificial and 
easily spotted, deep stuffs in the rock surface. 
The two largest stuffs are located just beside 
each other on the western side of the islet. 
The total area of the quarry is c. 250 m2 and 
the quarried volume is calculated to c. 400 m3. 
Archaeological test excavations at Hespriholmen 
have uncovered large heaps of quarried waste 
material, consisting of flakes and big gabbro 
hammerstones. The quarrying started during the 
early Stone Age c. 8000 BC, and continued until 
c. 2300 BC, for altogether for 5700 years. This 
is a remarkably long period of axe production, 
also in an international context. On average, c. 

1m3 was quarried each year, to which c. 9m3 
of firewood – preferably oak – was applied. 
Firewood must have been transported from the 
mainland, because Hespriholmen is too small to 
provide wood. The quarrying took place just at 
the water’s edge and was affected by sea-level 
changes. It was probably moved to the top of 
the islet during the transgression after a swift 
regression during the early part of the Stone Age.

The greenstone at Hespriholmen is dense, tough, 
and very homogenous, making it very well suited 
as raw material for stone axes. The production 
was probably carried out by a combination of 
heating and hammering. A tension in the rock 
was first created by the lighting of fires on the 
surface, which was thereafter hammered with 
the hammerstones, producing blocks and rough 
outs. This process took place on Hespriholmen 
itself, and rough outs were thereafter taken by 
boats to workshops on the mainland for further 
manufacturing. Many such axe workshops have 
been surveyed and excavated at Southern 
Bømlo, and they have not found outside this 
local area, which means that it must have 
been an “axe production center” there. The 
workshops are characterized by large amounts of 
greenstone flakes, and occasional blanks. Very 
few complete, ground axes are found at these 
sites. This indicates the main purpose of the 
workshops was to produce blanks, and as such 
they were distributed further from the production 
center. The final shaping the axes, by grinding 

Drawings of Stone adze-types made from Hespriholmen greenstone. The adze to the left is a “Chubby 
adze” from the early Stone Age (Mesolithic 8000-4000 BC). The adzes to the right are from late Stone 
Age (Neolithic 4000-2300 BC). The one at the top right is a “Vespestad adze”, named from the find 
spot at Bømlo, and the one below right is a so-called “Vestland adze”.
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and surface pecking, took place at the residential 
sites throughout the distribution area.

Another greenstone axe quarry – geochemically 
identical to that of Hespriholmen – is located 
further north at Bømlo, at Stegahaugen c. 52 
m.a.s.l. on the western slope of the mountain 
Siggjo. This is much smaller, and the quarried 
volume is estimated to be only 6m3. Like 
Hespriholmen, reduction of blocks took place at 
the quarry itself.

Several different axe-types were made from the 
greenstone and the shapes changed over time. 
Axes – or more precisely adzes – were probably 
used for a variety of purposes connected to 
woodwork.

Dugout canoes, and smaller items such as wooden 
bowls would have been important products. 
Geochemical analyses show that greenstone 
from these sites were important in networks for 
trade and exchange during most of the Stone 
Age in western Norway. Several thousand axes 
of greenstone have been found and some up to 
300 km away. Within a 100 km radius from the 
quarry, in the area between the Sognefjord and 
Jæren, archaeological and geological studies 
show that greenstone made up almost 90% of the 
total amount of axes 86, 84.

The stone quarry for projectile points
The Siggjo quarry lies on the northern side of 
the top of the mountain Siggjo (474 m.a.s.l.). The 
quarried material is rhyolite (subaerial lava flows). 
The area covers c. 600 m2 and around 100m3 
has been extracted. It is characterized by easily 
recognizable concave and convex surfaces and 
other artificial depressions and bulbs in the rock. 
Large heaps of refuse material are found in the 
quarry area. Radiocarbon dates show that main 
period of rhyolite-use in western Norway is c. 
4000-2300 BC.

Rhyolite possesses the qualities necessary for 
production of sharp stone tool edges, as it is 
fine, dense, and homogenous.  The extraction 
and first preparation of the stone were done in 
a similar fashion as greenstone. The quarried 
blocks were carried down to the sea for further 
distribution by boats. At residential sites within 
the main distribution area, these blocks were 

then further reduced by a particular “cylindrical 
core technique”, which was very effective in terms 
of lithic raw material utilization. Most likely, this 
technique was originally developed to suit the 
Siggjo rhyolite, thus making Bømlo an important 
area for technological innovation as well as stone 
production and distribution in this period. It is very 
likely that people living between the Sognefjord 
in the north and the Boknafjord in the south 
had direct access to the quarry at Siggjo and 
took out material there themselves for their own 
consumption. Populations who lived further away 
acquired it through trade and exchange. Such a 
pattern is indicated by the presence of a marked 
fall-off in the use of rhyolite from c. 70% to c. 5% in 
the area just to the south of the Sognefjord, which 
is supported by archaeological and geochemical 
investigations 2, 16.

Arrowhead made from 
Siggjo-rhyolite found at the 
site Stokkset in Sande, Møre 
og Romsdal county. It is an 
example of the extensive 
trade between Bømlo and 
districts to the north during 
the Stone Age (Photo: Uni-
versity Museum of Bergen) 

Jasper/chert quarries

Two jasper/chert quarries are known from the 
geopark area, one Skjervika bay at southeast 
Bømlo, the other at Nautøya, a small island 
between Bømlo and Stord. The jasper is dark red 
in color, and it has clearly visible negative scars 
and crush marks on the rock surfaces at the 
quarries attesting to the use of hammer stones, 
possibly in combination with the use of wedges. 
There were no clear traces of the use of fire. 

C. 3 m3 of waste layers lie just in the front of 
both quarries, containing flakes and fragments 
of brittle and impure jasper. Jasper was used to 
make knives (blades) and possibly arrowheads. 
The use-period of jasper span c.4500-3300 BC 
83. The use of jasper was partly contemporary to 
that of rhyolite but was minimally used and had 
only local significance. .
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Resources from pyroclastic rocks

Metamorphic tuffite deposits occurs several 
places on the northwestern side of the 
Hardangerfjord. These are mostly chlorite-rich 
green schists, also containing small amounts 
of talc. The mafic mineral composition together 
with the schistosity make the rocks suited for 
extracting thin slabs of rock that are fire resistant. 

The bakestone and building stone quarries

The quarries are situated at Ølve and Hatlestrand 
in Kvinnherad on the western side of the 
Hardanger fjord. The quarried material is chlorite 
rich talc-bearing green schist. Altogether 71 
quarries are known from this area, most of which 
lie on the eastern side of the Kvitberg lake. Some 
of the quarries are open, others are under rock 
overhangs, and some underground quarries 
resulted in up to 30 m deep artificial caves. The 
first archaeological investigations took place 
during the 1930s and several surveys and test 
excavations have been performed since then 129, 

15. The investigations uncovered marked traces of 
quarrying in the rock surfaces (furrows, circles, 
depression marks, hewed channels), and large 
spoil heaps of refuse material in front of quarries 
as well as at local workshop sites. Several 
samples of charcoal from the test excavations 
have been radiocarbon dated, and the results 
span the early and high Middle Ages, c. 1025-
1250 AD. The production probably also continued 
during the fourteenth century with an extension 
into the early modern period. The chlorite shist 
is dense, homogenous, and provide regular 
cleavage planes with ample opportunities for 
controlled splitting. It was therefore highly valued 
and extensively utilized for several purposes. The 
quarries were carved directly from the bedrock. 
Using an iron pickaxe, they cut the shape of the 
products into the rock, and the products were 
thereafter broken loose by following the cleavage 
plane, horizontally. Baking stones (for baking flat 
bread) was one of the main products. Building 
stones, and roofing tiles were also manufactured. 

The standard finished baking stones were c. 1 
cm thick, rounded and 25-50 cm in diameter. The 
surfaces on both sides were finished by carving 
long, parallel lines in all directions. This took 
place in the quarries themselves or at workshops 
close to the quarries.

While building stones and tiles were primarily 
used for construction of local stone buildings, 
such as churches, the baking stones were 
distributed more widely. During the Middle Ages, 
baking stones were standard implements in 
everyday cuisine in Norway including the North 
Atlantic region. They were therefore extensively 
traded within this area in bulk on ships via 
medieval towns like Bergen. The quarries and the 
quarrying were owned and run by the medieval 
elite, but the practical work in them was probably 
carried out by local people or itinerant workers.

Resources from exhumed mantle 
rocks

Within several of the geological units in the 
area, there are small bodies of periodotite, most 
likely remains of the lower parts of ophiolites 
and fragments of exhumed mantle blocks on the 
sea floor, later emplaced within the stacks of 
Caledonian nappes. Most of the ultramafic bodies 
have been altered to soapstone (talc-carbonate 
rocks). Soapstone was used throughout the 
prehistory and early history of western Norway. 

During the early part of the Stone Age (Mesolithic), 
it was used to make line sinkers and animal figures 
17. In the Bronze Age, casting moulds to produce 
bronze tools were made of soapstone, and it was 
also an important raw material for cooking vessels 
during the last centuries BC 92. Due to the high 
heat capacity, such pots could stay hot long after 
removing the heat source. During the early Iron 
Age, soapstone was also used as temper during 
the production of pottery, and as raw material for 
net sinkers, loom weights and spinning whorls 
114. In the Viking period, large-scale production 
of soapstone cooking vessels took place, and 
this continued into the medieval period 58. Finally, 
when the construction of clerical buildings 
(churches and monasteries) commenced in the 
early Middle Ages around 1100 AD soapstone 
was a preferred for material, such as ashlars 
and decorative elements. It is very likely that the 
many outcrops of soapstone within the geopark 
area were quarried throughout the prehistory of 
western Norway, however, geological provenance 
studies have only been performed for Viking Age/
medieval cooking vessels and medieval building 
stones. The Urda quarry was one of the most 
important building-stone quarry in southwestern 



Annex 2 Geological Description

26

Norway during the Middle Ages. Provenance 
studies have revealed that it was used for the 
Moster church, perhaps the oldest stone church 
in Norway, and numerous medieval churches in 
the city of Bergen, until c. 1160 when the quarry 
was exhausted and abandoned. 

At the small islet of Russøy, another soapstone 
quarry is found, also exhausted and probably 
abandoned around 1180. Today, the quarry 
remains partly water filled, and the surrounding 
bedrock defines a lens-shaped cavity delineating 
the exploited soapstone resource. Provenance 
studies show that the quarry was almost solely 
exploited for stone to the Munkeliv Monastery in 
Bergen 67. 
 

Resources linked to sea-floor 
hydrothermal events

In the Late Cambrian/Early Ordovician hydro-
thermal events along a spreading ridge predating 
the main phase of the island arc, massive sulphide 
deposits were formed, in a similar way as we see 
at present time around volcanic spreading ridges. 
These resources initiated several mines in the 
area, most of them post-reformation (after 1537 
AD). However, we do not yet know if there were 
earlier mining. A range of different VMS sulphide 
mineralization types are found in the area, 
including copper-zinc dominated and massive 
pyrite.  The sulphide mines near Ølve are among 
the oldest in Norway, and also the first place in 
Norway to apply explosives in mining in the late 
17th century. Several historical mines are available 
for visits, displaying both old mining technology 
and the actual resource the old miners were 
hunting. During the 19th century, sulphuric acid 
became a valuable resource, making the massive 
pyrite resources valuable. The Litlabø mine at 
Stord provides an excellent example, displaying a 
well-preserved mine, visible exposures of metallic 
ore and a small museum.

Resources from deep seated 
magma chambers

The island arc-related magma chambers, varying 
from gabbroic to granitic composition, were 

formed between 475 and 460 million years 
ago. At present time, these rocks outcrop in the 
Northwestern part of the Geopark. The utilization 
of granitoid rocks began during the industrial 
revolution, when needs for paving and building 
stones increased. Numerous quarries were 
established in the last half of the 19th century 
and first part of the 20th century, predominantly 
for export to the city of Bergen, but also for local 
construction. Although there were some large 
quarries, most of them were small and located on 
islets. Several of these have been left undisturbed 
since the early 19th century where one may study 
the extraction methods from bedrock, sites for 
fine splitting and carving, and quays for shipping 
blocks to Bergen.

Resources from sedimentary rocks

During Ordovician and early Silurian times, 
limestone, and other sedimentary rocks, such as 
sandstone and mudstone, were deposited in the 
marine shelfs and basin surrounding the island 
arc. From a resource perspective, the limestone 
units (later metamorphosed to marble) are the 
most important.

The first application of marble in the Geopark 
was for lime mortar. There are several Medieval 
stone buildings within the Geopark, and it is likely 
that local marble resources were applied. There 
are also remains of lime kilns from that period. In 
modern periods, the lime production reached its 
peak around 1900 when construction of hydro 
power plants further in the fjords made marble the 
valuable raw material for industrial carbide and 
cyanamide. This trade ended in the 1960’s.  In 
the 18th century, several of the marble resources 
in the Geopark were exploited for ornamental 
stone. The Baroque Danish-Norwegian king 
launched a campaign for finding “beautiful 
stones” for embellishing the royal constructions 
in Copenhagen, and Sunnhordland became one 
of the most important sources for such. Thus, 
varieties of marble from Sunnhordland can be 
seen in several 18th century castles and churches 
in Copenhagen. It is also a sad fact that the 
marble from Sunnhordland found its way to St. 
Croix in the Caribbean, as a part of the Triangular 
Trade of humans and goods. 
. 
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Orogenic gold resources

Although not directly formed during the 
Ordovicium Silurian island arc system, orogenic 
gold is found in the Lykling area at Bømlo. The 
gold was deposited in quartz veins, related to an 
episode of hydrothermal activity in ophiolitic rocks 
at a later stage in the Caledonian orogeny, most 
likely during the extensional faulting following the 
culmination of the orogeny. Gold mining 

was initiated around 1880. The gold is unevenly 
distributed in the veins, from barren to extremely 
rich. The Bømlo gold rush in the late 19th century 
made the small village of Lykling into a buzzling 
klondyke. Some got wealthy, others lost all. 
Around 1910 it was all over, and the mines were 
abandoned. 200 kilos of gold was extracted. The 
hydrothermal resource system and some of the 
mines are well preserved and easy accessible.

 Pines & ponds sheltered from the open sea. Photo: Jan Rabben 
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We present 47 unique geosites in the application, out of a total of 110 in our database.  The 
geosites are classified as Bedrock, Landscape or Geo-resource. Some of the sites are listed in two 
categories.  In addition we have listed 13 sites of Cultural significance (see E2), most of them with a 
connection to geo-heritage.  

Type Total Int. Value Nat.Value Reg. Value

Bedrock 22 9 8 5

Landscape 18 12 6 2

Geo-resource 13 4 4 4

TOTAL 25 (22 unique) 18 (16 unique) 11 (9 unique)

Nr. Issue Name Value Protection Subject Key words

19
Bedrock Cambro-
ordov./Landscape

Goddo fault INT
Municipal 
protection

Edu, Sci,
Fault & clay revealing 
secrets

9 Bedrock Caledonian Grutlebrekka INT Mun. protect.   Edu, Sci, Volcanic breccia
15 Bedrock Caledonian Helgeneset INT Mun. protect.   Edu, Sci, Tour Pillow lava with jasper
37 Bedrock Caledonian Røyrvikeskaget INT Mun. protect.   Edu, Sci, Tour Sediments with granite
38 Bedrock Caledonian Bårdhaugen INT Mun. protect.   Edu, Sci, Tour Granite-gabbro border

10 Bedrock Caledonian Holsøyane INT Mun. protect.   Edu, Sci, Tour
Slanted lava layers 
Ingimbrittic breccia

35
Bedrock Caledonian 
& Landscape 

Fitjar islands INT
Cult.landsc. of 
Nat. Interest 
(KULA)

 Tour, Edu
Granite archipelago in 
strandflat-area. 

17 Bedrock Caled. Tverråno INT none Edu/Sci
S-type granite, 
migmatite

29
Bedrock Cambro-
ordov./Landscape

Digernesklubben NAT Mun. protect.   Edu, Tour Chert

11 Bedrock Caledonian
Søre 
Lyklingholmen

NAT Mun. protect.   Edu, Tour, Sci Deep sea sediments

58 Bedrock Caledonian Møsevatnet NAT
National park. 
Nat. protect.

Edu, Tour Lake terminating glacier

20 Bedrock Caledonian Utslåttøy NAT Mun. protect. Edu, Tour Granite, pegmatite

47 Bedrock Caledonian Ulvanosa NAT Mun. protect. Edu, Sci, Tour
Ice sculptured 
mountain, blockfield, 
moraines, erratics   

32 Bedrock Caledonian Kattnakken NAT Mun. protect. Edu, Tour, Sci Volcanites, rhyolite

7
Bedrock Caledonian 
& Landscape

Bergesfjell NAT Mun. protect. Edu, Sci, Tour Nappe 

21
Landscape & 
Bedrock, Caledon.

Ørnavikhaugen  NAT Mun. protect. Tour
Granite/pegmatite/ 
archipelago

33 Bedrock Caledonian Dalskarvatnet NAT Mun.prot. Edu, Sci, Tour Stratigraphic, fossils

8
Bedrock Caledon & 
Georesource

Skjervika REG Nat. protect. Edu, Sci, Tour
Stone Age jasper 
quarry

1
Landscape & 
Bedrock Precamb.

Ryvarden REG Mun. protect. Tour
Lighthouse,  proteozoic 
rock, fjord mouth.

30 Bedrock Caledonian Sagvåg skule REG Mun. protect. Edu/ Tour Conglomerate

46
Bedrock 
Precambrian

Vannes REG Mun. protect. Edu/Sci
 Volcanic and plutonic 
bergrock (Andes-type)

36
Bedrock 
Precambrian

Rauholmen REG Mun. protect. Edu, Sci, Tour Peridotite

Bedrock: 22 sites

Geological heritage and conservation

Listing and description of geological sites 
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Nr. Issue Name Value Protection Subject Key words

26
Landscape & 
Georesource

Siggjo INT
National 
protection

Edu, Sci, 
Tour

Glacial erratics, rhyolite quarry.  
Landscape

60 Landscape Rullestad INT Mun. protect.
Edu, Sci, 
Tour

Glacial potholes

54 Landscape Melderskin INT
National park 
Nat. protect.

Edu, Tour

Geomorphologic 
process,remaining 
paleiclandscape.
View to glacier

48 Landscape Skorpo INT Mun. protect.
Edu, Tour, 
Sci

Ice sculptured formation

52 Landscape Nordli Moraine INT
National park 
Nat. protect.

Edu, Tour, 
Sci

Lateral moraine, Younger Dryas

57 Landscape Bondhusdalen INT
National park 
Nat. protect.

Edu, Tour, 
Sci

Glacier, moraines, landslides, 
landscape.

16 Landscape Kjøl INT Mun. protect.   
Edu, Tour, 
Sci

Raised beach ridge, strandflat

43 Landscape Halsnøy Moraine INT Mun. protect. Science
End moraine, Ice Age, Monastery 
ruins

59 Landscape Langfoss INT Mun. protect. Tour Exeptional waterfall, 612 m

5 Landscape Sætrehillaren INT Nat. protect.
Tour, Sci, 
Edu

Fault, archeological site for 
important bone comb w/early 
rune message (600 AC). 

19
Landscape 
& Bedrock 
Caledonian 

Goddo fault INT
Municipal 
protection  

Edu, Sci, Fault & clay revealing secrets

24
Landscape 
& Bedrock 
Caledonian 

Idledalen INT Municipal prot Edu, Sci, Deep weathering, saprolite

35
Landscape 
& Bedrock 
Precambrian

Fitjar islands INT
Cult.landsc. of 
Nat. Interest 
(KULA)

 Tour, Edu
Granite archipelago in strandflat-
area. 

20
Landscape & 
Georesource

Utslåttøy NAT Mun. protect. Edu, Tour Granite, pegmatite

52 Landscape Nordli Moraine NAT
National park 
Nat. protect.

Edu, Tour, 
Sci

Lateral moraine, Younger Dryas

47
Landscape 
& Bedrock 
Caledonian

Ulvanosa NAT Mun. protect.
Edu, Sci, 
Tour

Ice sculptured mount., blockfield, 
moraines, erratics   

44 Landscape Etne  terrace NAT Nat. protect.
Edu, Tour, 
Sci

Moraine, Bronze Age petroglyphs 
& Medieval stone church

21
Landscape 
& Bedrock 
Precambrian 

Ørnavikhaugen NAT Mun. protect. Tour Granite/pegmatite/ archipelago

18 Landscape Steganeset NAT Mun. protect. Edu, Sci, Deep weathering/saprolite

1
Landscape 
& Bedrock 
Precambrian,

Ryvarden REG Mun. protect. Tour, Edu Pegmatites, glacial forms,

45 Landscape Skånevik REG Mun. protect. Edu, Tour Moraine, raised marineterrace

Landscape: 18 sites
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Geo-resource: 13 sites

‘Nr. Issue Name Value Protection Subject Key words

26 Georesource 
& Landscape

Siggjo INT
National 
protection

Edu, Sci, 
Tour

Glacial erratics, rhyolite 
quarry.  Landscape

6
Georesource Hespriholmen INT Nat. protect.

Edu, Sci, 
Tour

Stone Age quarry (greenstone)

49
Georesource Fuglebergåsen INT Nat. protect.

Edu, Sci, 
Tour

Chlorite schist, medieval 
quarry for bakingstones

13
Georesource Lykling goldmine INT Mun. protect.   

Edu, Sci, 
Tour

Gold mines, quartz veinsw/
orogenic gold,very exposed 
geology.

31 Georesource Stordø Mines NAT Mun. protect.   Edu, Tour Pyrite mines, 90 km of tunnels

27
Georesource Moster Amfi NAT Mun. protect.   

Edu, Sci, 
Tour

Marble quarry 1100-1960

12
Georesource Urda NAT Nat. protect.

Edu, Tour, 
Sci

Medieval soapstone quarry

50 Georesource Attramadal NAT Mun. protect.   Edu, Tour Copper mine

44 Georesource 
& Landscape

Etne  terrace NAT Nat. protect.
Edu, Tour, 
Sci

Glaciomoraine delta, ancient 
monuments, rock carvings

39
Georesource Russøy REG Nat. protect.

Edu, Sci, 
Tour

Soapstone quarry

42
Georesource Seløy REG Mun. protect.   

Edu, Sci, 
Tour

Marble quarry

23 Georesource Ospholmbleika REG Mun. protect.   Edu, Tour Granite quarry

51
Georesource Bergspytt REG Nat. protect. Edu, Tour

Soapstone quarry for two 
churches

8 Georesurce Skjervika REG Nat protect Edu, Sci Jasper quarry, Stone Age

Attramadal copper mine. Photo: Jan Rabben



 
2.  Description of our geosites 

 
 
 
       

 
           Illustration of the main quarrie at Hespriholmen (UiB).  
 

   
1 INVENTORY AND SIGNIFICANCE OF THE GEOSITES  

 
Statement of outstanding values; Methods and guidelines: 
In the preparation of the present application, several avenues have been applied for 
assessment of values of the geosites: 
 
• Value assessment methodology of geosites has been applied as described in 

legislation by the Norwegian Environment Agency in their guidelines for environment 
impact assessment. This method is aligned with UNESCO recommendations of value 
assessment along three axes: science, education and tourism. 

• For geological resources, we have in addition used archaeology experts for details in 
value assessment of resources, mines and quarries. In Norway, all pre-reformation 
sites (1537 AD) are automatically protected, and thus of national value. International 
value has been claimed at sites that either display exceptional degree of preservation 
and/or are linked to historic, international trade patterns. 

 
 

https://www.miljodirektoratet.no/ansvarsomrader/overvaking-arealplanlegging/arealplanlegging/konsekvensutredninger/vurdere-miljokonsekvensene-av-planen-eller-tiltaket/naturmangfold/sette-verdi-i-hvert-delomrader/
https://www.miljodirektoratet.no/ansvarsomrader/overvaking-arealplanlegging/arealplanlegging/konsekvensutredninger/vurdere-miljokonsekvensene-av-planen-eller-tiltaket/naturmangfold/sette-verdi-i-hvert-delomrader/


Bedrock geology sites 
Although the geopark displays a unique story of continental building through deep time 
and several different geological environments, we have focused on some of the units that 
we believe are of international value.   
We argue for international significance for the arc-related sections (500-440 Ma) in the 
western part of the geopark, where their exposure is almost continuous. The sequence 
describes the early stages of the Caledonian orogeny: island arc formation on top of 
volcanic ocean floor and adjacent sedimentation, arc-continent collision with formation 
of migmatite and S-type granitoids (Taconian orogeny), new subaerial volcanism on the 
uplifted margin evolving towards new basin formation. Over a short distance, both the 
surface processes and the deep crustal evolution connected to them can be seen, 
exceptionally well preserved. More concrete, we argue for international value for the key 
units describing this evolution: island arc volcanic rocks (Geitung unit), arc-continent 
collision (migmatite units), arc subaerial volcanism and basin development, deep seated 
plutonic complexes related to the volcanism.  
 
Landscape sites 
The landscape in the Geopark from the Folgefonna Glacier in the east to the strandflat in 
the west are among the most well known glacial landscapes in Norway, and one of the 
few areas where one may view the whole glacial landscape gradient. We argue for 
international significance for geosites that have exceptional “school-book” qualities for 
glacial landscapes.  
Active research is at present time going on in the outer part of the strandflat, where 
remnants from deep tropical weathering, dating 200 Ma, has been discovered. This work 
has been recently published in Nature, which we find as argument for proposing 
international significance.  
 
Geological resource sites 
We consider four of them to be of international significance: Hespriholmen Mesolithic-
Neolithic stone axe quarry, Siggjo Neolithic arow-head quarry, Lykling gold mines and the 
baking slab quarries at Ølve. Other, pre-1537 resource exploitation sites are considered to 
be of National value, whilst younger mining and extraction sites are of regional or local 
value. However, viewing the historic and prehistoric mining and quarrying sites in the 
area, and particularly those related to the Cambro-ordovician sea-floor/island arc system, 
we claim the totality of such to be of international value. These geological systems have 
produced a wide range of geological resources that have been employed by man since 
the first human settlements in the area 11 000 years ago. The collection of well-preserved 
sites, within a limited geographic area, thus tells us about the human interaction with and 
dependency of a particular geosystem through deep time. 
 
 
 
 
 
 
 
 



Nr. 37  Røyrvikeskaget 

Spectacular landscape of granite veins and dykes penetrating schist, marble and quartzite 
 
The geosite displays a section of metamorphosed sedimentary rocks penetrated by granitic dykes and veins. 
The reason is the section’s proximity to nearby granitic magma chambers, sending magma under pressure 
through cracks in the surrounding, heated rocks. This event happened around 474 million years ago, deep 
below a volcanic island arc colliding with an ancient continental crust (Laurentia). Due to the intense heating 
produced by the magma chamber, the sedimentary rocks suffered much higher temperatures then other 
sedimentary sections in the area. High pressure and temperature conditions have led to the formation of 
metamorphic minerals such as garnets and staurolites, and even partial melting of the rocks. Detailed study 
of the garnets has revealed a temperature of more than 600 degrees and a pressure around 8 kilobars during 
the metamorphism of these sediments.  
The resulting landscape shows a fascinating morphology of upstanding, granitic veins, in between easily 
soluble carbonate rocks weathering away through dissolution. The geosite is among the most important 
sites along the West Coast for understanding processes around magma chambers as well as weathering 
processes and rates after the last glaciation period.  

 
Key words Magmatism, hydraulic brecciation, sedimentary succession, metamorphism  

Accessibility Medium 

Accessible by Boat and foot path from Møgster quay 

Geological phenomena Island arch magmatic processes, geomorphology 

Age Ordovicium 

Protection None particular 

Vulnerability Low 

Read more  

 
Geological significance Science Education Tourism 

International O O O 

National    

Regional    

Local    

 

 Cambro-ordovician Precambrian Landscape Georesource Other 

Geosite type 0  0   



 
N 60.0691347 E 5.0806769 

  
 

       Photo: Tom Heldal

           



Nr. 36  Raudholmen  
Rocks from the interior of the Earth 
 
The small islet Raudholmen is clearly distinguishable from the other islands in the area, displaying rocks with 
a brownish red color. “Red island” is a truly suitable name. The rocks on the island are very iron rich, and the 
color is caused by oxidation of iron, giving a rusty surface. Beneath the thin surface layer, the rocks are dark 
green. They are also enriched in magnesium and belong to a group of rocks called peridotite – or ultramafic 
rocks. A closer look reveals that there are two types of rocks within this group: one is clearly banded and has 
a darker tint. This is harzburgite, the composition of the mantle beneath the Earth’s crust. The other rock 
type, more yellow in appearance, occurs as intrusive dykes (fracture filled magma) in the first. This is dunite, 
or olivine-stone. Within these ultramafic rocks, you will find occurrences of a dark metallic chromium-rich 
mineral called chromite. The exposure does also contain a lot of grey-ich veins with a fibrous mineral. This is 
a serpentine mineral formed due to reactions between the original olivine crystals and circulation fluids 
within the rock.  
The intimate relations between the two rock types reveals that they are formed in the transition zone 
between the Earth’s interior (the mantle) and the oceanic crust. During tectonic uplift and/or extreme 
crustal thinning, such deep rocks are brought to the surface, and through continental collisions, they may be 
transported from the native oceanic environment to a continent.  
Small patches of ultramafic rocks are rather common in the Norwegian bedrock. Being high in iron, 
magnesium and heavy metals, the ecosystems thriving on such rocks are different from the surroundings. 
For instance, pine forest on ultramafic rocks is a red-listed nature type in Norway.   

 
Key words Mantle rock, serpentinization, deep oceanic crust 

Accessibility Difficult 

Accessible by Boat 

Geological phenomena Oceanic crust 

Age Cambrian-Ordovician 

Protection None 

Vulnerability Low 

Read more  

 
Geological significance Science Education Tourism 

International    

National    

Regional O O O 

Local    

 
 
 
 

 Cambro-ordovician Precambrian Landscape Georesource Other 

Geosite type 0  0   



 
N 59.9980547 E 5.2121939 

 

 
  

 

  

 
 

 
 
 
 
 

The rusty color of the island is due to the high 
iron. Content of the rocks and make them stand 
out in contrast to the surrounding bedrock 
geology. 

 

The banded, darker harzburgite is cut by yellow 
dunite veins. 
 

 



 
 Cambro-ordovician Precambrian Landscape Georesource Other 

Geosite type 0  0   

Nr. 20  Utslåttøy 
A natural wonder made from granite 
 
Utslåttøy is a natural sculpture park with a boulder-like morphology resulting from glacial erosion and 
selective weathering along fractures in the hard, granitic rocks. The granite itself is injected with numerous 
pegmatite veins, displaying huge crystals of feldspar, quartz, and mica. The pegmatites were formed 
during the last stages of granite cooling beneath the island arc.  
 
The island is a popular destination for picnic and sports, with its central lagune and many secret places for 
bouldering, diving and swimming.  

 
Key words Granite formation, pegmatites, upper crust  

Accessibility Medium 

Accessible by Boat 

Geological phenomena Geomorphology, island arc magmatic processes 

Age Ordovician 

Protection None 

Vulnerability Low 

Read more  

 
Geological significance Science Education Tourism 

International    

National   O 

Regional  O  

Local O   

 

 
N 59.8688417 E 5.0790088 



 

Chrystals and stripes of a pegmatite.                 Photo: BS. 

  Lagunes and granite rock forms with pegmatites.

 
 
 



 Cambro-ordovician Precambrian Landscape Georesource Other 

Geosite type   0   

Nr. 54  Melderskin 
A pearl among glacial landscapes 
 
Melderskin, called The Queen Among the Sunnhordland Mountains”, is a well-known landmark towering 
1462 m a.s.l. above the village of Rosendal on the south bank of Hardangerfjorden. This mountain massif, 
which forms part of the Folgefonna National Park, has a huge variety of beautiful landscapes on display. Due 
to its wildness and scenic landform this majestic mountain is by far the most popular summit hike in the 
region. Rosendal, from where there are well-marked walking trails, is a widely used starting point for 
mountain hikes.  Here is also the newly established Folgefonn Centre located. In addition to serving as a 
visiting center for the national park it offers exhibitions which describes and explains the natural diversity in 
the Hardangerfjord region.  
Melderskin is first and foremost a geomorphological site to view and study the landscape development and 
the processes associated with it. From the summit there is a wonderful view in all directions, and one gets a 
good visual impression of the breath of variation in landforms within large parts of the geopark. In the east, 
well-developed alpine landforms emerge, flanked by the large Folgefonna Ice Cap, Norway’s third largest 
glacier. Beautiful valleys extend from the glacier arms and all the way down to the fjord. This landscape 
includes bowl-shaped cirques, over-deepened glacial lakes, arêtes, and deeply incised u-shaped valleys.  
The Melderskin mountain massive consist of Precambrian granite. Younger strata that presumably covered 
this ancient rock formation has long since been eroded away. The summit is a nearly flat surface that is 
believed to remnants of an ancient pre-glacial landscape (paleic surface) that may date back to the 
Mesozoic Era or perhaps even further back in time. The mountain plateau itself is covered by a several 
meters thick block field that consist of detached stone blocks of different sizes that were weathered loose 
from the underlying solid rock by frost shattering. It must have taken tens of thousand years with ice-free 
conditions in a cold Ice Age climate to form blockfields like this. The block field areas in the Norwegian 
mountains have traditionally been interpreted by many as so-called nunataks that were protruding from the 
ice. New studies cast doubt on this hypothesis and there is now evidence to suggest that the Scandinavian 
Ice Sheet covered also these high-lying areas, but without having eroded the substrate.  Ongoing research 
indicate that some of the boulders within the block field area have been moved by glacier ice flowing 
westward across the summit area. Furthermore, cosmogenic exposure dating (10Be) of ice-pushed boulders 
suggest that they have ben exposed to cosmic radiation for only 18-20,000 years suggesting that the highest 
part of the mountain came out of the ice when the ice sheet started to thin shortly after the Last Glacial 
Maximum (LGM). During the Younger Dryas cold spell (12,800-11,600 years ago) a large outlet glacier filled 
the fjords while local glaciers existed on the adjacent mountains that now protruded from the ice surface. 
Significantly younger moraines formed under the Little Ice Age in the middle of 1700s. 

 
Key words Glacial landscape, mountain 

Accessibility Demanding 

Accessible by Foot path 

Geological phenomena Ice-marginal morraine, “botn” valley, Glacial erratic 

Age Quaternary 

Protection National Park 

Vulnerability Low 

Read more  

 
 
 
 



Geological significance Science Education Tourism 

International  0 0 

National    

Regional 0   

Local    

 

 
N 60.0066373 E 6.0801151 

   Melderskin to the left. Folgefonna glacier up right. Rosendal village down left corner.       Photo: Jan Rabben 

 



 Cambro-ordovician Precambrian Landscape Georesource Other 

Geosite type   0   

Nr. 48  Skorpo 
An Ice Age sculpture in solid rock formed by glacier ice and meltwater 
 
Skorpo is a small island in solid rock that juts out from the sea in the outer part of the Hardangerfjord just 
outside Uskedalen village. The bedrock consists for the most part of Cambrosilurian phyllite and only within 
small areas the surface is covered by a thin layer of sediments and peat growth. Especially the exposed 
south-facing bedrock surfaces show beautiful and well-preserved examples of so-called p-forms, that is 
plastically moulded smooth forms that were carved by ice abrasion and subglacial meltwater. The features 
that can be seen and studied here were formed underneath the large outlet glacier of the former 
Scandinavian Ice Sheet. The wet-based ice sheet that once were flowing out the fjord basin has polished the 
malleable phyllite in a spectacular way aided by rock fragments that were frozen into the basal ice and/or by 
a slush of water scrubbing the bedrock surfaces. At places one also can observe classical glacial striations, i.e. 
scratches or gouges cut into bedrock by rock fragments embedded in the basal ice. Some of the forms bear 
the marks of been formed by fast-flowing subglacial meltwater streams under high hydrostatic pressure and 
loaded with debris. This includes a series of potholes that must have been formed by hard pebbles and 
boulders trapped in swirling water columns reaching base of the ice sheet and where they drilled into solid 
rock due to the rotational movement. The forms on Skorpo date from the final stage of the Ice Age, possibly 
from the time when the fjord glacier started to retreat from the Halsnøy Moraine in response to the 
Holocene warming 11,600 yrs ago. Skorpo is well suited for visiting by small boats or kayaks from the 
mainland. The site is in many respects considered a suitable laboratory for studying processes and results of 
glacial erosion. 

 
Key words Glacial erosion, P-forms 

Accessibility Medium 

Accessible by Boat or foot path on island 

Geological phenomena P-forms, Potholes 

Age Quaternary 

Protection None 

Vulnerability Low 

Read more  

 
Geological significance Science Education Tourism 

International  0 0 

National    

Regional 0   

Local    

 



 
N 59.9338177 E 5.7937369 

 

 
The south face of the Skorpo island is an artwork of glacial erosion leaving plastical forms on the rock face  
(P-forms) 

 
 
 
 



Nr. 6  Hespriholmen 
A remarkable Stone Age quarry (greenstone axes) located on a remote islet 
 
The islet Hespriholmen lies c. 3 km off the mainland of southern Bømlo, facing the North Sea, just NW of the 
modern fishing village Espevær. Geologically it consists of greenstone (altered lavas of andesitic 
composition). A large axe quarry from the Stone Age is situated on the middle part of the islet. It is 
unaffected by modern development. The traces of quarrying are characterized by artificial and easily 
spotted, deep stuffs in the rock surface. The two largest stuffs are located just beside each other on the 
western side. Each of them is c. 9 m deep and 2,5 m broad. There are traces of hammering on the stuff walls. 
The total area of the quarry is c. 250 m2 and the quarried volume is calculated to c. 400 m3. The quarrying 
started during the early Stone Age already c. 8000 BC, and continued until c. 2300 BC, for altogether for 5700 
years. This is a remarkably long period of axe production, also in an international context. On average, c. 
1m3 was quarried each year, to which c. 9m3 of firewood – preferably oak – was applied. Firewood must 
have been transported from the mainland, because Hespriholmen is too small to have provided enough of it. 
The quarrying took place just at the water’s edge and was affected by sea-level changes. The greenstone at 
Hespriholmen is dense, tough, and very homogenous, making it well suited as raw material for stone axes. 
The production was carried out by a combination of heating and hammering. A tension in the rock was first 
created by the lighting of fires on the surface, which was thereafter hammered with the to break loose 
blocks of greenstone. The blocks were thereafter reduced to rough outs by hammering. This process took 
place on Hespriholmen itself, and rough outs were thereafter taken by boats to workshops on the mainland 
for further manufacturing. Many such axe workshops have been surveyed and excavated at Southern Bømlo. 
 
Greenstone from Hespriholmen was important in networks for trade and exchange during most of the Stone 
Age in western Norway. Several thousand axes of greenstone have been found and some up to 300 km 
away.  
The greenstone quarry at Hespriholmen has important qualities on the context of a geopark. It is an 
internationally renowned archaeological site.  Its value as location for visitors is also significant. The islet is 
only accessible by boat. However, visitors can easily see the monumental traces of quarrying which stand in 
contrast to this natural, rugged, and exposed marine landscape.  

 
Key words Stone Age, Stone axe quarry 

Accessibility Difficult 

Accessible by Boat 

Geological phenomena Island arc volcanism, geological resource 

Age Ordovician 

Protection Protected by the Norwegian law of antiquities 

Vulnerability High 

Read more Alsaker 1987; Olsen and Alsaker 1984; Bergsvik 2006; Nyland 2015 

 
Geological significance Science Education Tourism 

International 0 0 0 

National    

Regional    

Local    

 Cambro-ordovician Precambrian Landscape Georesource Other 

Geosite type 0   0  



 
N 59.6110578 E 5.1119416 

 
 
  

 
 
 
 
 
 



 Cambro-ordovician Precambrian Landscape Georesource Other 

Geosite type 0   0  

Nr. 8  Skjervika jasper quarry 
The red micro-quartz for tools in early Stone Age 
 
Several jasper quarries are known from the geopark area. This type of jasper was formed on the sea floor 
close to hydrothermal vents related to sea floor volcanism. The largest quarry is situated at Skjervika bay at 
southeast Bømlo. The jasper is dark red in color, and it has clearly visible negative scars and crush marks on 
the rock surface of the quarry attesting to the use of hammer stones, possibly in combination with the use of 
wedges. C. 3m3 of waste layers lie just in the front of it, containing flakes and fragments of brittle and 
impure jasper. Jasper was used to make knives (blades) and possibly projectile points. The use-period of 
jasper span the latter part of the early Stone Age through the early part of the late Stone Age, c. 4500-3300 
cal BC. The use of jasper was partly contemporary to that of rhyolite (from Siggjo), but in contrast to that, it 
had only local significance. The Skjervika quarry contribute values to the geopark, as the concave surfaces 
are exposed and relatively easy to spot. The site is easily accessible from the sea. By foot, it is accessible 
along a path from Berge.    
 

Key words Stone Age, quarries, projectile points 

Accessibility Easy 

Accessible by  Foot 

Geological phenomena Sea floor 

Age Ordovician 

Protection Protected by the Norwegian law of antiquities 

Vulnerability High 

Read more Nyland 2015 

 
Geological significance Science Education Tourism 

International    

National 0 0 0 

Regional    

Local    

 

 
N 59.6517094 E 5.2259854   



 
 

Photo 1: The quarry                          Photos: Knut Andreas Bergsvik/Brynjar Stautland 
Photo2: Loose stone just above the quarry 
Photo 3: Artefacts from the nearby creek 

 
 
 
 
 
 
 
 
 
 
 
 
 



Nr. 26  Siggjo  
Iconic mountain peak with neolithis arrow-head quarries 
 
40 000 visitors want to enjoy the view from the Siggjo mountain every year. Not because it is a very tall 
mountain, measuring 474 m.a.s.l., but because it is not surrounded by other and taller mountains, and thus 
its loneliness gives a magnificent view over the strandflat. The glaciers tried their best to tear this mountain 
down, but being composed of hard, volcanic rocks, it resisted well although scars from gravel at the base of 
the westward moving glacier. The view clearly exposes how the young ice-age landscape including the 
strandflat cuts into older landscape to the east. Moreover, the Hardangerfjord fault separating the rather 
naked and barren Precambrian rocks in the south from the more nutritious and diverse, younger rocks on 
the northern side. The summit area is scattered with large, erratic blocks. These are glacial erratic blocks, 
transported by glaciers from one place to another. Cosmic radiation geochronology has revealed that the 
erratic blocks at Siggjo where ice-free around 14500-15000 years ago, several thousand years before the last 
ice age ended. One of these blocks has been transported almost 40 km by the glacier from another landmark 
peak in the east – Ulvanosi. 
The resistant rock from which most of the Siggjo summit is composed of is rhyolitic and other acidic lava, 
representing the first subaerial volcanoes in the area, after the island arc collided with the laurentian margin. 
In between is a black rock with white stripes, possibly a mixture of rhyolitic lava and obsidian, exposures 
starting about 100 m north of the summit. Its glassy appearance made the rock an important resource in the 
Neolithic. The quarry cover c. 600 m2 and was used c. 4000-3300 cal BC. Rhyolite possesses the qualities 
necessary for production of sharp stone tool edges, as it is dense, homogenous and has a flint-like 
constitution. Rhyolite was probably quarried by first using fire to create tension in the rock, and then by 
hammering with large hammerstones to loosen blocks. Thereafter, the first phase of reduction and 
preparation of blocks took place at the quarry itself, leaving large refuse heaps. The blocks were thereafter 
carried down to the sea for further distribution by boats. At residential sites within the main distribution 
area, these blocks were then further reduced by a particular “cylindrical core technique”, which was 
performed with the intention of making arrowheads and blades (knives with sharp, parallel edges). 

Key words Stone Age, Stone projectile point quarry, erratic blocks, landform 

Accessibility Medium 

Accessible by Foot 

Geological phenomena Rhyolite (subaerial lava flows) utilized during the Stone Age and glacial landscape 

Age Ordovician 

Protection Protected by the Norwegian law of antiquities 

Vulnerability High 

Read more Alsaker 1987; Bergsvik 2006; Nyland 2015 
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Siggjo, a landmark on the Norwegian coast through all times.                                                 Photo: J.I. Svendsen 

 

  
Amounts of rhyolite-chips present in the Neolithic quarry on top of Siggjo.                     Photo: BS 
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Nr. 49  Fuglebergåsen 
The medieval source of baking stones  
 

The quarries are situated at Ølve and Hatlestrand in Kvinnherad on the western side of Kvinnherad fjord. The 
quarried material is talc-bearing, green chlorite schist, most likely a tuff deposition. Altogether 71 quarries 
are known from this area, most of which lie on the eastern side of the Kvitberg lake. Some of the quarries 
are open, others are under rock overhangs, and some underground quarries resulted in up to 30 m deep 
caves. The first archaeological investigations took place during the 1930s and several surveys and test 
excavations have been performed since then. The investigations uncovered marked traces of quarrying in 
the rock surfaces (furrows, circles, depression marks, hewed channels), and large spoil heaps of refuse 
material in front of quarries as well as at local workshop sites. Several samples of charcoal from the test 
excavations have been radiocarbon dated, and the results span the early and high Middle Ages, c. 1025-1250 
cal AD. The production probably also continued during the fourteenth century with an extension into the 
early modern period. 
The chlorite shist is dense, homogenous, and provide regular cleavage planes with ample opportunities for 
controlled splitting. It was therefore highly valued and extensively utilized for several purposes. The quarries 
were carved directly from the bedrock. Using an iron pickaxe, they cut the shape of the products into the 
rock, and the products were thereafter broken loose by following the cleavage plane, horizontally. Baking 
stones (for baking flat bread) was one of the products. Building stones, and tiles were also manufactured. 
The standard finished baking stones were c. 1 cm thick, rounded and 25-50 cm in diameter. The surfaces on 
both sides were finished by carving long, parallel lines in all directions. This took place in the quarries 
themselves or at workshops close to the quarries. 
While building stones and tiles were primarily used for construction of local stone buildings, such as 
churches, the baking stones were distributed more widely. During the Middle Ages, baking stones were 
standard implements in everyday cuisine in Norway including the North Atlantic region. They were therefore 
extensively traded within this area in bulk on ships via medieval towns such as Bergen. The quarries and the 
quarrying were owned and run by the medieval elites, but the practical work in them was probably carried 
out by local people or itinerant workers. 

 
Key words Middle Ages, quarries, bakestones, building stones 

Accessibility Easy 

Accessible by Foot 

Geological phenomena Greenshist utilized during the Middle Ages 

Age Ordovician 

Protection Protected by the Norwegian law of antiquities 

Vulnerability High 

Read more Weber 198xx, Baug xxx 
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Photo: BS, O. Apneseth. 
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Nr. 15  Helgeneset  
Pillow lava and orogenic complications 
 

Along the shore south of the Finnås farm, a steep outcrop reveals some of the key geological findings in this 
part of Norway. In the upper part of the outcrop, pillow lava is exposed, displaying excellently a cross-section 
of a pillow lava flow. These lavas compose parts of a predominantly volcanic unit (the Geitung Unit), 
geochemically showing signatures of an immature oceanic arc, built on top of ophiolitic rocks. It is dated to 
494 million years. Pillow lavas are formed when lava flows under water, consolidating in tube-like structures.  
 
Beneath the lava is a conglomerate layer, derived from the volcanic rocks and interpreted for being of 
continental origin. The ruling interpretation is that the conglomerate was deposited on top of the lavas, and 
that the whole rock mass has been inverted (turned upside down) during the later orogenic events. To make 
it even more complicated, the shape and geometry of the pillows shows that they lay the way they were 
deposited. This will imply that the lavas were uplifted and inverted also before the conglomerate was 
deposited. Although such a complex history is disputed, the outcrop is one among several pointing at a 
significant hiatus in the geological record between 494 and 472 million years, when younger volcanoes 
formed on top of the old ones. In between, the oceanic arc collided with the Laurentian continental margin. 
 
For those who do not like to take part in the ongoing geological discussion, this is a great place to see pillow 
lavas and many features of such. It is also a scientific historical site, since Hans Reusch, one of the grand old 
in Norwegian geology, described the site in detail 15 years before Pillow lava became a term, and almost 
hundred years before the plate tectonic environments in which they form became common knowledge. 

 
Key words Pillow lava, conglomerate 

Accessibility Easy, but some care on the steep exposures. Most easy to see from boat 

Accessible by Foot and boat 

Geological phenomena Sub-sea lava flows, island arc 

Age 494 million years 

Protection None 

Vulnerability Medium 

Read more  
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Photos: Håvard Stubseid, BS                  Person standing at conglomerate layer    

 

 
  Drawing by Hans Reusch (1888)                                                   



Nr. 9  Grutlebrekka 
A roadcut through lava flows 
 
Luckily, this lava did solidify for a long time ago, between 472 and 466 million years. Recent roadwork made 
these lava flows visible through blasting, displaying a crosscut through extremely brecciated lava. This 
means, blocky lava flows where solidification occurred in singular or connected blocks, separated by tuffy 
matrix. This kind of lava flows are probably representing numerous eruptions from one or few volcanoes.  
 
These flows, with a basaltic to andesitic composition, represent the last episode of volcanism in the geopark, 
perhaps related to supra-subduction basin formation. Trace-element composition of the brecciated lava 
reveals a similar signature as the Siggjo volcanics. We do not know yet if they are subaerial or subaqueous, 
but in between the flows are sedimentary rocks of marine origin.  
The outcrops are best and most safely viewed from the west side of the road, where there are blocks for 
more close-up studies. A spectacular view of these brecciated lava flows can also be seen from the sea, along 
the western shoreline, where tens to hundreds of lava flows are stacked on top of each other.  

 
Key words Lava, breccia 

Accessibility Easy, by the road 

Accessible by Road 

Geological phenomena Volcanism 

Age 472-466 million years 

Protection None 

Vulnerability Exposed for lichen growth  

Read more  
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Photos: B.S 
 

Roadcut displaying breccia lava flows.   Lava flows with auto-brecciation in the          
top part, continued by the sea 500 m                                                                                             
from site.     
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Nr. 38  Bårdhaugen 
A view into magma chamber processes 
 
The cliffs around Bårdhaugen display unique insights into the contact between two magma chambers, during 
formation of the Sunnhordland batholite.  
At the same time as lavas, ash and pyroclastic erupted at the surface at around 473 Ma, a large gabbroic 
intrusive complex crystallized at mid-crustal levels from mantle derived melts. Then, a granitic batholith 
developed by the intrusion of numerous plutons and smaller rock bodies. First granodiorites, then granitic 
plutons, which are dated to 467 Ma. 
The geosite displays the contact between these two plutonic rock masses. The granitic magma intruded the 
gabbro, and in the process broke apart large fragments of gabbro. From north to south, the outcrops range 
from massive gabbro, gabbro with granite veins, granite with broken gabbro fragments to granite with 
scattered xenoliths of gabbro. The granite also carries xenoliths of highly deformed rocks, developed in syn-
magmatic shear zones during the emplacement of the gabbro.  
The contact relations are 100% exposed over a distance of several hundred meters, which makes this a 
brilliant site for studying magma chamber processes as well as relative timing of events.  
 

Key words Granite, gabbro, magma 

Accessibility Best by boat, some more challenging by foot 

Accessible by Boat and foot 

Geological phenomena Magmatic processes  

Age 473-466 million years 

Protection None 

Vulnerability Low 

Read more  
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 Both: Granitic intrusions in darker gabbroic rocks.                                 Photo: Tom Heldal 
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Nr. 10  Holsøyane     
Group of islets with well-preserved lavas and pyroclastic flows 
 
From 474 to 466 million years ago, the area experienced intense volcanic activity after the ophiolite and 
island arc were accreted to the North American Shield at around 475 Ma. First, subaerial volcanic eruption, 
followed by a gradual basin development. The islets display some of the most spectacular lava flows and 
pyroclastic breccias from that period. These include laminated tuff layers of andesitic composition, thick 
layers of pyroclastic breccias with folded tuffite fragments and sets of lava flows. The islets are still partly 
unexplored, so it is possible to make new discoveries.  
 

Key words Lava flows, pyroclastic breccia, tuffite 

Accessibility Only by boat. The islets are un-inhabitated 

Accessible by Boat 

Geological 
phenomena 

Volcanology 

Age 473-466 Ma 

Protection Some of the islets are protected as nature reserves 

Vulnerability Low 

Read more  
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Laminated layers of tuff              

                                         

 
Pyroclastic breccias with folded tuffite fragments intruded by later dike. 
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Nr. 29  Digernesklubben 
A colorful exposition of laminated chert 
 

500 million years ago this area was on the deep ocean floor. Subsea volcanoes erupted simultaneous with 
accumulation of sediments. Laminated chert is commonly found in these ocean floor sedimentary rocks. 
They are formed by slow accumulation of silica shells of microorganisms, such as radiolaria (single cell 
eukaryotes). Through long time, layers of these are deposited and later buried and transformed to 
cryptocrystalline silica rock – chert.  
Within the geopark, chert layers are important indicators for locating ocean floor sedimentary rocks. They 
can be followed from the outer Bømlo area and eastward deep into Hardangerfjord. Laminated chert rocks 
are aesthetically attractive rocks, displaying red, pink, and violet colors, and often carrying evidence of 
orogenic deformation, such as folds.  
At Digernesklubben chert localities are easily available. From the rest area/parking lot, a path leads to 
outcrops about 100 meters to the southwest. It is also possible to continue to the shoreline where there are 
even better outcrops, but also more difficult to access.   
 

Key words Chert, deep sea 

Accessibility Easy walk 100 m by foot from parking lot. Slippery if raining.  

Accessible by Foot & boat 

Geological phenomena Deep sea sedimentary rocks 

Age c. 500 million years 

Protection None 

Vulnerability Low 

Read more  
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Banded radiolarian cherts. Small grains of hematite give the beautiful dark red color.                                    
Photo: BS 

 
Exposure of alternating light, green and red layers of cherts.               Photo: Jan Rabben 
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Nr. 32  Kattnakken 
The tallest mountain in the Stord municipality shares a secret 
 
With its height of 713 m.a.s.l Kattnakken is the tallest mountain on the island of Stord. The volcanic rocks of 
this spectacular landmark range in composition from basaltic to rhyolitic and represent similar type of rocks 
as seen on Siggjo on Bømlo. The acidic lavas have been dated to 474 Ma and represent sub-aerial eruptions 
formed due to rift related magmatism after the island arc collided with the Laurentian margin.   
The acidic lavas still contain flow structures from when the lavas erupted. Some of the acidic lavas are also 
extremely fine grained and occur as rhyolitic glass. Above the rhyolites rests ignimbrites and pyroclastic 
deposits formed during an eruption like the famous Vesuv eruption covering the city of Pompeii. Further up 
in the volcanic succession rests dacitic, andesitic and basaltic lavas. If one looks closely into the information 
hidden within the lavas, the most observant will understand that something is not right. Vesicles from 
released gas and fiamme structures within the ignimbrites indicate that the entire volcanic succession has 
been turned upside down. You are walking on a upside down volcano that was flipped when the continents 
of Baltica and Laurentia collided 430 million years ago!  
More than 200 million year later, yet another period of volcanism took place in the Triassic during the initial 
opening of the Atlantic Ocean. Basaltic magma filled large cracks in the previous rocks of Kattnakken and 
crystallized to dikes of diabase. Today, these dikes form depressions in the terrain as they are weathering 
faster than the surrounding acidic volcanics.  

 
Key words  Volcanism, volcanic deposits 

Accessibility  A few hours hike   

Accessible by  Foot 

Geological phenomena  Volcanism 

Age  474 million years 

Protection  None 

Vulnerability Low 

Read more  
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Flow banding from when the lava was flowingdown-slope during eruption. Photo: Håvard Stubseid 

Geology students combining wiew and insight at Kattnakken. Photo: Atle Rotevatn   
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Nr. 35   Fitjar islands 
Archipelago of fractured granite on the strandflat 
 
The Fitjar islands are well-known by people in the area, as an Eldorado of isles and skerries, ideal for finding 
a secluded bay for spending the night on a boat. When sailing in this area, one may view the features of a 
468 million years old granodioritic pluton, such as pegmatites and xenolithic inclusions. Or enjoy the glacial 
erosion of the uplifted magma chamber.  
The islets and skerries are the above-sea remnants of the glacial carving along pre-designed fracture 
patterns, made long before the glacial period. These NW-SE and NE-SW oriented structures were formed 
during the stretching of the land during and after the erosion and collapse of the Caledonian mountain 
range, and possibly also during the early stages of the formation of the Atlantic Ocean 55 million years ago. 
The glaciers carved mostly in zones of weakness, such as fracture zones. The resulting archipelago makes a 
pattern of sounds along the fracture zones and islets in between. The area is an ideal place to embrace the 
qualities of the strandflat, the unique feature of the Norwegian west coast. 
On the islets are scattered houses and small farms, a remnant from the days when boats were rowed or 
sailed and the proximity to fishing fields was crucial. Today, most of these houses are used for holidays.  
These islets are qualified as KULA- area; Cultural Area of National Interest, by the Directorate of Cultural 
Heritage.  
 

Key words  Granites, fracture networks, strandflat 

Accessibility  Medium 

Accessible by  boat 

Geological phenomena  Strandflat 

Age  468 – present day 

Protection  None 

Vulnerability  Low 

Read more  
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             Hanøy, Fitjar

Archipelago of granodioritic pluton, eldorado for kayaking.                                            Photo: Lillian Nesse 
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Nr. 1  Ryvarden 
Lighthouse on ancient grounds 
 
Ryvarden has been a landmark for sea farers since the Viking period, and the site is mentioned in the 
Icelandic sagas as the place where one of the first settlers (Floka) departed on his way to Iceland. A 
lighthouse was first built in 1849 for fishermen’s safety. Later, it was enhanced, and more buildings were 
constructed. Today, Ryvarden is a cultural site with art expositions and holiday cabins for rent. 
The 2-kilometer walking path to Ryvarden takes the visitor through some of the oldest rocks in the geopark, 
glacially sculptured. The main part of the path takes you through 1,5 billion years old augen gneiss, formed 
as granitic rocks in the depth of an Andean type mountain range. The augen gneiss is extremely 
homogenous, although containing a weak planar schistosity, which made these rocks attractive for easy-
extractable stone for building docks and quays in the late 19th century. A historic quarry is located just 
south of the path. 
Close to the lighthouse, the rocks changes to tonalitic gneiss, less homogenous. The gneiss displays 
evidence of plastic deformation such as folds and shear-zones. It also contains pegmatites, bodies of rock 
composed of large crystals of pink microcline feldspar, grey quartz, black mica (biotite) and greyish 
muscovite mica. Pegmatite forms in the later stages of magma cooling and solidification, and sometimes 
they migrate and deposit in adjacent rocks. Yet, we have no exact dating of the pegmatite at Ryvarden, but 
it is likely to assume they were formed shortly after the other rocks in the area.  
Pegmatite was previously mined in the area, muscovite for fire-proof “windows” in stoves, microcline for 
ceramic products. Along the path going north along the coast, there are also huge pegmatite bodies easily 
visible from the path.  
 

Key words Precambrian, gneiss, glacial erosion 

Accessibility Easy 

Accessible by Footpath 

Geological phenomena Pegmatite, glacial erosion 

Age 1500 Ma 

Protection None 

Vulnerability Low 

Read more  
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Entrance to the Quartarian Hardanger fjord. Iapetus island arc geology at the left, Baltica bedrock at the 
right. Ryvarden down right.                        Photo: JR/Visit Shl 

Ryvarden Lighthouse at the rim of the North Sea.                   Glacial whaleback-erosion pointing at a      
                   westward movement.



     
 

Nr. 7  Bergesfjell     

Landmark hill with important information 
 

The geological rock units in the geopark have, during the orogenic events they have experienced, been 
tilted, folded and even thrusted along near horizontal shear zones. At southern Bømlo, the once 
horizontally layered rocks are stacked together in a thrust-fold terrain. To the north of Bergesfjell the rocks 
are dipping c. 65 degrees towards north. Gabbro and other ophiolite rocks of 500 Ma age are here seen 
structurally above much younger Silurian rocks (slate and limestone). 
This is even more visible at Bergesfjell, where the upper half consist of gabbro, nearly 60 million years older 
than the rocks beneath. The explanation is that the gabbro, during orogenic events, have been thrusted 
(“pushed” along a low-angle fault) on top of the Silurian sedimentary rocks. Such a remnant and isolated 
part of a thrust nappe, where the connecting parts have been removed by erosion, is called a “klippe”.  
In the underlying sedimentary rocks, Early Silurian fossils have been found. This fact also reveals that the 
folding and thrusting are related to the main phase (Silurian) of the Caledonian orogeny, and not to the 
previous arc-continent collision.  
 

Key words Gabbro, fossils, thrust fault 

Accessibility Easy 

Accessible by Car and foot 

Geological phenomena Thrust faulting 

Age Cambro-Ordovician 

Protection None 

Vulnerability Low 

Read more  
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Drawing of Bergesfjell and geological map by the 
geologist Hans Reusch, 1888. 

 
 
 
 
 

 
Close-up of thrust plan.

Bergesfjell today; gabbro on top, calcareous schist in lower part (vegetation).                 Photo: Grind 
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Nr. 27  Moster amfi  
Marble site building culture and society 
 

The marbles of Mosterhamn were once deposited as limestone in a marginal basin close to the Laurentian 
continental margin, in a warm and tropical environment closer to equator. Below the marble, rests a basal 
conglomerate with fragments of the underlaying volcanic rocks of Siggjo and Kattnakken representing an 
erosional contact. The marbles can be followed all the way to Ølve and Varaldsøy in the Hardangerfjord. 
Here, it is less recrystallized and reveal, based on Sr-isotope systematics, a depositional age between 460-
450 Ma. On top of the marble sits immature sandstones and shales, indicating a transgressive sequence 
due to a gradual deepening of the depositional basin. Studies of detrital zircons within the sediments, 
with populations of Archean age, reveal that these deposits are sourced from the Laurentian continent.  
In 1984 the abandoned mine was rebuilt as a amphi theatre for annual plays telling our local viking history 
of national interest which found place here around 1000 AC when the pagan asa-religion was replaced 
with catholisism.  Now here is a tourist centre close to the medieval stone church, and also the main 
visitor centre for Geopark Sunnhordland.     
 

Key words Marble, lime kiln 

Accessibility Easy 

Accessible by Car 

Geological phenomena Metamorphism, karst formation 

Age Ordovician 

Protection Local 

Vulnerability Low 

Read more  
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Moster, culture and society based on marble.    Photos: BS 
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Nr. 60  Rullestad potholes 
Spectacular glacial potholes (Giants kettles) on display in a magical Ice Age landscape  
 
A few kilometers above the head of Åkrafjorden, along the mountainside of Rullestad Gorge (270-320 m 
a.s.l) are a series of 20 to 30 spectacular glacial potholes. These are incised in the steep ice-polished 
Precambrian granite surface.  Most of them are located within a limited area of a south facing cliff and 
appear as vertical cylindrical holes in the bedrock. Some of them are partly cut into each other or lie 
directly on top of each other forming balconies down the slope. They are partly filled with water and/or 
sediments and some have smooth polished pebbles and boulders at the base. The diameter of the widest 
hole is about 10 m and the deepest are more than 15 m. Their impressive dimensions, diversity and 
location high up on the mountainside makes them quite unique and well worth a visit. Exploring these 
landforms up close is a very special experience and feels like finding yourself in a magical landscape, truly 
one of the wonders of nature. 
There is no doubt that the potholes were formed underneath the former ice sheet by fast flowing 
meltwater streams. These streams flowed through the vertical shafts between the mountain side and the 
enclosing ice masses with a violent force. The meltwater truly fell over hundreds of meters from the glacial 
surface above resulting in the high hydrostatic pressure. The rocks and boulders that accompanied the 
meltwater were swirled around at high speed in the vertical shafts and eroded the underlying bedrock. This 
“hydropower plant” acted as a high-pressure drilling machine that was capable of drilling deep holes even 
in this very hard granite bedrock. The fact that the potholes are so close together suggest that they were 
formed during a very short period of time, perhaps in one or only a few summer seasons.  The supply of 
meltwater during deglaciation must have been enormous. 
The potholes are located a short distance from the main road through the Rullestad Gorge. The site can be 
reached by following part of the old historical postal road that was built in the 1800s. This postal road has 
been restored. From this narrow road along the river, one follows a marked path to the hills above the 
south facing mountainside where the potholes are located. There is an impressive open ice age landscape 
here formed by the west flowing glacier.  Some of the rounded ice-sculptured surface forms are easily 
visible, including well-exposed roche moutonnees or sheepbacks, striated rock surfaces and so-called 
chatter marks can be seen all over.  From the top of the hill, you can climb down to the potholes that are 
located a few tens of meters below the edge of the cliff. The steep descent is secured with chains and steel 
steps that are inserted into the rock in the steepest slopes.  
 

Key words Potholes 11300 yrs 

Accessibility The decent should only be attempted in dry weather. 

Accessible by Foot 

Geological phenomena Glacial erosion 

Age 11300 yrs 

Protection None 

Vulnerability Low 

Read more  
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The potholes, possibly made during one summer season 11 300 yrs ago.                                 Photo: Finn Bakke 
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Nr.52 The Nordli Moraine 

Walking along the edge of a former fjord glacier 
 
On the south side of the Hardangerfjorden, not far from the village of Rosendal, there is a belt of distinct 
moraine ridges that are located high up in the mountain side along the fjord. These elongated ridges, that 
are generally 2-3 m high and 10 m wide, are very distinct against the barren bedrock  in the treeless 
landscape. The easternmost segment of this moraine belt is located about 900 m a.s.l., just below the 
summit of the mountain ridge Nordlifjell. From here they can be traced 4 km westwards along the east 
facing mountain side where they descend gradually down to 700 m a.s.l. The ridges, that are mainly built up 
by a till, contain large quantities of boulders and stones, occasionally stacked on top of each other. The 
whole ridge system, termed the Nordli Moraine, is interpreted as a lateral moraine that was deposited 
along the margin of a major fjord glacier, which was an outlet glacier from the Scandinavian Ice Sheet.   
The Nordli Moraine, which can easily be reached by following a hiking trail from Rosendal, is an important 
natural monument for several reasons. It is an excellent school example of a lateral moraine formed by a 
fjord glacier. The moraines are linked to a major glacier readvance that deposited a system of prominent 
end moraines around the entire Scandinavia during the Younger Dryas cold period. The moraines have also 
played a role in resolving a major research controversy. In the 1990s, the prevailing view that the Halsnøy 
and Nordli moraines were formed during the Younger Dryas period was questioned by several scientists 
and it was proposed that they could mark the maximum ice sheet extent during the Last Glacial Maximum 
some 20,000 years ago. A new dating campaign was then launched to solve this disagreement and 10Be 
exposure dates showed that the Nordli Moraine indeed is of Younger Dryas age and that it corresponds 
with the Halsnøy Moraine crossing the fjord mouth. This secure correlation of moraines in the 
Hardangerfjorden has provided the basis for an accurate three-dimensional reconstruction the fjord glacier 
near the end of the last Ice Age and it shows that the fjord glacier was up to 2500 m thick.  
 

Key words Morraine, Ice age 

Accessibility Medium 

Accessible by Footpath 

Geological phenomena Glacial erosion and deposition 

Age 12 900 – 11 700 years 

Protection None 

Vulnerability Low 
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  Age dating on top of Nordlifjell       Photo/ill.: UiB 

 

 
 
 
 
 
 
 
 

 

Illustration from BOREAS 
(Regnell et al. 2021) showing 
Deglaciation of the 
Scandinavian Ice Sheet and a 
Younger Dryas ice cap in the 
outer Hardangerfjorden area.  
Nordlifjell and the Nordli 
moraine up to the right.  
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Nr. 58  Møsevatn  
The story of continental crust – and a scenery of one of Norway’s largest glaciers 
 
A drive from Rosendal community to the mountainous area close to the Folgefonna glacier, will take you 
through a spectacular landscape of enormous granitic and gabbroic rock complexes (plutons). In this area 
glaciers have carved and polished the terrain exposing a variety of crustal rocks such as tonalites, 
granodiorites, monzogranites and gabbros. Such plutonic rocks are key component of the continental crust. 
The area tells a story about how continents are built from hot magma that form in the mantle or in the 
lower crust, and that accumulate in large magma reservoirs within the crust, where it crystallizes to form 
gabbroic or granitic rock complexes.  

Rosendal, were the route starts, lies at the foot of a 1400 m high granitic mountain massive. The 
Melderskin granite was recently dated to 944 Ma, and it is one of the youngest plutonic rocks in this part of 
the Geopark. Along the route from Rosendal to the Folgefonna glacier, the road passes another granitic 
massive - named the Ulvanosa granite. This granitic massive covers an area of around 7 km2 and represent 
another granitic pluton that also formed during the waning stage of the Sveconorwegian orogeny.  

These two post-orogenic granites intrude a complex of older granites that is exposed over a 170 km2 large 
area. The older granite complex is the northern part of a 50 km wide, and more than 200 km long belt of 
granitic intrusions called the Sirdal Magmatic Belt. Numerous granitic batholiths (large intrusive complexes) 
make up this belt, which formed during a period of 50 million years (from 1070–1020 Ma). This represents 
av major crust building phase of the Svenonorwegian/Grenville orogeny, and this continent building phase 
appears to have taken place in a continental arc setting. The area along the route demonstrates how 
continent in such tectonic setting are built through the intrusion of a numerous large granitic rock bodies 
over periods that spans from tens to hundred million years.  

At the end of the route at Møsevatn, the glacier has retreated leaving a glacial lake and a spectacular view 
towards a part of the glacier still hiding in the top part of the valley. In addition to the view of a glaciated 
landscape, both granitic and gabbroic rocks can be studied in detail on large glacially polished exposures. 

  

Key words  Magmatism, plutons, building continental crust  

Accessibility  Easy  
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Geological  phenomena Precambrian basement  

Age  1000-1600 million years  
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Granitic intrusions in dark gabbroic rocks.                   

Guided kayaking on Møsevatn.  Easily accessible by roads due to establishment of powerplants.       
Photo: Visit Shld 
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Nr. 16  Kjøl  
Spectacular beach ridges from the final stage of the last Ice Age 
 
In the outfield areas west and south of the Halleråker village on Bømlo lies a series of prominent beach 
ridges that rest directly on a spectacular strandflat landscape that during the Quaternary period was carved 
into a nearly 500 mill years old rock formation consisting of gabbro. The beach ridges, which have an 
approximate horizontal top level about 35 meters above the present sea level, appears as a complex of 
elongated low ridges that twist like worms in the treeless heather landscape, clearly visible and accessible 
for viewing and walking. The ridges are built up by stacks of pebbles and gravel that have been thrown up 
by waves that broke ashore towards the end of the last Ice Age when the sea reached onto this horizontal 
bedrock platform. Dating results indicate that this happened about 12,000 years ago or shortly after n the 
final phase of the cold Younger Dryas period (12,800-11,600 yrs ago) when Arctic conditions prevailed along 
the outer coast. During this cold spell, the Scandinavian ice sheet once again grew, and had its last major 
advance. During this cold spell, that lasted 1200 years, the glacioisostatic uplift halted due to the steady ice 
growth at the same time as the world’s ocean continued to rise. As a result, relative sea level here rose by 
10 meters in SW Norway and the beach ridges mark the top level of the transgression that culminated a 
couple of hundred years before the Holocene warming which abruptly set in 11,600 years ago. This is the 
only place in this part of Western Norway where such beach ridges are known, and we consider them a 
unique natural historical monument. Here, in addition to the ridges, one can also study how the frost and 
sea spray during the period when arctic conditions prevailed has caused severe weathering of the bedrock. 
In some places, the frost weathering has incised shelves in the exposed bedrock at the forefront of the 
beach ridges. In combination with the underlying bedrock geology, the beach forms contribute to a better 
understanding of the processes that have formed and expanded the strand flat when the sea occasionally 
stood at this level. We would like to add that in addition to being a nice hiking area this is one of the very 
rich birding area in Sunnhordland and with a great diversity of species present. Thus, the area is also well 
suited for bird watchers and for those who have a broad interest in nature as well as geology. 
The name Kjøl means keel, probably since the beach ridge is a protruding element in the landscape similar 
to a boat upside down.  
 

Key words Beach ridge, Glacialisostatic uplift, strandflat 

Accessibility Easy 

Accessible by Car/foot 

Geological phenomena Isostatic uplif, coastal processes 

Age 12 000 years 

Protection None 

Vulnerability Medium 
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 Kjøl today. Photo: JIS 

  Kjøl 15000 yrs ago. JIS
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Nr. 11  Søre Lyklingholmane 
Records of a deep-sea landside  
 
This geosite contains a mixture of deep-sea sediments, volcanic and plutonic rocks as well as later diabase 
intrusions – all formed during more than 20 million years. The island of Søre Lyklingholmane has been a 
small mystery with regards to the geological evolution of Bømlo. It has been discussed to which geological 
unit the rocks here belong, due to uncertainties to how, where and when they formed. Some authors 
even made up an entire new unit belonging to this island only. Recent studies reveal that the rock here 
belong to the immature island arc of the Geitung Unit, dated to 494 Ma, and that these are the sediments 
that were deposited directly onto the oceanic crust.  
The island consists of a 190-meter-thick breccia on top of sheeted dikes and gabbros of the Lykling 
Ophiolite. This breccia forms a series of both coarsening-upwards and fining upwards cycles and is 
interpreted as submarine talus and sediment gravity-flow deposits. It is interbedded with conglomerates, 
sandstones, lutites, cherts and thin layers of tuff. Some of the lutite-chert horizons contain up to 4.5 wt% 
of MnO. The clasts of the breccia range in size from millimeters up to more than 100 meters across. 
Fragments of gabbro, tonalite and dacitic to rhyolitic volcanics have a chemical signature revealing that all 
the clasts of the breccia are derived exclusively from the ophiolite complex. The lower part of the 
sequence comprise mudstone, black slates, cherts and sandstones in turn succeeded by a clast-supported 
breccia containing a variety of clast material. In the uppermost part, the clast are almost exclusively 
gabbros in a clast-supported breccia with extremely little matrix.   
This entire sequence is later cut by basaltic to andesitic dikes belonging to the Siggjo Complex, after 
accretion to the Laurentian margin. 
 

Key words  Deep sea sediment, talus deposit, basaltic intrusions 

Accessibility  Medium 

Accessible by  Boat 

Geological phenomena  Ocean crust   

Age  494 Ma 
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PhD-students from University of Bergen studying deep-marine siltstones and black shales overlain by 
radiolarian cherts and more coarse-grained debris deposits.                          Photo: BS 
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Nr. 13  Lykling gold mines 
 The biggest gold mine area in Norway 
 
Gold was found by a pyrite miner in the visible quartz veins running along the rocky landscape by the 
ocean in 1862.  Early 1880 english miners and -money came to build the biggest gold mine in Norway. 
Appr. 200 kilos of gold was extracted before the last mine was abandoned in 1910. Today there area is 
protected by the municipality, but there is one concession given by the Directorate of Minerals to take 
out 200 tons of rock a year. Actual volume is appr. 1-10 tons, and the activity is held as a hobby and in 
profound respect of the cultural heritage.    
The gold mineralization is categorized as an orogenic gold deposit. It is hosted in the layered gabbro of 
the Lykling Ophiolite as well as in the later intruding tonalite. The mineralization is associated with two 
generations of basaltic dikes that crosscut both plutonic lithologies. The first diking event belong to the 
immature island arc of the Geitung Unit, whereas the other is associated with the later calc-alkaline Siggjo 
volcanics. Based on mineral assemblages, structural characteristics and relationships with the host rocks, 
the gold-bearing veins can be subdivided into two types of mineralization: I) quartz-carbonate veins 
hosted by low-angle ductile shear zones and II) sulphide-rich quartz veins hosted by steeply dipping brittle 
faults. It is suggested that the mineralizing event took place in an extensional regime during orogenic 
collapse of a small orogenic belt, that formed on the Laurentian margin when the oceanic terrane was 
accreted onto the continent around 475 Ma, possibly with the Sunnhordland Batholite serving as a heat 
source. 

  
Key words  Gold mines, gold mineralization, layered gabbro 

Accessibility  Easy 

Accessible by  Car and boat 

Geological phenomena  Gold deposit, deep part of ophiolite 

Age  494-470 Ma 

Protection  Municipal protection as cultural heritage. 

Vulnerability  Low 

Read more  

 
Geological significance Science Education Tourism 

International 0 0 0 

National    

Regional    

Local    

 



 
N 59.7087904 E 5.168361 

 

  
 Veins of quartz at Lykling.                        Photo: Svein Nord           Delluvial gold from Lykling   Photo: BS 
 

 
 
 
 
 
 
 



Nr. 5  Sætrehillaren      

The guardian of the ancient poem  
 

Sætrehelleren is a rockshelter situated in the outfield around 9,5 m.a.s.l. at the bottom of the bay 
Sætrefjorden on the western side of South Bømlo, appr. 50 m from the present shore. The rockshelter 
has been created because of rock fall in a fault zone, and the overhang creates good protection from 
wind and rain. In 1932 a late Iron Age bone comb was found in the shelter, and this led to archeological 
excavations the same year. The excavations showed that it had been used during many archaeological 
periods and consisted of several cultural layers. In the bottom layer from the late Stone Age there were 
remnants of bone fishhooks and a bone needle. Above this layer was a large midden dated to the early 
Iron Age. It contained several artifacts made of iron: a projectile point, a loop for a button, nails, and 
fittings. There were shards of pottery, a whetstone, a bone point and a bronze fibula in this layer. 
Because of the protective overhang, rockshelters often have good conditions for preservation for 
organic material. This was also the case in Sætrehelleren, as numerous shells and bones were found 
during the excavations. In the Stone Age layer, there were a few bones of mammals, birds, and fish. The 
Iron Age layers were richer, and many mammal species were identified: cattle, horse, sheep/goat, seal, 
and otter. Amongst the fish bones, gadids dominated, but there were also wrasses and tusk. The bird 
bone assemblages were surprisingly rich and varied. Marine birds dominated, but there were also 
terrestrial species, such as male capercaillie and peregrine. Interestingly, there were bones of razorbill 
and black guillemot, which are most common in the winter at Bømlo, and the now extinct great auk 
which nested during the spring. This indicates that the rockshelter was used by people during both these 
seasons, even though the occupations may not have been continuous. The site was most likely used as a 
hunting site by fisher-farmers who had their agricultural settlements in the vicinity. 
The bone comb found here is dated to the early 600s AD and was probably deliberately deposited as a 
sacrifice. It is a composite comb fitted together with small iron nails. It has runic inscriptions reading: hAl 
mAz mAunA, Alu naA (A)lu nanA. In Norse this is interpreted together as: hǫll mær má una, ǫllu náa, ǫllu 
nenna, which is translated by the philologist Ottar Grønvik as “leaning maiden may be happy, achieve 
everything, be pleased with everything”. This is surely one of the first love poems known from Norway. 
We regard Sætrehillaren as of International Significance, based on archeology.  
Sætrehilleren is a good example of how rockshelters were occupied as hunting stations during the Stone 
Age. When farms were established during the Bronze Age and Iron Age, they served as nodes for people 
who were hunting, fishing, and herding in the territories of the farms. As such, they played important 
roles to the utilization of local outfield resources. 

  
Key words Rockshelter, Bronze Age and Iron Age dwelling site 

Accessibility Moderate 

Accessible by Footpath 

Geological phenomena Fault xxx 

Age 2300 BC - 600 AD 

Protection Protected by the Norwegian law of antiquities 

Vulnerability High 
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The Sætrehelleren rockshelter.  Photo K.A. Bergsvik                                                     

  
The bone comb, 600 AD.                                 Photo. UiB 
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Nr. 47  Ulvanosa 
A scenic mountain that tells landscape- and glaciation stories 
 

The mountain massif Ulvanosa, located on the western part of the Folgefonna Peninsula, is a spectacular 
destination for hikers. Its landforms provides a school example of how climate, glaciers and bedrock 
geology have shaped the landscape through time and is used as a permanent excursion site for 
undergraduate students in geology at the University of Bergen. This majestic mountain with its distinctive 
appearance rises to a peak of 1246 m a.s.l. Along the steep eastern side there are several bowl-shaped 
cirques formed by small hanging glaciers. The summit is covered by a classical block field, i.e. a several 
meter thick sequence of detached boulders sitting on top of the solid bedrock. This rather chaotic thong of 
detached rocks must have been formed by frost weathering and testifies to minimal glacial erosion. Like 
the summit area of the mountain massif Melderskin further inland, it is probably a remnant of an old 
preglacial surface.  

     
 

It was previously thought that the mountain peak on Ulvanosa was a so-called nunatak that protruded from 
the ice surface during the Last Ice Age.  More recent research suggests that some of the boulders on the 
blockfield on the summit must have been turned over and moved by a former ice sheet that flowed west 
over the mountain top. Cosmogenic nuclide 10Be exposure dating shows that these boulders became 
exposed to cosmic radiation as the ice cover started to melt some 20-18,000 years ago. A long series 
of10Be exposure dating of erratic boulders on the western slopes shows that a fairly large local ice cap was 
present here during the Younger Dryas cold spell. This local ice cap merged with the Scandinavian Ice Sheet 
that at this time filled the fjords. There is a well-marked hiking path that goes several kilometres along the 
ridge of a prominent lateral moraine, named Dyrrinda, that was deposited by an outlet glacier from this ice 
cap.   
The bedrock consists of a coarse crystalline granite that formed 15-20 kilometers beneath the earth’s crust 
more than a billion years ago. Through time, as erosion gradually removed the thick and heavy overburden, 
and pressure was released from within, slightly curved rock fractures formed parallel to the land surface. 
Much later, during the Quaternary, when glaciers and ice sheets cut deep into the pre-glacial landscape, 
these ancient “onion fractures” in the bedrock were intersected by the newly formed valley. This led to 
exfoliation on the exposed mountain sides with the formation of steep overhangs along the cracked sheets 
of rocks. There are frequent avalanches in the spring that tear loose pieces of rock from the cracked 
mountain side and bring them down to the valley bottom, where fans with rockslide material are created.  
 

Key words Glacial erosion and deposition 

Accessibility Difficult 

Accessible by Foot 

Geological phenomena Glacial landscape 

Age Quaternary 

Protection None 

Vulnerability Low 
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Nr. 31  Stordø mines   
Pyrite mines building society 
 
The Stordø mines represent a large sulfide deposit formed by black smokers in an ancient ocean 
basin close to 500 million years ago. The mineralization is characterized as volcanogenic massive 
sulfides (VMS) and represent an ancient analog to what is happening through hydrothermal 
activity along our mid-ocean ridges today. It is hosted in a volcano-sedimentary sequence 
dominated by greenstone, organic-rich shale, jasper, and siliciclastic sediments deposited in a 
back-arc basin. Pyrite and pyrrhotite are the dominating minerals with only minor amounts of 
chalcopyrite and sphalerite. An interesting feature with this deposit is the sulfur isotopic signature 
that reveal bacterial reduction of seawater sulfur. This illustrates the important relationship 
between geological and biological processes on earth. 
Today, 90 kilometers of mining tunnels are open to circulating water causing massive reactions 
between water and the exposed sulfides. This results in acidic conditions with pH down to 2.6. 
Such acidic conditions allow for mobilization of toxic heavy metals that might be transported out 
into the surrounding environments. This illustrates the environmental consequences of mining 
activities and show the importance of regulations and measures to avoid potential environmental 
disasters in the future.  
Mining at Litlabø started in 1865 when pyrite had become a valuable resource for production of 
sulphuric acid H2SO4. Early 1900 belgian and german engineers was involved, and in 1907 Stordø 
Gruber was established with german owners and administration. During the next 100 years a 
mining society was built on Litlabø, with a strong political identity, valuable engineering skills and 
90 kilometres of tunnels in levels down to 750 metres below surface. At the most 400 men was 
employed. When the mining ended in 1968, both engineers and workers became a resource for 
shipbuilding at  Stord Verft (yard).  Now part of the mines and most of the buildings are prepared 
for visitors, being a central site in Geopark Sunnhordland.  
  

Key words  Mineral deposit, deep sea minerals, black-smoker, mining history 

Accessibility  Easy 

Accessible by  Car 

Geological phenomena  Ore mineralization 

Age  490 Ma 

Protection:  Municipal protection 

Vulnerability  Low 
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Guided tours in prepared  tunnels                 Litlabø Gruber 1950’s 

                  
   White and black pyrite.                Photo: Geir Magne Hamnes 
                                            

 
 
 
 
 
 
 
                          



 
 

Nr. 50  Attramadal   
One of Norway’s oldest metallic ore mines 
 
The Atramadalen area is perforated with old mines, some of them easy to visit. The ore is mainly 
composed of pyrite, chalcopyrite and sphalerite, formed by hot metalliferous water circulating in the 
rocks near volcanoes on the sea floor. These events took place in Cambro-Ordovician times, when sea-
floor spreading formed oceanic crust in the ancient Iapetus ocean.  
Copper was the main commodity mined in Atramadalen. The first known mining period was 1654-1673. 
Later, copper was also mined 1760-1785 and 1851-1860, but from then on until final closure in 1919, 
pyrite for production of sulfuric acid was the main product. The ore has high content of sink that was 
never mined. The mines were the fist in Norway (1655) to employ explosives (black powder) in the 
mining operations.  
It is possible to visit several of the old mines, along a mining path also passing waste heaps and remains 
of buildings and roads. When visiting underground mines one should take care and be aware of possible 
rock fall.  
 

Key words  Mineral deposit, deep sea minerals, black-smoker, mining history 

Accessibility  Easy 
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Geological phenomena  Ore mineralization 

Age  490 Ma 
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Vulnerability  Low 
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Hillerhuset, Attramadal.                 Photo:  Oddleiv Apneseth 

 

 
The shape of an old mine follows the inclined layer of ore (rusty brown and black colour).  
Photo: T. Heldal 

 
 

 
 



 
 

 

Nr. 39  Russøy 
Medieval secrets on a small island 
 
In the middle of the idyllic small island of Russøy, there is a big hole in the bedrock half-filled with water. 
In front of the hole is a heap covered by vegetation, but in between we may find small, broken pieces of 
soapstone. Down by the sea is a small cave, and on its walls we can find tool marks from carving out 
round pieces of soapstone rock. The overgrown features of the small island are quarries and remains 
from stone working, left around 800 years ago, probably by the monks of the Munkeliv Monastery in 
Bergen. The large hole is actually a lens-shaped hole, like an imprint of the lens shaped soapstone 
resource that was once there before the monks exhausted it.  
Soapstone was a valuable resource in Norway in medieval times and before. This talc rich rock is easy to 
carve and thus making excellent building stones. It has also a brilliant capacity for storing heat, and was 
therefor a highly important material for cooking pots.  
Soapstone has a long and difficult geological travel history. When heavy, iron-magnesium rocks from the 
earth’s interior are moved upwards in the crust by plate tectonic forces, they are gradually transformed, 
first by hydrating to serpentinite, and then further transformation to soapstone by adding CO2. During 
mountain-building processes, such pieces of mantle rocks can be emplaced in rock units far from their 
formation, as strangers on a tectonic train. This particular soapstone is emplaced like a solitary body 
within sea-floor sediments (sandstones), tilted to a vertical position.  
The small island thus reveals not only the story of an effort to build a medieval monastery, but also the 
far longer story of the making of the resource so appreciated by our ancestors.  

 
Key words  Soapstone, Middle ages, quarry 
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A mysterious, water filled hole                        Investigations 2003, empty of water 

 

   
Wood constructions hidden in the mud, aiding                 Trial ashlar extraction           
transport of blocks from the deep quarry.   
(excavations 2003) Photos: Tom Heldal 

 
 
 
 
 
 
 



 
 
 

Nr. 12  Urda   
A main source for Medieval buildings in the west 
 
The Urda quarry appears today as a vertical wall with many marks from ancient quarrying of soapstone 
ashlar blocks. This quarry is considered to be the main soapstone source for the Moster Church and 
most of the medieval churches and monasteries in Bergen before 1160. At that point, the resource was 
most likely depleted, and soapstone production moved elsewhere.  
The quarry is a good spot to view soapstone rocks, typically composed of talc, brown (iron-rich) 
carbonate and some dark minerals such as magnetite and chlorite. Just behind the quarry face, the soft 
soapstone transfers into much harder serpentinite, the rock soapstone was formed from. Both the 
serpentinite/soapstone and the gold bearing gabbro in the area represent remains of the deeper level of 
the ancient oceanic crust once formed in the Iapetus oceans 500 million years ago.  
The area between the quarry face and the road conists of mounds and layers of waste from the 
soapstone production. We have to imagine that the quarry started close to the road, moving gradually 
towards the north as soapstone rock was gradually transformed to usable blocks and waste from 
producing them. The Urda quarry was a large and steady source for soapstone through many years, 
possibly owned by the King. 

 
Key words Soapstone, quarry 

Accessibility Easy path from shore 
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Geological phenomena Ophiolite, geological resource 
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Quarry face to the right and grass covered layers and heaps of waste in front.                    Photo: Tom Heldal 

   
 1. Tool marks from extraction of ashlar blocks, appr. 1160.                                                             Photos: BS 
2. Loom weight from 1960’s       
3. Trace from earliest production of kettle  
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Nr. 42  Seløy marble mine 
Cool marble mine 
 

Sunnhordland was an important area for mining marble for lime burning. There are many small mines in 
the area, several on small islands. The Seløya mine is one of the most spectacular, where an inclined layer 
of marble has been hollowed out by underground mining. There are several entrances to the mine, 
separated by columns of remaining marble. The initiation of the mine probably dates back to the 17th 
century. The marble was transported to the mainland, where pieces became calcinated in a lime kiln. In 
such a process, calcium carbonate is transformed to quicklime (calcium oxide). When quicklime is mixed 
with water to slaked lime (calcium hydroxide) it can be used in lime mortar. When drying, the slaked lime 
transforms to calcium carbonate, i.e. limestone.  
The marble at Seløy were formed during the Ordovician period for c. 470 mill. years ago, deposited as 
limestone layers in a shallow marine environment. During the Caledonian orogeny, the limestone was 
transformed to marble under conditions of high pressure (10-15 km depth) and temperature (c. 400 °C).  
The mine is easy to access from the shore, but to get there a boat is needed. The area is much used for 
kayaking and other leisure activities involving small boats. Care should be taken when moving 
underground, avoiding periods with heavy rainfall and around freeze-thaw periods in autumn and spring. 
 

Key words Marble, mine 
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Marble layer and mine entrances seen from boat. 

 

 
View of the underground mine.              Photos: Tom Heldal 
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Nr. 46  Vannes   
Remnants of an ancient continental arc 

Just NE of Skånevik, there are successions of rocks displaying evidence of an ancient, continental arc of 
Andes type, named in the literature as the Suldal Arc. The rocks connected to this event are granitic and 
gabbroic (as deep crustal plutonic rocks), volcanic rocks and sedimentary rocks formed in basins related to 
the arc. 
In the Skånevik area, it is possible to take a trip downwards in the crust, from volcanic rocks on the ancient 
surface, to deep crustal gabbroic rocks. The latter are penetrated by diabase dykes, probably representing 
feeders to the volcanoes on the surface.  
Little research has so far been carried out in these rocks, but this may change in the near future.  
 

Key words Gabbro, diabase, volcanic rocks, Suldal Arc 

Accessibility Road access 

Accessible by Car/foot 

Geological phenomena Continental arc 

Age 1500 Ma 

Protection None 

Vulnerability Low 
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Diabase feeder dyke (middle) in gabbro, solidified before reaching ancient volcanoes at the surface. 
Photo: Tom Heldal 
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Nr. 23  Ospholmsbleikja 
Quarry in granodiorite 

 
Ospholmsbleikja is one of the many small islands in the geopark where granite was quarried between 1860 
and 1930. The quarries delivered granite to buildings, roads and docks in Bergen. The famous quay Bergen 
Brygge, owning World Heritage-status, is built of granite from this area. Also, the signature building 
Kjøttbasaren in Bergen is built of granite from the geopark. Ospholmsbleikja was in fact the largest 
workplace in the Bremnes municipality around 1900, producing predominantly paving stones.  
The correct geological definition of the rock is granodiorite, and it was formed from molten magma deep 
under an island arc 466 mill. years ago. Granitoid rocks (granite, granodiorite, tonalite) are hard and brittle 
rocks, easy to split and break, and also extremely durable as building-stone. Thus, they could be produced 
by manpower and good tools, and such resources were therefore highly attractive income for people living 
in the area. One of the pioneering stone quarrymen in the area, Eino Taipale, left his signature on the 
granite surface. 

 
Key words Granite, quarry, granodiorite 

Accessibility Easy  

Accessible by Boat  

Geological phenomena Deep plutonic magmatism 

Age 466 Ma 

Protection Coastal zone protection 

Vulnerability Low 
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 Ospholmsbleikja granite quarry.   Photos: BS + unknown  
        

  

   
Almost ready window frame            Eino was here, 273.7.'29 (signature in the quarry).             Photo: BS                                  
left behind.       
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Nr. 45  Skånevik  
Prominent moraines on display along the Path of Love  
 

In the idyllic village of Skånevik there are some prominent moraine ridges that were deposited by a 
fjord glacier during the Younger Dryas cold spell (12,800-11,600 yrs ago) when the Scandinavian Ice 
Sheet made a major readvance along a broad front. During this readvance, an outlet glacier flowed 
into the fjord trough of Åkrafjorden and then turned into the embayment at Skånevik where large 
moraines were deposited on the north-facing slopes. From here, the ridge system crosses the Skånevik 
Fjord, where there are up to 150 thick glaciomarine that accumulated on the sea floor in front of the 
ice sheet.  The moraine ridges in Skånevik, that are up to 20 m high, stand out most clearly in the area 
between the stream Milja and Valdra. This is in a scenic area with well-prepared trails that are passing 
through and old planted beech forest, supposedly one of the northernmost of its kind in the country. 
At the farm Tjelle not far away one can see clear marine beach terraces up to a level of 83-84 m a.s.l. 
which reflect the former sealevel when the ice front terminated in Skånevik 11,700-11,600 years ago. 
A marked marine terrace just below this level is carved into the end moraine. These sites are all easily 
accessible and there are opportunities for accommodation in a comfortable fjord hotel close by. 

 

Key words  

Accessibility Medium 

Accessible by Boat and foot path 

Geological phenomena Island arch magmatic processes, geomorphology 

Age Ordovicium 

Protection None particular 

Vulnerability Low 

Read more  
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The glacier leaving the moraine at Tjedla by Mjelva-river.  

 
 

  
                    Photo: Erik Kvalheim 
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Nr. 18   Steganeset 
Peculiar weathering in Scandinavian context 
 
As there are ongoing research trying to reveal remains of Mesooic, deep weathering at Bømlo, every 
indication of non-glacial, chemical weathering of rocks are severely scrutinized. At Steganeset, it is possible 
to view granite weathering, displaying rounded edges typical of long-lasting chemical weathering 
processes, deviating from the typical glacial erosion most frequently seen in Norway. 
Such geosites raise questions: is this a deviating pattern of post-glacial (e.g. 12.000 years) chemical 
weathering, or is it an example of Mesozoic weathering (i.e. 200 million years) that has survived the brute 
action by many glacial periods? Or, perhaps, a combination; the granitic rocks could have been weakened 
by chemical weathering in Mesozoic times, made ready for rapid chemical weathering in the Quaternary.  
There is no clear answer to Steganeset yet, but the geosite may serve as an example of a site still carrying 
important questions to the scientists, a piece of the puzzle named the Earth still waiting for explanation.   

 
Key words Weathering, granodiorite 

Accessibility Easy, short walk from road 

Accessible by Car and by foot 

Geological phenomena Weathering, landscape formation 

Age Uncertain 

Protection Coastal zone protection 

Vulnerability Medium 
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Post-glacial chemical weathering in exposed granite.               Photo: BS.  
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Nr. 51  Bergspytt 
Soapstone quarry for two medieval churches.  
 
Soapstone is formed by alteration of iron-magnesium rich rocks, such as peridotite and gabbro. The 
resulting soapstone is soft, “soapy” (due to the talc mineral), easy to carve and a durable building 
material. It was also the preferred material for cooking vessels in Norway in ancient times. At Bergspytt, 
there is a small soapstone quarry, most of it untouched since the 13th century, when the stone was 
used to build two churches: the Kvinnherad and Ænes churches.  
The former church is within walking distance to the quarry (about 2 km), and thus the area is one of few 
places in Norway where it is possible to view a medieval church and the quarry where the building-stone 
came from during a Sunday walk.  
In the quarry, it is possible to see marks from heavy picks, applied for carving channels around blocks to 
be extracted. The blocks were released completely by inserting wedges in the bottom of such channels.  
The soapstone is a remaining piece of rocks once forming a continental arc of Andes type for 1,5 billion 
years ago, altered from plutonic gabbro intrusions. 
 

Key words Soapstone, quarry 

Accessibility Easy 

Accessible by Path along the shore and boat 

Geological phenomena Continental arc 

Age 1500 Ma 

Protection Cultural heritage protection 

Vulnerability Low 

Read more  
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Remaining ashlar blocks on the quarry face, and tool marks from heavy picks. 

 

  
Ænes church             Kvinnherad church 
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Nr. 30  Sagvåg school 
The youngest rocks of our geopark 

 
In the school yard of Sagvåg school you can study the conglomerates of the Utslettefjell Formation, the 
youngest rocks represented within our geopark. This massive unit of conglomerate make up an entire 
mountain (Utslettefjell) on the island of Stord and can easily be spotted in arial view due to sparce 
vegetation. Beautiful exposures of the conglomerate can also be seen from the sea, where the waves 
constantly polish the geological secrets.  
The conglomerate is deposited on top of fossiliferous strata of lower Silurian age (440 Ma) and consist of 
alternating fine to coarse grained clasts with some sandy layers in between. The clasts of the 
conglomerate comprise a range of lithologies such as quartzite, granitic rocks, gabbro, volcanics, jasper 
and some limestones. Such a variety of rock fragments give us important geological information regarding 
the formation and deposition of the conglomerate. The volcanic fragments are sourced from the ophiolite 
while the granitic and gabbroic fragments belong to the later intruding Sunnhordland Batholite. This tells 
us that these older lithologies must have been uplifted and exposed for erosion prior to deposition of the 
conglomerate. Zircon provenance of sandy layers within the conglomerate reviled large age populations 
belonging to the Precambrian basement of the Baltic continent. These results suggest that the terrane 
was close to the edge of Baltica at the time of deposition. Information like this is crucial for building our 
understanding of the geological evolution of these complex areas. 

 
Key words  Sedimentary processes, conglomerate 

Accessibility  Easy 

Accessible by  Car and boat 

Geological phenomena  Conglomerate 

Age  440 Ma 

Protection  None 

Vulnerability  Low 

Read more  
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Conglomerate in the schoolyard of Sagvåg primary school. 
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Nr. 57 Bondhusdalen 

Bondhusdalen – a Quarternary geological trek along the historic Ice Road 
 
Bondhusdalen is a valley that empties into Maurangerfjorden, a side arm of the Hardangerfjorden. The 
valley leads up to an outlet glacier of the large Folgefonna Ice Cap. This area has been a magnet for 
tourists since the middle of the 1800s. Here is a well-prepared path that start from the parking lot at the 
farm Bondhus at the bottom of the valley. This “ice road” was built in 1863 for transportation of ice blocks 
from the glacier and down to the fjord where they were shipped to other countries. The path is 
surrounded by beautiful and wild nature with steep mountains and foaming waterfalls. A hike here is a 
wandering through a landscape which by its Quaternary geology provide insight into how it is formed and 
affected by a changing climate. One can see and study clear traces of glacier fluctuations as well as 
extensive landslide and flooding events. Near the mouth of the valley there are distinct end moraines 
with the remains of an associated glaciomarine delta at 95-98 m a.s.l that accumulated in front of a valley 
glacier at around 11,300 yrs ago when the ice sheet in the main fjord was in retreat. The current ice cap is 
not a left over from the Ice Age but formed in response to colder climate that set in 3-4000 yrs ago. In the 
last kilometers in front of the Bondhusbreen glacier there are several younger moraine ridges that dates 
from the time just after the cold Little Ice Age.  
The Folgefonna Ice Cap is today also an important resource for hydroelectric power production. It may be 
mentioned here that water draining under the glacier Bondhusbreen is caught in diversion tunnels that 
were constructed in the 1970s and is now exploited in the Mauranger Hydroelectric Power Station. To 
avoid coarse glacier-carried material from been flushed into the water collecting tunnel, a large 
sedimentation chamber was constructed in the bedrock underneath the glacier stream and which must 
be emptied at regular intervals. This devise has provided the basis for quantitative studies of subglacial 
sediment transportation and for the determination of glacial erosion rates and processes related to 
glacier activity.  
Bondhusdalen is currently actively used as an excursion destination for students in geology courses at the 
University of Bergen. This includes outdoor teaching in glacial geology, geomorphology, landslides, fluvial 
process and deposits.  The valley not only provide a nature experience but is also a well-suited laboratory 
for process understanding.  

 
Key words Glacial terrain 

Accessibility Easy. 20 minutes walk on gravel road 

Accessible by Foot 

Geological phenomena Glacial geomorphology 

Age Quaternary 

Protection National Park 

Vulnerability Low 
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 Bondhusdalen geosite seen from North (left) and South (right).                              Photos: Jan Rabben 
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Nr. 33  Dalskarvatnet 
The best-preserved fossil locality in Western Norway 
 
This geosite is like a natural history document telling the stories of important events on land as well as 
in the ocean. The presence of fossils indicates that parts of Norway was at this time covered by an ocean 
full of life. The fossils found at Stord are related to fossils of similar age found in northern America. 
Geologists use this as evidence for that when these animals were alive, the bedrock of Stord was located 
closer to America than it is today.  
Fossils are rarely preserved in Western Norway due to the metamorphism and deformation during the 
Caledonian Orogeny. In the area around Dyvikvåg, fossils of late Ordovician to early Silurian age were 
discovered 140 years ago by Hans Reusch. The fossils are tracers of sea lilies, moss animals, corals, and 
algae. Examples of brachiopods and trilobites has also been found around the Dalskarvatnet. There are 
still fossils to be found for those interested in looking.  These fossil-rich limestones represent the base of 
a sedimentary sequence deposited in a marginal basin around 440 Ma. The limestones are overlain by 
graptolite-rich schists and the conglomerates of the Utslettefjell. Beautiful exposures of radiolarian 
cherts can also be found in the area, representing a deep marine deposit from when diatoms producing 
silica peel dominated the production in the upper water masses.  

 
Key words  Limestone, fossils 

Accessibility  Easy 

Accessible by  Car and boat 

Geological phenomena  Fossiliferous strata 

Age  440 Ma 

Protection  None 

Vulnerability  Medium 

Read more  
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             Fossils from the Dalskarvatnet.           Photo from GRIND/Jan Rabben 
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Nr. 17   Tverråno   
The real evidence that Bømlo is American 

This geosite is one of the most important scientific localities for the development of our geological 
understanding of the area. It provides critical information regarding the affinity of different rocks as well 
as timing of key tectonic events.  
The locality consists of an S-type granite, or a migmatite complex. An S-type granite is a granite formed 
from melting of sediments. Remaining parts of the sedimentary sequence can today be studied as 
inclusions within the granitic melt, as the sediments were only partially melted. The sediments consist of 
quartzites, shales and carbonates. Zircon provenance of these sediments reveal a Laurentian source, with 
a dominating population of zircons with Archean age. Here, the oldest minerals in Norway have been 
found – zircons dated to nearly 4 billion years. The provenance signature of the Bremnes Migmatite 
Complex is identical to a sedimentary sequence found in Scotland today (the Dalradian Supergroup), 
suggesting that these Laurentian deposits were melted forming the migmatite. The migmatization has 
been dated to 477 Ma suggesting that the island arc was in contact with the Laurentian margin at this 
time. The migmatite is later intrudes by water-rich appinites and the Vardafjell Gabbro (472 Ma) possibly 
leading to re-melting along the intrusive boundaries.  
These findings lead us to the conclusion that the island arc collided with the Laurentian margin around 
477 Ma probably forming a small orogenic belt. The later collapse of this orogen and subsequent rifting 
lead to the formation of the calc-alkaline Siggjo/Kattnakken volcanics (474 Ma). At the same time, a deep 
crustal magma chamber produced the intruding Sunnhordland Batholite forming the Vardafjell Gabbro 
(472Ma) ending with granitic intrusions (Rolvsnes granite) around 468 Ma.  
For those interested in looking for minerals, this geosite is worth a visit. Within the migmatite, pegmatitic 
dikes with large micas and tourmalines are present. If you look closely, quartz-veins containing large 
tourmalines can also be found in the area. Large cubic pyrites has also been observed.  
 

Key words  S-type granite, migmatite, melting of sediments 

Accessibility  Easy 

Accessible by  Car 

Geological phenomena  S-type granite 

Age  475 Ma 

Protection  None 

Vulnerability  The outcrop is highly oxidizing and needs protection/maintenance 
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Migmatite with sedimentar inclusions.                        Close up of an inclusion of a quartz-feldspar 
sandstone.  

 

  
  Quartz-rich inclusion.        Tverråno geosite                           Photo: BS 
  Photos:  Håvard Stubseid            
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Nr. 43   The Halsnøy Moraine 
A large scale Ice Age monument at the mouth of Hardanger fjord.  
 
Across the mouth of Hardangerfjorden there is a prominent end moraine formed during the Younger 
Dryas (12,800-11,600 yrs ago) cold spell at the very end of the Last Ice Age. It forms part of a major end 
moraine system that can be followed all around Scandinavia. This mighty ridge, which curves slightly 
outward across the fjord, extends over the island Halsnøy. The moraine can be followed further north on 
the seafloor before reappearing on the island Tysnes and the opposite side of the fjord. A large part of the 
moraine ridge consists of glacially derived clay and silt mixed with sand and a high concentration of 
gravel, stones, and boulders.  In the central and deepest part of the fjord through major meltwater river 
emerged from the underneath the ice front. Large amounts of sand and gravel were deposited here along 
the ice front, while the more fine-grained fractions were transported in suspension further out in the 
fjord.  A prominent gravel ridge up to a hundred meters high was deposited on the seafloor across the 
fjord on top of an equally thick sequence of glaciomarine clay.  This part of the ridge forms the habitat for 
protected reefs of deep-water corals, and which are of significant scientific interest.  Marks from the edge 
of the glacier can be seen from distinctive lateral moraines on the south side of the fjord. They are 
confidently correlated with the Nordli Moraine geosite (800-900 m a.s.l.) NE of the village Rosendal.  
A large part of the Hardanger fjord became ice free soon after 14,000 yrs ago when the ice sheet was in 
full retreat. A thousand years later, the ice sheet readvanced on a wide front in response to colder 
climate. Pre-existing clayey sediments were scraped off the seafloor and pushed up in a mighty moraine 
ridge by the advancing ice sheet.  With the help of lake coring, it has now been shown that the Halsnøy 
Moraine formed at the very end of the Younger Dryas at around 11,600 years ago.  
Halsnøy Monastery, a house of Augustinian Canons was established here in 1163, presumably due to the 
good agricultural potential of the moraine soil. It became one of the richest monasteries in medieval 
Norway. The monastery ruins and exhibitions are a good starting point for exploring this island.   
 

Key words Morraine, glacial deposition 

Accessibility Easy 

Accessible by Car and by foot 

Geological phenomena Moraine 

Age 11,600 

Protection Coastal zone protection 

Vulnerability Medium 

Read more  

 
Geological significance Science Education Tourism 

International O O O 

National    

Regional    

Local    



 

 
N 59.7880166 E 5.6929914 

 

Halsnøy, Folgefonna glacier on top.  The monastery far left.                                           Photo: Jan Rabben                                                                      

 
 
 
 
 
 
 
 



Nr.59  Langfoss 
A spectacular waterfall that plunges into the fjord branch Åkrafjorden 
 

Rapidly flowing rivers and spectacular waterfalls are integrated in the fjord landscape and have since the 
beginning of the 19th century attracted tourists.  Many of the original watercourses are now regulated for 
hydropower production, and the former waterfall are channeled in pipes into the powerplants. 
Fortunately, some have been protected and can still be admired where they flow in their natural 
riverbeds. One of these attractions located in the geopark is the spectacular Langfossen that plunges into 
Åkrafjorden (see picture below).  It is among the tallest waterfalls in Eurasia veiling a total drop of 612 m, 
and is ranked by CNN Travel as one of the 10 most beautiful waterfalls in the world. Instead of falling in a 
straight drop this waterfall maintain the contact with rock all the way down to the fjord, that here consist 
of well-exposed Precambrian granite belonging to the Sirdal Belt. The masses of water that splash 
towards the steep mountain side generate a distinct misty haze of droplets high in the air. Langfossen can 
be viewed along its entire length along a well-marked hiking trail that start at a parking lot and picnic area 
by the main road (E134). The walking path leads up to an abandoned summer pasture farm high up in the 
hillside and with several unique vantage points towards the waterfall, the fjord- and mountain landscape. 
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Photo: Helge Sunde 



Nr. 21 Ørnavikehaugen  
Unique road through unique landscape 
 
The narrow road up north on Bømlo leads through a barren landscape of granodiorite islands and 
skerries, connecting places that previously could only be reached by boat. The strandflat archipelago is 
at its best here, a myriad of granitic islands displaying naked rocks and little vegetation. In Norway, 
granitic rocks are not fertile, and these environments were hostile to agriculture. Only the most 
sheltered, sediment-filled valleys could sustain some crops. People living in this landscape thus needed 
to rely on other resources, such as fisheries, or the granitic rocks themselves, as building-stone.  
Although the whole length of the road displays an impressive landscape, the Ørnavikhaugen site is a 
good place to stop and enjoy the views. Of the granodiorite itself, with colourful pegmatitic veins, or 
the archipelago, sculptured by glaciers and other erosional processes.  

 
Key words Granodiorite, pegmatite, archipelago, landscape 

Accessibility Easy, by the road 

Accessible by Car 

Geological phenomena Island arc, Plutonism, Landscape 

Age 466 Ma 

Protection Coastal zone protection 

Vulnerability Low 
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  The archipelago sheltering the houses from the North Sea.                                   Photos: BS  

        
 Good parking facilities and short walk to wiewpoint.                               Pegmatite on the parking spot.  

 

 
View of barren granodiorite islands from the geosite.                                Photo: Tom Heldal  

 



Nr. 44  Etne terraces  
A glaciomarine delta where a King was raised 
 

The agricultural village of Etne is situated in an open valley that leads down to the fjord branch 
Etnesjøen, SE of the mouth of the Hardangerfjord.  Here are thick Quaternary deposits and 
characteristic landforms which are particularly well-suited for explaining the geological history and 
the processes that have shaped the landscape.  Most of the sediments originate from the end of the 
last Ice Age and are the products of glacier fluctuations and roaring meltwater rivers that emptied in 
the sea. As a result of the subsequent glacio-isostatic land uplift, the river that flows through the 
main valley has cut deeply into the original ice age landscape leaving a series of distinct terrace steps. 
The highest and most extensive terrace (72-80 m a.s.l.) on which the farm Stødle is located, emerges 
as a particularly distinct landform. At the outer edge of the terrace surface is the Bronze Age rock art 
panel Helgaberget, which consist of large amounts of cup marks, circular figures, and horseshoe-
shaped forms. A few hundred meters from this site was a sacrificial site for a large bronze neck ring, 
which also dates to this period. The Etne terraces has one of the largest concentrations of burial 
mounds from the Bronze Age and Iron Age in western Norway. Furthermore, in the early Middle Ages 
around 1160 the Stødle stone church was erected here.  To underline the importance of the place, it 
can be mentioned that Magnus Eriksson, crowned as King of Norway in 1161 at Halsnøy Monastery, 
was raised in Etne. The fact that this has been the seat for the society’s supreme elite and a place for 
warship and burials must be attributed to the soil’s suitability for agriculture. The geological 
resources have thus provided a basis for an economic surplus and thereby also concentration of 
power and wealth for almost four thousand years. 
The thick sequence of sediments that lie below the terrace surface is exposed in a large gravel pit. 
The stratigraphy revealed here shows that the sediments accumulated in a large glaciomarine sandur 
delta. Here in the cliff walls one can clearly see sloping foresets below horizontal topsets which in 
turn is covered by glaciofluvial outwash gravel capped by a till bed. This deltaic sequence 
accumulated in front of the Scandinavian Ice Sheet which during the cold Younger Dryas period had 
made a great readvance and now sent major outlet glaciers down into the upstream valleys 
Stordalen and Littledalen. On the surface of the delta there are moraine lobes which show that the 
ice front in the final phase of the Younger Dryas made a last spurt and eventually spread out over 
parts of the delta. Large amount of sand and gravel have been quarried through decades from this 
thick deposit and thus also in this way served as important geo-resource for the local community.  
 

Key words Glacifluvial delta 

Accessibility Easy 

Accessible by Road 

Geological phenomena Glacial processes, fluvial processes 

Age Quaternary 

Protection None particular 

Vulnerability Low 

Read more  
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Etne.  agriculture, Bronze Age petroglyphs and the large gravel pit where the topset and foresets in 
the former glaciomarine delta are exposed. Photos: K.A. Bergsvik/ John Inge Svendsen/Grind 
 

 
 
 
 
 



Nr. 24  Idledalen 
Bømlo in the tropics 
 
Recent research has revealed the possible existence of remains of Mesozoic landscape elements 
within the modern Quaternary one. The research was triggered by the discovery of petroleum within 
porous, deeply weathered granitic basement beneath the sedimentary rocks in the North Sea (Utsira 
height). Bømlo became a field of research for investigating such ancient deep weathering, from a 
time when the rocks were situated much closer to the Equator than today. One of the most 
important research questions was to find remains of deep, chemical weathering with fracture zones 
in the hard, granitic bedrock, that had “survived” the Pleistocene glacial erosion. Such clayey 
weathering soil is called saprolite. The next step was to do geochronological dating of the clays (K-Ar 
method). 
The Idledalen geosite is one of the key localities for this research. Visually, the site displays saprolite 
around rounded granodiorite blocks within a broad fracture zone, typical of tropical/sub-tropical 
weathering. Mineralogical investigations by x-ray diffraction (XRD) revealed the transformation of 
primary minerals into the clay minerals smectite and kaolinite. The geochronology gave an age of the 
clay formation of 210 million years, i.e. the Triassic Period, when early dinosaurs ruled the Earth.  
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Schematic drawing of how Mesozoic weathering may have survived the brutal glacial erosion during 
the Pleistocene (from Olesen et al. 2007) 
 

 
The Idledalen geosite and sampling site for saprolite (from Fredin et al. 2017) 
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Nr. 19  Goddo fault 
A fault carrying evidence of a complex history 
 
The Goddo fault stands in the terrain as a minor structure, planar zones with fractured rock and 
clayey zones along the road. Research has proven that this structure has a long and complicated 
history.  
Although unspectacular in view, the Goddo fault has shown to reveal deep secrets about its 
formation. Several zones of clayey gouge formed by fault movements have been dated by the K-Ar 
method, revealing a complex history. The earliest phase of action was in the Permian period (265 
Ma). The next phase was Triassic, 200 Ma., and the latest, datable period was Early Cretaceous (125 
Ma). This shows some of the complexity related to the Norwegian geological evolution in between 
periods of major events.  
Most of all, it shows that even non-spectacular sites, perceived by most people as “badly fractured 
rock”, can carry crucial information related to the Norwegian landscape formation.  
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