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Abstract 

Outokumpu-type deposits contain Cu-Co-Zn-Ni-Ag-Au. The first deposit of this type was 

found in the village of Kuusjärvi, North Karelia. The deposits are associated with 

ophiolites and enclosed in what is called Outokumpu assemblage. Similar deposits have 

been found around the world, but the Outokumpu area has the most and largest 

mineralizations to be found to date. There are numerous mineralizations found in the 

Outokumpu area. The Keretti, Vuonos, Luikonlahti and Kylylahti deposits having been 

mined and are the most significant ones. The current view is that the deposits have formed 

in a three-phase process. First deposition of hydrothermal sulphides at ultramafic ocean 

floor forming Cu proto-ore, then during obduction alteration of peridotite body margins 

forming Ni proto-ore. Final phase happened during regional deformation which 

remobilized the Cu and Ni proto-ores forming the current Outokumpu-type deposits. 
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1 INTRODUCTION 

 

 

Outokumpu-type ore deposits are polymetallic Cu-Co-Zn-Ni-Ag-Au deposits. Most of 

these deposits are found in North Karelia, eastern Finland. The first Outokumpu-type 

deposit, Keretti, was found in early 1900’s in the village of Kuusjärvi, North Karelia by 

Otto Trüstedt (Mäkinen 1933). Outokumpu-type deposits are associated with rock 

assemblage called Outokumpu assemblage which consists of metamorphosed rocks 

derived from ultramafic rocks. There are numerous Outokumpu-type mineralizations in 

the Outokumpu area, with Keretti, Vuonos, Luikonlahti and Kylylahti being the most 

significant mineralizations. Those four deposits have been mined in the past and they 

contained over 45 Mt ore grading over 1.5% Cu, around 1% Zn, 0.15% Ni and 0.10% Co. 

(Parkkinen 1997, Boliden 2018). Outokumpu-type deposits have been mined in Finland 

from 1913 to 1988, and then again from 2012 to 2020 in Kylylahti (Kontinen et al. 2006, 

Boliden 2018).  

In this thesis the geological setting of Outokumpu-type deposits is described as well as 

the general features of certain mineralizations, the current view on how the deposits were 

formed and analogous deposits around the world. 

 

 

 

 

 

 

 

 

 

 



2 OUTOKUMPU ASSEMBLAGE 

 

All the polymetallic deposits of the Outokumpu area, except Riihilahti, are found in 

association with a rock assemblage called “Outokumpu assemblage”. The assemblage 

consists of carbonate rock, skarn, quartz rock and serpentinite. Carbonate, skarn and 

quartz rocks are thin (1-5m) closed to serpentinite bodies (Koistinen 1981). Any thickness 

exceeding 5 m seems to involve tectonic repetition (Peltonen et al. 2008) Serpentinite 

bodies are enclosed in black schist horizons (Koistinen 1981).   

The serpentinite bodies are elongated lenses ranging from a few meters to several hundred 

meters thick (Gaál et al. 1975). All the studied Outokumpu-type ore deposits are 

intimately associated with dominantly ultramafic, peridotite bodies, that are now 

serpentinized. These fault-bound bodies frequently include a small proportion of basaltic 

rocks, mostly dikes and small gabbro intrusions. The present mineral compositions and 

textures of the ultramafic rocks reflect the regional E-W metamorphic zoning (Figure 1) 

from lower amphibolite to upper amphibolite facies. In the east ultramafic rocks mainly 

consist of non-pseudomorphic antigorite with some carbonate and talc. With increasing 

in metamorphic grade antigorite is first gradually replacing olivine and/or tremolite 

porphyroblasts. The metaperidotites have massive, porphyroblastic structure without any 

clear preferred orientation. With further increasing in metamorphic grade, the mineral 

assemblage changes to talc +olivine, anthophyllite-olivine, and at last to enstatite-olivine 

in the western most parts of the area. No primary mantle olivine or orthopyroxene is 

preserved. The ultramafic massifs of the area are uniformly very magnesian. The 

chemical compositions of the peridotite bodies imply that they consist of residual mantle 

harzburgites and dunites (Peltonen et al. 2008). The crucial features of the Outokumpu 

massifs suggest they would represent either “orogenic peridotites” or ophiolitic fragments 

of largely ultramafic oceanic lithosphere. The serpentinites show geochemical features 

similar to subcontinental lithospheric mantle rather than mantle beneath mid-ocean-ridge, 

the similarity comes out especially clear in the distinctly flat mantle-normalised REE 

patterns (Kontinen et al. 2006). Sub-continental lithospheric mantle has flat REE pattern 

because it is depleted of light rare earth metals due to extraction of basalt from the mantle 

(Downes 2001). Because Outokumpu massifs are poorly exposed and highly deformed 

they provide relatively little evidence for resolving between “orogenic peridotites” or 

ophilitic fragments (Kontinen et al. 2006). 



One distinct feature of the Outokumpu assemblage is the thin selvages of carbonate-

skarn-quartz rocks around the serpentinite bodies, consisting of of dolomite ± calcite ± 

locally magnesite and tremolite. The purest carbonate rocks are greyish, medium to 

coarse-grained dolomite rocks with massive to irregularly tremolite-banded structure. 

With increasing tremolite carbonate rocks grade into tremolite-carbonate rocks, also 

known as tremolite-skarns (Peltonen et al. 2008). 

Skarns, or Calc-silicate rocks are found as two varieties: (1) tremolite ± carbonate skarns 

and (2) diopside ± tremolite ± carbonate skarns. They are usually between carbonate and 

quartz rocks or as bands or layers inside the quartz rock regime. The contacts between 

skarn and carbonate rocks are quite abrupt, whereas contacts with quartz rocks are more 

gradual. In tremolite skarns the main minerals are usually tremolite, dolomite ± calcite 

and quartz, and olivine in the upper amphibolite facies metamorphic environments. 

Common minor minerals are chromite and disseminated iron sulphides ± pentlandite 

(Peltonen et al. 2008). Diopside skarns usually have coarse- to very coarse-grained 

showing grey green color, to distinctly green diopside with interlocking tremolite and 

dolomite ± calcite. The diopside skarns are structurally a relatively late development, 

overprinting schistosity the associated tremolite skarns and quartz rocks (Kontinen et al. 

2006). Skarns in the Outokumpu assemblage are characterized by lacking feldspar, 

biotite, sphene and zircon (Huhma & Huhma 1970). 

Quartz rocks of the Outokumpu assemblage differ from “normal” quartzites in that they 

do not have any feldspar, muscovite or biotite. They do not contain heavy minerals such 

as zircon, rutile or apatite. The local banding is not due to compositional variation in the 

silicatic portion, but rather caused by fine sulphide, graphite or oxide dust. They can also 

be differentiated by the contents of nickel and cobalt, with quartz rocks around 0.2% Ni 

and 0.01% Co, whereas quartzite 0.002% Ni and less than 0.001% of Co (Huhma & 

Huhma 1970).  

The ubiquitous occurrence of coarse-grained chromite, the total absence of detrital heavy 

minerals such as zircon, and lack of sedimentary interbeds in the Outokumpu carbonate 

and quartz rocks, and their mantle-like distributions of the immobile trace elements, such 

as rare earth elements, are all evidence that they represent metasomatic, carbonated and 

silicified mantle rocks (Kontinen et al. 2006). 

 



3 REGIONAL GEOLOGY 

 

 

The Outokumpu area is located within the North Karelia Schist Belt (NKSB) (Figure 1), 

which rests on a late Archaean gneissic-granitoid basement east of the junction of the 

neoarchaean-palaeoproterozoic Karelian Craton and the 1.93-1.80 Ga Palaeoproterozoic 

Svecofennian island arc complex in southern Finland. The NKSB comprises of mainly 

metasedimentary rocks. The basement and NKSB are intruded by syn to late kinematic 

granite plutons and batholiths in the west (Kontinen et al. 2006). 

The Kaleva assemblage in the Outokumpu area consist of two main units, Lower Kaleva 

and Upper Kaleva. The Lower Kaleva is probably mainly autochthonous-

parautochthonous unit. It comprises mainly of metaturbiditic greywackes with thin 

intercalations of low-Ti tholeiitic metabasalts and black schists. The major part of the 

Upper Kaleva is an allochthonous unit. It consists of deep marine metaturbidic 

greywackes with intercalations of black schists and lenses of serpentinized 

metaperidotite. Kontinen et al. (2006) uses “Outokumpu allochton” for allochtonous parts 

of the Upper Kaleva. The main rock types of the whole Outokumpu area are monotonous 

sandy metaturbidites and mica schists (Koistinen 1981). 

Outokumpu allochthon’s thrusting or obduction was preceded by apparently strike-slip 

type docking of the Svecofennian island arc complex to the margin of the Karelian Craton. 

In association with the early obduction and subsequent Svecofennian strike-slip tectonic 

processes the NKSB and Outokumpu allochthon was polydeformed and metamorphosed 

(Kontinen et al. 2006). 

 



  

Figure 1. Generalized bedrock map of the Kainuu Schist Belt and North Karelia Schist Belt. Also showing 
the metamorphic grade with A-D. A being lowest and D highest in the area. (modified after Säntti et al. 
2006). 



There are 5 different events in the evolution of the NKSB. Pre-D1, emplacement of the 

Outokumpu nappe with thin-skinned thrusting. D1-D2, Recumbent folding and 

eventually thrusting along axial-plane parallel faults. D2c, Development of NW trending 

wrench fault zones with usually dextral folds. D3, development of open asymmetrical 

folds. D4-D5, open, upright folds. These events have been usually interpreted as a result 

of a continuous process under a sustained NNE-SSW orogenic compression. Pre-D1 to 

D2 is the first stage by direct thrusting from NNE to ENE. NW directed shearing 

reoriented the pre-D1 to D2 structures at the second stage. The second stage comprises of 

the D2c to D5 events (Ward & Kohonen 1989). Metamorphic facies vary in the 

Outokumpu area can be seen in Figure 1. The highest metamorphism was in the SW 

corner and lowest in the NE. Metasedimentary rocks in the Kaleva assemblage are mostly 

relatively immature quartz intermediate greywackes. These have rarely the mineral 

assemblages that would be useful in determining metamorphic PT conditions (Kontinen 

Figure 2. Bedrock map of the Outokumpu area with deposits or mineralizations.  1. 
Keretti, 2. Luikonlahti, 3. Vuonos, 4. Saramäki, 5. Kylylahti, 6. Perttilahti,   
7. Riihilahti and 8. Kokka. (modified after Kontinen et al. 2006). 



et al. 2006). Rocks in the Outokumpu assemblage keep reactive over a wide temperature 

range of progressive metamorphism, because this the mineral assemblages of ultramafic 

rocks in the Outokumpu area record the regional variation of peak-metamorphic 

temperatures (Park 1983).  

In the Outokumpu area there are other economic deposits than the Cu-Co-Zn-Ni-Ag-Au 

deposits. There was an asbestos mine at Paakkila, which was in operation from 1904 to 

1975. The mine was located 20 km west of Outokumpu, near the Riihilahti deposit 

(Nikkarinen 2001). There are currently four talc mines in the area as well, according to 

GTK’s Mineral deposits and exploration database.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 ORE GEOLOGY 

 

There are many deposits of the Outokumpu-type that have been found (Figure 2.). Keretti 

and Vuonos are the largest in terms of tonnage. Other deposits over 1 Mt in order of size 

are: Kylylahti 8.4 Mt, Luikonlahti 7.7 Mt, Saramäki 3.4 Mt, Kokka 2.47 Mt, and 

Perttilahti 1.324 Mt (Kontinen et al. 2008). Of these, only Kylylahti and Luikonlahti have 

been mined, and others have been uneconomical to date.  

The sulphide mineralization in the association with the Outokumpu assemblage are 

divided into two types: Cu-rich sulphide assemblages, and Ni-rich sulphide assemblages 

that are poor in Cu. The Ni-rich ores are of little economic significance. In Kokka the Ni-

rich ore is mostly inside carbonate-skarn rock, and other part of the ore is in black schist 

(Peltonen et al. 2008).  

The ore bodies are usually in direct contact with serpentinite or carbonate-skarn rocks 

(Figure 3). The only exceptions are Saramäki and Riihilahti. In Saramäki the ore lens 

Figure 3. Keretti orebody (Kontinen et al. 2006, GTK). 



starts in skarn and cuts through black schist and ends in quartz rock, and in Riihilahti the 

ores occur mostly in Skarnoid amphibolite with small amounts in Garnet-mica gneiss. 

The main Cu-Co-Zn-Ni-Ag-Au ore is semimassive to massive. The ore consist mainly of 

Cu and Zn with subordinate Co and Ni. Other metals include Sn, As, Pb, Cd, Se, Mo, Ag, 

Sb, Bi and Au. Trace metal abundances show inter-deposit variation. For example, the 

Kylylahti skarn-hosted sulphides are rich in As, and Luikonlahti sulphides notably low in 

Pb and Se (Peltonen et al. 2008). The main ore minerals are chalcopyrite and sphalerite, 

both are coarse-grained and re-crystallised. Based on the published tonnage and grade 

estimates, the Cu content in the Outokumpu deposits tend to increase with deposit size. 

Small deposits under 1 Mt in size all contain less than 1% wt.% Cu, while those over 1 

Mt deposits contain higher than 1 wt.% Cu. Within individual deposits Zn and Cu show 

only weak correlation (Peltonen et al. 2008). Like Cu grades, cobalt grades also increase 

with deposit size. Cobalt is in pyrite in the pyritic Outokumpu ores, whereas in pyrrhotitic 

ores its main host is Co-pentlandite. The variation in cobalt bearing minerals is controlled 

by metamorphic grade and related breakdown of the Co-bearing pyrite to pyrrhotite and 

Co-pentlandite (Peltonen et al. 2008). 

 

 

 

 

 

 

 

 

 

 

 

 



5 SIGNIFICANT MINERALIZATIONS 

 

5.1 Keretti 

 

The Keretti deposit is also known as Outokumpu deposit, and sometimes Keretti and 

Vuonos combined are called Outokumpu deposit. Keretti and Vuonos ore have been 

interpreted being one continuous orebody but separated due to erosion as seen in Figure 

4. In this thesis the deposit discovered in early 1900’s in what is today the town of 

Outokumpu is called Keretti rather than Outokumpu because Outokumpu is sometimes 

Keretti and Vuonos, and other times just Keretti. This way it is clear which ore body is in 

question. 

The Keretti orebody was found in 1910 based on exploration started by the discovery of 

the Kivisalmi boulder in Rääkkylä, some 50km south-east from the town of Outokumpu. 

Keretti was most likely the first Outokumpu-type deposit to be discovered and is still the 

largest one in ore tonnage (Kontinen et al. 2006.) 

The main orebody hosted 28.5 Mt of mineable ore with grades averaging 3.8% Cu, 0.24% 

Co, 0.12% Ni, 1.1% Zn, 8,9 gr/ton Ag, 0.8 gr/ton Au and 25.3% S (Parkkinen 1997). The 

Keretti deposit was mined between 1913 and 1989 by the Outokumpu Oy. 

The Keretti deposit is located within the north-east trending horizon of black schists and 

serpentinite bodies that is defining the western margin of the Outokumpu structure. The 

deposit is found in association with a long, tubular body consisting of tightly folded 

serpentinite, and the mineralization occur along its NW margin in a few metres to tens of 

metres layer of carbonate-skarn-quartz rocks that are enveloped and being folded with the 

serpentinite (Kontinen et al. 2006). 

The Hautalampi Co-Ni orebody is parallel to the main orebody but at shallower depth. 

Some of the orebody was mined in 1987 by the Outokumpu Oy. The deposit contains 

0.47% Ni, 0.35% Cu and 0.16% Co (Parkkinen 1997). The ore body was not mined 

completely and there has been plans to open the old workings and mine the rest of the 

low-grade orebody for cobalt and nickel. The amount of remaining ore is estimated to be 

3.2Mt of ore grading at 0.43% Ni, 0.35% Cu and 0.12% Co. The newest plans to date are 

from Eurobattery Minerals in which they plan to start mining in 2022 (Eurobattery 

Minerals 2020).  



The Keretti serpentinite massif is mostly serpentinite with some pervasively chloritized 

and metamorphosed mafic dykes. The serpentinites are retrogressively serpentinized 

metaperidotites. Usually talc-olivine rocks occur in the middle, and anthophyllite-

enstatite-olivine to sagvanditic olivine-ensatite-carbonate rocks at the margins of the 

massif. The peak metamorphism was at temperatures above 630 ºC (Säntti et al. 2006). 

 

 

5.2 Vuonos 

 

The Vuonos deposit was found in 1965 by following the Outokumpu-type rock 

assemblage from Keretti to north-east and utilizing trends in Co-Ni ratio in the 

assemblage rocks for targeting the exploration drilling (Kontinen et al. 2006). Co-Ni 

ratios in typical Outokumpu rocks are around 1:25, whereas near mineralization the Co-

Ni ratio of the country rocks is reduced (Huhma & Huhma 1970).  According to Parkkinen 

(1997) the main Vuonos ore body hosted 5.98 Mt ore grading 2.45% Cu, 1.6% Zn, and 

0.14% Co. The low-grade Ni orebody at Vuonos was mined from 1972 to 1977 with 

grades of 0.33% Ni, 0.07% Cu, and 0.05% Co. 

The geological setting of the Vuonos deposit (Figure 5) is almost identical with the Keretti 

ore deposit. The main differences are lower metamorphic peak and the serpentinites at 

Vuonos seem to contain more mafic dykes than at Keretti (Kontinen et al. 2006). As 

mentioned earlier, Keretti and Vuonos are thought to be parts of the same orebody that 

has separated due to tectonics and glacial erosion (Figure 4).  

Figure 4. Vertical profile along NE-SW trend showing relative locations of Keretti, 
Vuonos, Perttilahti and Karnukka mineralizations. (modified after Mäkelä 1997). 



The metamorphism degree at Vuonos is somewhat lower than at Keretti. Anthophyllite 

and enstatite-bearing metaperidotites are lacking in Vuonos. The serpentinites are derived 

dominantly from olivine+talc metaperidotites (Kontinen et al. 2006). 

             Figure 5. Vuonos ore body (Kontinen et al. 2006, GTK). 

 

5.3 Perttilahti 

 

According to an internal Outokumpu report, the Perttilahti mineralization has 1.32 Mt of 

ore grading 2.15% Cu, 1.89% Zn, 0.145% Ni and 0.162% Co. The ore body is a thin plate 

that is dipping about 30 degrees towards NE. Length of the ore body is approximately 2 

km, with the SW end being at 500m depth and NE at 650m depth (Korkalo et al. 1984). 



The ore body varies in thickness from 2 to 10m and mostly under 50m wide (Kontinen et 

al. 2006).  

According to Kontinen et al. (2006) there are no published or even in-company reports of 

the geology of Perttilahti. The following geological description was done by Kontinen et 

al. (2006) based on Outokumpu Oy’s drill core reports “The sulphide concentration at 

Perttilahti, like the Outokumpu and Vuonos ores, at margin of an intensely carbonate-

silicified serpentinite body, enclosed in mica and black schists”. Development of 

metasomatic, graphite-rich diopside+-tremolite skarns replacing presumably primarily 

carbonate-rich black schists is a distinct characteristic of the Perttilahti black schist zones 

(Kontinen et al. 2006). 

During the GEOMEX report made by Kontinen et al. (2006), few drill core sections were 

reviewed. Based on their estimation the metamorphic peak temperature is around 550 ºC 

based on the occurrence of olivine porphyroblasts in the talc-carbonate rocks. 

 

5.4 Karnukka 

 

Karnukka is the newest Outokumpu-type discovery. It is theorized that Karnukka is the 

eastern end of the structure that contains Keretti, Vuonos, and Perttilahti. The eastern part 

of the structure is assumed to continue deeper from Perttilahti going under Horsmanaho 

and Pehmytkivi talc deposits and then surfacing at Karnukka (Pekkarinen & Hietala 2015) 

Mondo Minerals drilled at their talc deposit (now a mine) and hit Ni-mineralization 

beneath the talc deposit. In subsequent drilling Cu-mineralization was found under the 

Ni-mineralization. Samples from Ni and Cu mineralizations were analysed. The Ni-

mineralization grade 1.20% Ni, 0.0478% Cu, 0.0452% Co, and the Cu-mineralization 

1.03% Cu, 0.207% Co, 0.295% Ni, 0.0124% Zn. The metamorphic grade seems to be a 

bit higher than at Kylylahti (Pekkarinen & Hietala 2015) 

The only published data about Karnukka was in a paper about Cu-Co-Zn boulders in the 

Outokumpu area (Pekkarinen & Hietala 2015). The knowledge about Karnukka is most 

likely much better but unfortunately no studies have been published yet. 

 



5.5 Kylylahti 

 

Kylylahti deposit is in the eastern margin of a voluminous talc-carbonate – serpentinite 

massif near the village of Polvijärvi and approximately 25 km north east of the town of 

Outokumpu (Figure 6). The deposit was found in Outokumpu Oy’s Oku-project (1975-

1985) with first indication of Cu mineralization in 1984 with diamond drilling, and the 

massive-semimassive ore in 1985 (Kontinen et al. 2006). The deposit features a 1.5km 

long, north-northeast elongated group of lenses that plunges from surface to the SSW at 

approximately 30 degrees. The mineralized lenses have an average sub-vertical depth of 

approximately 150m and each lens’ width ranges from 2 to 60 meters. 4.75 Mt of ore has 

Figure 6. Overhead view of the Kylylahti massif (Kontinen et al. 2006, GTK) 



been mined from 2011 to 2018 at Kylylahti with the average grades of 1.49% Cu, 0.6% 

Zn, 0.17% Ni and 0.25% Co (Boliden 2018). 

The hanging wall of the deposit is mostly serpentinite but has altered on the sides into 

talc-carbonate, skarn and quartz-sulphide rocks. The assemblage is almost thoroughly 

crosscut by mafic dykes that have altered to chlorite schists and metagabbros. These 

altered ultramafic and mafic rocks occur as pods or lenses enclosed in the footwall black 

schists (Boliden 2018).  

 

5.6 Luikonlahti 

 

Luikonlahti is the name for five different deposits, three of which were mined, that all are 

in the Luikonlahti serpentinite massif. From the three that were mined, the Asuntotalo 

orebody was the largest with 6.4 Mt of ore. The other mined bodies were Kunttisuo (0.35 

Mt), and Pajamalmi (0.14Mt) (Kontinen et al. 2006).  

The Asuntotalo orebody (Figure 7) was u-shaped with both ends having surface exposure 

and the middle part reaching 480m depth. Lower edge of the middle part was between 

serpentinite and black schists in the NW, and between serpentinite and mica schists in the 

SE. The contact between ore and country rocks varied having thin skarn layers in between 

in some places and direct contact in others. The Asuntotalo orebody is distinctly poor in 

quartz rocks (Kontinen et al. 2006). The metamorphic facies at Luikonlahti is upper 

amphibolite, with metamorphic temperatures of 653-684 ºC. Anthophyllite-rich olivine 

rocks are the dominant ultramafic rock type in the Luikonlahti area (Säntti et al. 2006).  



 

5.7 Saramäki 

 

The Saramäki mineralization is in the southern tip of the Miihkali serpentinite massif. 

Miihkali is located about 25km NNE from Outokumpu as seen in figures 1 and 2. In 

figure 2, the Saramäki mineralization is circled number 4 with the larger structure being 

the Miihkali serpentinite nappe. The Saramäki mineralization has 3.4Mt of ore, with 

estimated grades of 0.71% Cu, 0.5% Ni and 0.086% Co (Parkkinen 1997). 

The sulphide mineralization Is like the other Outokumpu-type Cu-ores in that it is 

contained in an about 2km long, 300m wide and usually less than 20m thick sheet or 

ribbon of somewhat discontinuous, pinching and swelling sulphide concentrations. The 

deposit has the same dip than the controlling shear-fault zone, dipping 25° to the NE 

(Figure 8) (Kontinen et al. 2006).  

The Outokumpu-type ultramafic or metasomatic ultramafic rocks are rare component in 

the Saramäki assemblage. There are only thin, under 10m, narrow lenses of 

Figure 7. Cross-section of the Luikonlahti massif, Kunttisuo orebody on the left and Asuntotalo on the 
right (Kontinen et al. 2006, GTK). 



tremolite+carbonate+talc schists, schistose tremolite skarns and phlogopite-carbonate 

rocks that are high in Cr and contain chromite that are closely associated with the ore 

horizon. The aforementioned rocks could represent altered, metasomatized peridotite. 

Though for most part low in Cr and probably black schist related, there are also high-Cr 

carbonate-skarn rock in the Saramäki assemblage that represent Outokumpu-type 

carbonate-skarn rocks. Any clear candidates for quartz rocks of the Outokumpu 

assemblage are missing from the Saramäki assemblage (Kontinen et al. 2006). 

 

 

5.8 Riihilahti 

 

The Riihilahti mineralization is located 15km west from the town of Outokumpu. The 

mineralization is low-grade and disjointed, containing 0.7 Mt of 0.72% Cu, 0.09% Zn, 

0.09% Co and 0.03% Ni (Kontinen et al. 2006). 

Riihilahti is different from the other Outokumpu-type deposits in that the mineralization 

is not associated with Outokumpu assemblage and is not even in the Upper Kaleva rocks. 

The disseminated mineralization is hosted in different Lower Kaleva rocks. The highest 

grades, over 1% Cu, are in amphibolite and garnet-mica gneiss. The low-grade 

mineralization, over 0.3% Cu, is spread out in amphibolite, garnet-mica gneiss, 

metachlorite and garnet-cummingtonite gneiss (Figure 9) (Kontinen et al. 2006). 

Figure 8. Saramäki mineralization (Kontinen et al. 2006, GTK). 



 

5.9 Kokka 

 

The Kokka deposit consists of two low-grade nickel mineralizations in the Kokka 

serpentinite belt and is located 15km northeast from the Luikonlahti mine. The 

mineralizations are referred by Kokka “A” and “B”. “A” is the larger one with 1.9 Mt of 

ore grading 0.35% Ni, and “B” smaller 0.57 Mt of 0.49% Ni (Kontinen et al. 2006). The 

Kokka “A” body dips 20o to southwest and is 500m long, 300m wide and the thickness 

varies from 5 to 35m (Figure 10) (Huhma 1964). 

Figure 7 Kokka "A" mineralization (modified after Kontinen et al. 2006). 

Figure 9. Riihilahti mineralization. Red dashed line is over 0.3% Cu and solid red over 1% Cu. (Kontinen et 
al. 2006, GTK). 



The mineralizations are hosted in diopside skarn between serpentinite and black schist. 

The host rock is mostly coarse-grained chrome-diopside-skarn with some tremolite. The 

skarn has some quartz rich parts like Keretti (Huhma 1964). The significance of the 

Kokka mineralizations are that they represent the Ni proto-ore that is needed to mix with 

the Cu-Co-Zn proto-ore to form the polymetallic Cu-Co-Zn-Ni-Ag-Au Outokumpu-type 

deposit (Kontinen et al. 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 ORE GENESIS 

 

The current theory of the genesis of Outokumpu-type deposits was put forth by Kontinen 

et al. in 2006 and Peltonen et al. in 2008. The formation is a three-stages processes. 

Firstly, a Cu proto-ore was formed at oceanic ridge or transform. Secondly in obduction 

listwaenite-birbirite-type carbonate-quartz alteration of peridotite body margins formed 

Ni proto-ore. At last, in regional deformation these Cu- and Ni- proto-ores were mixed in 

syntectonic remobilization (Kontinen et al. 2006). 

The Outokumpu deposits started to form with the deposition of the Cu- proto-ore in an 

sea floor environment. Pb-isotope composition of the sulphides suggest that ore 

deposition occurred in a segment of seafloor where oceanic mantle tectonites were 

extensively exposed. Heat source for the hydrothermal circulation was provided by high-

T, low-Ti basaltic magmas that intruded the ultramafic oceanic crust at around 1950 Ma. 

Tens of millions of years later, fragments of the ultramafic ocean floor with the Cu proto-

ore were obducted onto the continental margin (Peltonen et al. 2008). 

The carbonate and quartz rocks define lead isotope isochron of 1908 ± 25 Ma that dates 

the introduction of uranium into the alteration front. The source of the U was in the 

adjacent black schist. Since the silification occurred through interaction of the ultramafic 

rocks and adjacent black schists, the isochron approximates the age of the silicification 

and the formation of the Ni proto-ore. The formation of the Ni- proto-ore post-dates that 

of the Cu proto ore by as much as 40 Ma. During late stages of regional deformation, but 

before peak metamorphism, Cu- and Ni- proto-ores were mixed, homogenized, upgraded 

and emplaced into their present positions (Peltonen et al. 2008). 

 

 

 

 

 

 



7 SIMILAR DEPOSITS AROUND THE WORLD 

 

Outokumpu-type deposits are quite rare in the world, only few other areas are known to 

host deposits that can be classified into the same category. According to Peltonen (2008) 

there are three deposits that have many same characteristics as the Outokumpu deposits. 

These are Deerni in China, Eastern Metals deposits in Canada and Sykesville deposit in 

Maryland Piedmont, USA. All three are associated with ophiolites and like in Outokumpu 

area the deposits are closely associated with serpentinite. Other deposits that show some 

similar features to Outokumpu-type deposits include Ivanovska and Ishikino Fe-Cu-Ni-

Co in Russia, Salamanca Co-Co-Zn-Au in Argentina, Limassol Forest Cu-Ni-Co-As-Au 

in Cyprus and Bou Azzer Co-As-Au in Morocco. 

 

7.1 Deerni 

 

The Deerni deposit is located in the southern part of the Qinghai province, China. The 

Deerni ultramafic body is situated almost centrally in a fault-intrusion belt. The body is 

the biggest and only one known to be ore-bearing. The Deerni ultrabasic intrusion consists 

mainly of dunite, augite peridotite, peridotite and pyroxenite. The ore-hosting lithologies 

within the central part of the body are predominantly augite peridotite (Haitian 1992). 

The orebodies vary from massive to banded in structure. The main ore minerals are pyrite, 

pyrrhotite, chalcopyrite, sphalerite and magnetite. The usual gangue minerals include 

calcite, quartz, chlorite, mica, actinolite, talc and serpentine. The ore bodies are all 

sharply-bound lenses enclosed in the altered host peridotite. The peridotite is 

carbonatized-silicified (Kontinen et al. 2006). 

7.2 Eastern metals 

 

The Eastern Metals deposit is located in the southern Quebec Appalachians. It occurs at 

the contact of a slice of ultramafic rock enclosed within ophiolitic mélange sediments. 

Disseminated to massive sulphides are hosted in carbonatized and silicified rocks at the 

sheared contacts between serpentinite and graphitic slate (Auclair et al. 1993).  



The presence of relict chromite grains and ghost textures of serpentinite in the birbirite 

host indicate that the Eastern Metals birbirite was formed by intense silicification of 

serpentinite (Auclair et al. 1993). 

Similar to Outokumpu deposits, the Eastern Metals deposit has two different 

mineralizations, disseminated to massive Ni-rich type and semimassive to massive Cu-

Ni-Zn-Co-Au type (Kontinen et al 2006). 

7.3 Sykesville 

 

Sykesville mining district contains abandoned Cu-Fe mines along a narrow 16km belt. It 

is located in Carroll County, Maryland, USA. The sulphide mineralization is hosted in 

laminated banded iron-formation and is mainly chalcopyrite with some siegenite, 

sphalerite, pyrite and bornite. The banded iron-formation occur at the contact between an 

ultramafic rock and the surrounding metapelites, metagraywacke and metabasalts. The 

contact is characterised by the occurrence of blackwall zones consisting of metapelite, 

epidote-rich metapelite, chlorite-ilmenite, actinolite-magnetite-chromite, talc-dolomite-

chromite-magnetite, and serpentinite. Ultramafic masses were intersected by drilling and 

this sequence was repeated on both sides of the ultramafic rocks. (Candela et al. 1989). 
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