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Geological Summary
The Golden Geopark of Lapland is situating on Precambrian granulite bedrock, formed about 1,900 million years
ago. Gold in the bedrock formed gradually over a course of millions of years. Glacial till deposits contain gold
grains loosened from the bedrock. During deglaciation, around 10,500 years ago, melt water played a significant
part in enriching the gravel deposits along the shores of the rivers Ivalojoki and Lemmenjoki and their tributaries,
with gold nuggets from till. They are the result of being repeatedly eroded, transported and deposited as placers
by the flowing water.
The gold history of Finnish Lapland begins in 1868, when the first discoveries of gold nuggets were made in
Ivalojoki. It led to a great gold rush. Gold mining was at its busiest in 1871 when nearly 57 kilograms of gold were
found. The great gold rush ended within a few years, but the nonprofessional prospecting still continues today.

B. GEOLOGICAL HERITAGE
1. Location of the Proposed Geopark
The area of the Golden Geopark of Lapland is 5125
km2 and it is situated in Northern Lapland, c. 250
kilometres north of the Arctic Circle. Highway E75
runs close to the east edge of the Geopark, and there
are only a few roads, as is the case for the whole of
Lapland. There are several watercourses within the
Geopark, such as the Ivalojoki and Lemmenjoki rivers,
together with several other rivers and lakes, and
also some parts of Lake Inari. Otherwise the area is
a sparsely inhabited wilderness, the typical features
of which are northern coniferous forests and wide
mountain fells.
The Geopark is a part of two separate municipalities,
Inari and Sodankylä. The parkarea begins south of the
community of Vuotso in Sodankylä, and parts of the
Urho Kekkonen National Park and the Sompio Nature
Reserve are also in the south part of the area. In the
north the area borders with the Pielpajärvi Wilderness
Church located north of the village of Inari. The church
is the northernmost site within the Geopark. The west
part of the area contains parts of the Lemmenjoki
National Park, and also the many gold historical sites

of the Lemmenjoki region are there. In the centre of
the park area is another important concentration of
sites, the Ivalojoki river valley, and this is also a part of
the Hammastunturi wilderness area.
The longitude and latitude coordinates are as follows:
West 25°24’8”E
North 69°9’47”N
East 27°54’37”E
South 67°51’49”N
The enclosed map shows the exact location and area
of the Geopark.

Arctic Circle

The Golden Geopark of Lapland is situated c. 250 km north of the arctic circle.

The area of the Golden Geopark of Lapland.
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2. General Geological Description of the Proposed
Geopark
Geological history of the Golden Geopark of Lapland
and descriptions of geological sites
Peter Johansson
Geological Survey of Finland
The Golden Geopark of Lapland is situated in northern Finnish Lapland, 250–300 km north of the Arctic
Circle. It is one of the most unique wilderness areas in Northern Europe. The heartland of the area comprises
dozens of gently rounded, rocky, barren fell tops above the timberline. Most of the tops reach an elevation of
500 metres. The highest fell, Morgam-Viibus is 599 metres high. The north-western part is part of Lemmenjoki
National Park, which was established in 1956. With an area of 2,855 km2, it is the largest in Finland. The
eastern part is in Urho Kekkonen National Park. The central area is in the Hammastunturi wilderness area.
The main water divide, which separates the waters flowing into the Baltic Sea from those flowing into the Arctic
Ocean, is situated in the southern part of the area.
Regional differences in vegetation are remarkable. The southern part is characterized by spruce- and
pine-covered fells interspersed with vast, watery bogs. The pine-covered hilly area is crossed by the river
valleys of Ivalojoki and Lemmenjoki and their tributaries. The north-eastern part around Lake Inari is lacking
in spruce forests, because it is outside of the northern limit of continuous spruce forests. The coniferous forest
zone reaches an elevation of 300–350 metres, depending on the steepness and direction of the slope. On
warm south-west-facing slopes, the forest reaches higher than on cold northern and north-eastern slopes.
The exposed fell tops begin at an elevation of about 360–400 metres. Between them
and the coniferous forests, there is a narrow zone of fell birch scrub.
Rivers flow in ancient preglacial valleys that are part of a fractured zone in the Precambrian bedrock.
The Ivalojoki river begins from the watershed near the Norwegian border, and stretches some 180 kilometres
through wilderness areas, merging with dozens of small streams and tributaries along its length. For a distance
of some ten kilometres between the tributaries of Appisjoki and Sotajoki, Ivalojoki flows through a canyon up
to 150 metres deep (Fig 1). The flow of the river alternates between slow-moving pools and raging rapids.
The most significant placer gold deposits can also be found there. After the gold-mining area, the river forges
ahead in the wide valley towards Lake Inari. In the Lemmenjoki area, the landscape is dominated by the
Maarestatunturit and Viipustunturit fell ranges. The Lemmenjoki canyon, with the Lemmenjoki river flowing
along its floor, crosses the fell area. The river turns into a ribbon-like chain of lakes.

The ancient bedrock and gold deposits
The Precambrian bedrock belongs to the Granulite Zone of Lapland. It arches from northern Norway through
the Geopark area and on to the Kola Peninsula in Russia. The most common rock type is quartz-feldspar
gneiss, which is pink and grey in colour. The main constituents of the quartz-feldspar gneiss are quartz,
microcline, biotite, graphite and garnet, a distinctive dark red mineral. The rock originates from layers of
sediment built up on the ancient seabed and from volcanic ash and lava, which, during orogenesis some
1,900 million years ago, ended up deep in the Earth’s crust under tremendous forces of pressure and heat.
Thereupon a high mountain chain was formed. The rock’s present-day mineral content and its strong schistose
appearance were formed under those conditions. They are especially visible in the barren rocks of the fells
and in the rock walls of the Ivalojoki and Lemmenjoki canyons. The granulite zone also consists of areas of
quartz-diorite gneisses and hyperstene amphibolites. In the south, the area on the margins of the Granulite
Zone consists of granitic gneiss and banded hornblende gneiss. Granites of the Nattanen type intruded on
the older rocks about 1,750 million years ago. The main constituents of the granite are found to be microcline
showing amounts of plagioclase and quartz. The single dark constituent of the rock is brown biotite, which has
partly been altered to green chlorite. An exceedingly regular, perpendicular jointing and a horizontal banking are
characteristic of this rock.
Gold deposits in the bedrock also formed gradually over the course of millions of years. Recrystallisation of the
bedrock evidently formed lenses consisting of quartz, sulphides and gold. Where there was magma, there were
hot hydrothermal solutions capable of dissolving gold, which was present in small quantities in the surrounding
rock. As temperatures dropped, the gold precipitated from the solutions, mainly in metallic form, along with the
quartz. It seems that the only auriferous rock types in the area are quartz-carbonate veins and an arsenopyritebearing shear zone found at Harrioja.
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The view to the West from on top of the Pyhä-Nattanen fell. In the foreground granite rock broken down by weathering.

The era of weathering
Over a period of hundreds of millions of years, this mountainous region eroded down to its roots, forming a
peneplane. The birth of the Atlantic Ocean and the uplift of the Scandes mountain range in Norway and in
Sweden some 30–50 million years ago were also echoed in the form of block movements in Finnish Lapland.
Fells were formed from the rising bedrock horsts. Fracture zones and faults formed between them and appear
today as valleys, e.g. along the Ivalojoki, Tolosjoki, Lemmenjoki and Sotajoki rivers.
The weathered bedrock is mechanically fractured and chemically altered rock. It is widespread in the
depressions and lowlands of the central and southern parts of the area, where the glacial erosion was
exceptionally weak. The boundary between the weathered bedrock and the underlying fresh bedrock
alternates, and in the fracture zones weathering extends to tens of metres. It is mostly covered by glaciogenic
deposits, 1–3 m in thickness. In some places, the weathered bedrock is so loose that it can even be dug with
a shovel. The weathering process took place millions of years ago, possibly as early as during the Paleozoic
and Mesozoic eras or during the Paleogene, approximately 25–50 million years ago, while the climate was also
favourable for weathering. Gold in the bedrock was also freed up during the weathering process. The average
gold content of the weathered bedrock (11 ppb) is higher than in solid bedrock (0.2 ppb). The gold content
seems to be dependent on the occurrence of graphite. The weathered quartz-feldspar gneisses, which are
often rich in graphite, have a particularly high gold content, although the solid graphite-rich rocks are devoid of
gold. Graphite seems to form an effective gold trap during the enrichment of gold due to weathering processes.
The tops and slopes of the fells are covered by block fields, consisting of bedrock that has been fractured
in situ by physical weathering. There, the climate is harsh and frosty nights are common even in summer.
Due to the variations in temperature, the surfaces of the rock and boulders alternately expand and shrink.
Releasing stresses create fractures, into which rainwater and meltwater run. The cycles of freezing and melting
widen the fractures, and eventually a lump will fall off the rock or the boulder will break into jagged pieces.
This phenomenon is called frost weathering. On the slopes, there are weathered rocks in different phases
of development. There are smooth, unweathered rock surfaces and slabs that already have outline marks of
a future fracture. There are also pieces of rock which have broken off, but are still in their place, and jagged
boulder fields covering the sides and tops of fells. Bit by bit, the entire top of the fell becomes covered in
angular blocks and stones.
Locally on the tops of the fells, as on the Nattaset fells and on Patatunturi, tor-like forms can be found sticking
up above the surroundings. These are rocky remnants which consist of the most durable parts of the granitic
bedrock. The broken rock around them has been removed by erosion. The tors were formed before the last
period of glaciation, since the post-glacial erosion has not been rapid enough for them to form. They remained
intact under the ice sheet, while the broken rock around them has been transported away (Fig. 2).
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The Ice Age and the time of glaciers
Over the last 2.5 million years, the area has been covered in continental ice sheets several times. The youngest
glaciation period (the Weichselian glaciation) started more than 115,000 years ago. It consisted of several cold
stages of variable length, during which the area was covered in ice. Between these periods of cold, there were
ice-free stages during which the climate was cooler than at present. The Weichselian glaciation reached its
maximum about 18,000–20,000 years ago, when the northern and north-eastern parts of Europe were covered
by the ice sheet. In Lapland, the ice sheet was over 2 km thick.
The glaciers flowed slowly. They carved and eroded the rock, weathering the bedrock and previously deposited
layers of soil. They carried with them rocks that broke off during the process, re-depositing them to form the
till that covers the present-day bedrock. Gold grains loosened from the bedrock and weathered bedrock also
mixed in with the till. Basal till is debris that was transported at the base of the glacier, where it was packed into
a compact mass with variable grain size. Over vast areas, basal till covers the bedrock in the form of a blanket
with variable thickness and no landforms of its own. On the slopes of fells, the till cover is thin. In lowlands and
valleys it is thickest. Some of the debris transported by the glacier rose to its surface. When the underlying
ice melted, this material was deposited to form supraglacial till on top of the basal till. Supraglacial till is better
washed and sorted and can therefore easily be distinguished from basal till. In the northern part of the area,
basal and supraglacial till together form hummocks and ridges called hummocky moraine. There are also ridges
0.5–2 metres high of basal till, called flutings, which are oriented in the direction of ice flow.
In the final stage of the last glaciation, the glacier was melting. Initially, the tops of fells appeared from beneath
the glacier, forming ice-free nunataks above unbroken ice fields. As the glacier grew thinner, ever-wider
expanses of fell areas were revealed. The edge of the glacier finally broke off into ice lobes, which covered the
valley floors. The area deglaciated around 10,500 years ago. In front of the ice lobes, meltwater began to form
ice-dammed lakes between the ice margin and the slopes of the fells. Initially, they were small marginal ice
lakes, the water of which flowed between the tops of the fells to the north or north-east. The water level sank as
the glacier receded and new meltwater channels opened under the margin of the ice. The location and extent of
these ice lakes have been mapped, e.g. in the Kiilopää area in the light of meltwater channels and shorelines.
The rock wall of the Ravadasköngäs waterfall shows potholes and pothole -like formations created by the melting waters from the glacial period.

Evening at Ravadasjärvi lake. The Morgam-Viipus fell in the background.

Glacial meltwater erosion
Various landforms created by meltwater are closely associated with the deglaciation phase. The vast bedrock
exposures, steep-sided gorges and channels are erosional features formed by the meltwater. The most
conspicuous of these are the overflow channels, which cross the otherwise gently-rounded fells in the form
of sharp cuts. They were formed at the stage of ice sheet melting when the fell tops were beginning to show
through the ice. Meltwater gathered as a marginal ice lake between the margin of the ice and the fell slope, and
was discharged to the north-east across the fell ridge at the lowest point. The erosion of flowing water formed
a deep gorge in the bedrock. There are seven channels north of the Kiilopää fell at different threshold levels.
They functioned as consecutive spillways for the ice lake (Fig. 3). On the basis of the shape and dimensions
of the spillway, it is possible to get an idea of the strength and duration of the stream that flowed along it. The
formation of the lake was favoured by strong melting of the ice and by a large volume of meltwater coming
from the sub-glacial meltwater conduit. Meltwater erosion was at its most marked when a new spillway opened
and the level of the ice lake dropped to that of the spillway threshold. The opening of new spillways under the
margin of the ice sheet, below the preceding ones, led to a successive lowering of the water levels. If the ice
margin retreated approximately 100–140 m per year, it is estimated that each ice lake stage lasted some 5–15
years. The spillways joined to form extra-marginal channels more than 15 m deep, collecting the water and
leading it northwards to the Tolosjoki river valley and further to the Barents Sea.
The gorge of Kulmakuru, with steep edges, cuts into the Harripää fell ridge. It was formed under the glacier as
a powerful sub-glacial meltwater stream passed over the fell ridge. The erosion capacity of the flowing water
was due to the strong hydrostatic pressure in the meltwater conduit. The angular form of the craggy gorge is
result of the crossing fracture zones in the bedrock. After the Ice Age, the bottom of Kulmakuru was covered by
boulders rolling down the slopes. Its bottom is very difficult to cross.
In the Ivalojoki valley, potholes are found under the Kultala suspension bridge and at the Saarnaköngäs
rapids (Fig. 4). They are hollows 0.1–1.2 metres deep with rounded bottoms, carved into the rock by stones
transported by swiftly streaming glacial water. In Lemmenjoki, the finest pothole-like forms are near the mouth
of the Ravadasjoki river, where there are the Ravadasköngäs canyon and a famous cascade, which is one of
the best-known local excursion sites.
On the slopes of Teräväkivenpää and Jäkäläpää, lateral drainage channels 1–2 metres deep can be seen.
During the deglaciation 10,400 years ago, the supraglacial meltwater streams were concentrated at the
boundary between the ice margin and the sloping till-covered fells and eroded there a distinctive series of
lateral channels. At high elevations, they are 100–250 m long, and shallow (less than 0.5 m deep). The vertical
distance is 1.5–2 m. At low elevations, they are distinct, 1–2 metres deep, and the vertical distance is 10–20 m.
The lateral meltwater channels are of great importance in the study of deglaciation, since they help construct
the position of the ice margin in great detail, which gives a picture of the inclination of the ice sheet, its surface
gradient and thinning. The gradient ranged from 2.0 m near the top of the fell to 3.0 m for each 100 metres in
the lower areas, indicating steepening of the ice margin at its snout. The ice margin thinned by approximately
1.2–3.4 m per year. The recession of the ice margin varied between 120 m and 170 m per year.
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Marginal and extra-marginal channels are deeper and wider than lateral drainage channels. Marginal channels
were formed between the edge of the melting ice sheet and the fell slope. The extra-marginal channels formed
outside the ice sheet and they followed the slopes in the terrain. From their shape, it can be concluded that
large volumes of meltwater that had broken out from the glacier margin or from ice-dammed lakes flowed
through them. Today, the channels are either dry or small streams flow in them. They form channel networks
which describe the gradient of the ice surface, its thinning out and the retreat of its margin.

Glaciofluvial landforms
The most common depositional meltwater forms are the eskers, which consist of sand and gravel. They were
deposited in the glacial meltwater conduits at the bottom of the ice sheet. The debris was washed, rounded and
sorted according to the velocity of the stream. As a result, sharp-crested eskers with steep sides were formed.
The esker sequences reflect the meltwater conduit running from within the continental ice sheet towards its
margin. The most remarkable esker sequences are those of Ivalojoki and Lemmenjoki. The latter follows the
Lemmenjoki River valley. In places it rises into a sharp, high ridge over 30 m tall, in others it splits up into a
rolling kame landscape consisting of several parallel gravel ridges.
The meltwater streams that formed during the last glaciation, as well the ones before it, played a significant
part in enriching the gravel deposits along the shores and in the channels of the Ivalojoki river and its tributaries
to the south, and in the Lemmenjoki area, with gold nuggets from till. Such gold deposits are called placers.
They are the result of being repeatedly eroded, transported and deposited by the flowing water. Placers do not
contain gold throughout; rather, separate pockets of gold-rich areas or layers can be found in them.
Glaciofluvial material was also deposited in the ice-lake basins. Poorly-sorted outwash deltas and sandurs,
such as the Kaarreoja outwash delta, were formed as the water level of the ice lake suddenly sank and the
discharging meltwater deposited a delta-like accumulation of gravel at the mouth of the outlet channel. The
most extensive meltwater deposits are the valley trains, which are found in the Ivalojoki river valley as deposits
tens of metres thick. They consist of gravel and sand carried by the glacial river and deposited on the bottom
of the river valley, reaching the surface level of the ancient Lake Inari. When the water level lowered, Ivalojoki
began to carve its channel in the valley train. High sandy terraces were left along the riverbanks. The flowing
water shaped them, creating meanders near the village of Ivalo. The water flowing in the river channel eroded
the outer banks of the river bend and formed steep cut banks. On the opposite bank of the river, on the inside
of the bend, the river deposited the material, forming sandbars. They are often free of vegetation and still serve
as proof of the continuous effect of the water flow. During the period following deglaciation, the wind blew with
great force from the glacier. It lifted sand from the eskers and sandy beaches, shaping it here and there into
curved dynes. Sandstorms were common during those days, and the sparse vegetation was not able to bind
the sand. The dunes of today are mostly covered in vegetation.

Mires
Peat deposits are concentrated in low-lying areas favourable for the development of wetland ecosystems and
palustrial vegetation. Wide aapa mires belong to the aapa mire zone of Forest Lapland. The mire area spread
out over the upper course of Ivalojoki and its southern side. The central parts of mires are often treeless
fens, which are characterised by large, wet and, in places, impenetrable flarks separated by drier strings.
The marginal edges of mires consist of bogs with stunted pines or swamps with spruce and birch. Mires
were created in the depressions of the terrain and in waterlogged areas that were left as the glacier melted.
Remnants of dead plants, such as horsetail (Equisetum), mosses (Sphagnum) and sedge (Carex) started to
accumulate on the humid substrate and, over a period of thousands of years, deposits of peat several metres
thick were formed by the process of huminification. The main peat type is sedge peat.
Pollen studies from the mires show that, after deglaciation, herbs and dwarf shrubs invaded the land liberated
from the ice. Birch forests spread and flourished for some centuries until they were supplanted by pine ca.
8,000 years ago. This stage of vegetation lasted until about 6,500 years before the present. The timber line
attained its northernmost position, and the proportion of fells with barren tops was at its lowest. The most
favourable postglacial climatic stage lasted for 1,500–2,000 years. About 4,500–5,000 years ago the climate
cooled significantly and this trend has persisted to the present day. Spruce spread from the south-east
about 3,000 years ago. It altered again the type of forest in the area. The present vegetation zones became
established about 2,500 years ago.
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The Ivalojoki river canyon seen upstream from the Saariportti rapids.
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A hiker has climbed on top of the tower at the highest point of Pyhä-Nattanen.

3. Listing and Description of Geological Sites
within the Proposed Geopark
The geological sites are situated along the Ivalojoki river and its tributaries, in the Lemmenjoki region, and
along both sides of highway E75 for the entire length of the Geopark from south to north. More information
about each geosite can be found in the annexes.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

The Lihr rock and its bedrock outcrops
Potholes at Ivalojoen Kultala
The Ivalojoki esker at Toloskoski rapids
The Saarnaköngäs rapids
The Ainikkaharju esker
The Puoliväli spring
The Kulmakuru gorge
The Kiilopää ice lake and its spillways
The Rumakuru gorge
The quartz vein at Hangasoja
The Nälkäaapa mire
The Kopsusjärvi delta
Lateral drainage channels at Teräväkivenpää
Melt water erosional forms on Tankavaara fell
Tor formations at Pyhä-Nattanen
Block field covering the Nattaset fells
Karhunpesäkivi erratic
Hummocky moraine area at Kirakkaköngäs
The Rahajärvi collapsed cliff
The Sotkajärvi esker and kames
The Ravadasköngäs waterfall
A cascade at the mouth of Morgam-Viibus stream
Talus deposit on the shore of Morgamjärvi lake
Lateral drainage channels on the top of the Jäkäläpää fell
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4. Details on the Interest of these Sites in Terms of their
International, National, Regional or Local value
The Kiilopää ice lake and its spillways are one geosite which has international significance in geology and
geomorphology. During the latest deglaciation period about 10,400 years ago, there an ice lake became
dammed between the ice margin and the slope of the fell. The ice lake discharged its waters over the fell range.
North of Kiilopää fell, there is a series of gorges at heights between 446 m and 336 m which functioned one
after the other as spillways for the ice lake. The spillways are 3–10 m deep with steep, craggy edges. They
have been eroded into the bedrock by powerful meltwater streams.
Two academic dissertations (doctoral theses) and one publication have been published about the subject:
Johansson, Peter 1995. The deglaciation in the eastern part of the Weichselian
ice divide in Finnish Lapland. Geological survey of Finland, Bulletin 383. 72 p.
Penttilä, Seppo 1963. The deglaciation of the Laanila area, Finnish Lapland.
Bulletin de la Commission Géologique de Finlande 203. 71 p.
Johansson, Peter & Palmu, Jukka-Pekka 2013. LiDAR data and elevation model used to produce
information of geological landforms and development of ice lake stages. In: A. Damusyte & A. Grigiene
(eds.). Palaeolandscapes from Saalian to Weichselian, South Eastern Lithuania. Abstracts. INQUA Peribaltic
Working Group, International Field Symposium. pp. 38–39.
In the region there are five other geosites which have national significance. They are: 1) the tor formations at
Pyhä-Nattanen, granitic rock outcrops more than five metres high that rise abruptly from the rounded summit of
the fell; 2) the Ravadasköngäs waterfall, a seven-metre-high waterfall with potholes hidden deep in the gorge;
3) The subglacial Lemmenjoki esker with its steep slopes and sharp crest; 4) tafoni weathering and a cave in the
Karhunpesäkivi boulder; and 5) the Kulmakuru gorge, which is a gorge 20 metres deep formed by a powerful
subglacial meltwater stream. There are also scientific publications about all these sites.
Potholes at Ivalojoen Kultala and at the Saarnaköngäs rapids, the moraine landscape at Inari, a talus deposit
on the shore of Morgamjärvi lake, lateral drainage channels on the tops of the Jäkäläpää and Teräväkivenpää
fells are examples of regional or local value, as are localities along the geological nature trail at Tankavaara
and Iisakkipää, and the quartz vein of Hangasoja and mine shafts along the Gold Tail at Laanila.
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Picture in the back cover: Northern Lights. Photo: Jouni Männistö

