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Geological map of the Fennoscandian Shield,
scale 1:2,000,000. Koistinen et al., 2001
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Eilu, P (ed), 2012. Mineral deposits
and metallogeny of Fennoscandia
GTK Special Paper 53

Maier, Lahtinen, O’Brien (eds.), 2015
Mineral Deposits of Finland

- Includes descriptions of most
deposits referred to in this talk

GTK
https://www.gtk.fi/en/services/data-sets-

Metallic Mineral Deposit Map
of the Fennoscandian Shield
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Paleoproterozoic sutures
Kohonen et al., 2021

Koistinen et al., 2001

Main geological units in Finland

Crustal stabilization (1.76-1.65 Ga)

Up to present < 1km sedimentary
cover (Hall et al., 2020)

Paleoproterozoic crust

Svecofennian (2.0-1.77 Ga)
Lapland-Kola (2.0-1.87 Ga)
Cryptic sutures ca. 1.92-1.91 Ga

Archean crust

Paleoproterozoic magmatism and sedimentary
cover (2.50-1.92 Ga)

- Rifting stages at 2.5, 2.45, 2.3, 2.2, 2.1-2.05,
2.0-1.95 Ga

Archean (3.6-2.6 Ga)
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Oijarvi GB
Archean - Au deposits

-3.6 Ga+ 3.2 Ga TTG (oldest)
-2.83-2.72 GaTTG (common)
- 2.74-2.68 Ga sanukitoids

Suomussalmi GB

- Ni-, Au-, Mo-deposits
Kuhmo GB

- Ni-, Au-deposits

- Oijarvi, Tipasjarvi, Kuhmo and
Suomussalmi greenstone belts;
2.84-2.79 Ga, oceanic plateau
type komatiites and basalts

- llomantsi greenstone belts;
2.75-2.73 Ga island arc rocks

 Tipasjarvi GB
- Sotkamo Ag-mine

- Metamorphism 2.71-2.62 Ga ,\" e - Ni-deposits
E Metasediments % : vy

- Siilinjarvi carbonatite 2.61 Ga e 2. ' R/l e | _

(apatite mine) - | -S;:an:i:i::::andamphihomes \"Tj.u Knoplo .‘ i IlomantSI GB .
—f— - Pampalo Au-mine

- Granulite facies rocks Kaial hti 4

- Eu positive TTGs

- Paleoproterozoic intrusions
I:l Archean under Proterozoic cover

(suspended)

\

Major Proterozoic shear zones
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Archean provinces: Norrbotten-Karelia-Kola

* 2.1-2.05 Ga mantle plume

magmatism, often bimodal

Archean crust exposed or under

Paleoproterozoic rocks
2.5-2.45 Ga layered

intrusions

Paleoproterozoic magmatism and sedimentary

cover (2.50-1.92 Ga) at the
/* ' .
N e
*

western margin of the Karelia province
- Rifting stages at 2.5, 2.45, 2.3, 2.2, 2.1-2.05,
@/%\ 2.0-1.95 Ga
| \ i/ %, - 2.52-2.45 Ga incipient rifting, including

layered intrusions
- Was there a breakup?
\ R
5, .
=

e Svecofennia

-2

2.4-2.1 Ga Epeiric sea setting in central
Lapland

2.1-2.05 Ga breakup; aulacogen

Passive margin stage to 1.94-1.92 Ga

1.98-1.95 Ga marginal basin (Jormua-
Outokumpu system)

Foreland basin system from 1.92 Ga to 1.86
Ga in Lapland
2.3.2021

See Koykka et al., 2019.
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Incipient break up: 2.50-2.44 Ga

JIC

t Generalskaya PGE

Largest

PGE=Ni-Cu,

V-Ti, Nittis-Kumuzhya-Travyn Ni

Cr Fedorovotundra PGE
deposits

.Koitela’inen
Nanvaara Cr

' 2.44 Ga
) Siika-Kama PG

*Mine

Mustavaara V

Orange polygons:
Defined metallogenic belts with
2.50-2.44 Ga layered intrusions

2.45 Ga Burakovka Cr

Burakovka PGE

= GTK



Kenorland final break

Nussir Cu

Up, ' Pechenga Ni

intracontinental

basins: 2.2-1.95 Ga N e Vo
Talvivaara -sediment-hosted Visca(ri)a éu ‘ ‘

low-grade Ni-Co-Cu-Zn

Outokumpu-type Cu-Co
Cu-rich proto-ore within

peridotitic sea floor at ~1950 Ma
Peltonen et al., 2008

Defined metallogenic belts Ol VOE‘ Talvivé’ara Ni

O Clastic-hosted Cu, Redbed Cu e x ~ Srednja Padma V, Ti
O Black shale polymetallic T |

_ Outokumpu Cu'() -
O \Volcanic Cu-Zn S Koikary V, Ti
O Mafic-ultramafic Ni-CuxtPGE  FINLAND Pudozhgorsk V, Ti
O
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Kenorland final break up,

mafic-ultramafic magmatism: 2.1-1.95 Ga

L . Norway = . E
e Majors in intrusions | gL e
* Small in komatiites :

Pechenga Ni

1.98/1.92 Ga
Karasjok— -- )
Lakselv \llarechka ;
- ovnozero Ni
Pulju
Defined metallogenic belts )\"a Russia
I Komatiitic Ni b
g Lovnhozero:
.| 2.1-1.98 Ga intrusive Ni '.J

*Mine ?

akatti Ni-Cu’f 1.920-1.905 Ga
; Finland

orogenic intrusions
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Major Paleoproterozoic orogenic stages in Finland

Lapland-Kola orogen

Himalayan-type continent-continent Paleoproterozoic major orogenies
collision (Daly et al., 2006)
Svecofennian orogeny (1.92-1.77 Ga)
] - Several collisional stages at 1.92 Ga, 1.88 Ga,
=] 1.86 Ga, 1.83 Ga, 1.78 Ga
o I - Orocline forming event at 1.87 Ga
“““‘”‘} e " Lapland-Kola orogeny (1.92-1.87 Ga)
" Cryptic sutures ca. 1.92-1.91 Ga
S Svecofennia | - Jormua-Outokumpu suture is non-subduction
H o Buas N el k and due to closure of a marginal basin (note
g F f Archean lithospheric mantle and abundant Cu-
g I d ...d Co deposits;
) I Svecofennian __ P )
"""""""" | Composite orogen /(
(Lahtinen et al., 2005)
Fennoscandia
Koistinen et al., 2001
10
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Svecofennian tectonic evolution — many models
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Lahtinen et al., 2014, 2017, 2018
[ |Archean

—P relative plate motion
I Paleoproterozoic crust [l Paleoproterozoic arc > shortening direction

A 1.93-1.91 Ga

Korja et al., 2009
Nikkila et al., 2016

- Tectonic SWitChing — SW accretion (e.g., Hermansson et al., 2008; Bogdanova et al.,
2015; W accretion (Mints et al., 2020)

- Microcontinent accretion (Lahtinen et al., 2005; Korja et al., 2006; Nironen, 2017)
- Collisions, accretion and oroclines (Lahtinen et al., 2014, 2017, 2018)
- Crustal spreading in central Finland (korja et al., 2009; Nikkils et al., 2016)

Nironen, 2017

Hermansson et al., 2008

Madel 1, Model 2.
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ca. 1.80-1.70 Gal
Bogdanova et al., 2015
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Major Paleoproterozoic arcs

Norrbotten

3.50-1.78 Ga
2.00-1.78 Ga
BB 2.02-1.91 Gaarc
: \ 4 1.00-1.88 Ga arc
............ & - 1.88-1.86 Ga arc
60 1.86-1.84 Ga
1.82-1.80 Ga arc
B 1s0-178Ga
BB 1.77-1.70 Ga

Caledonides

1.70-0.90 Ga
B 165157 Ga
3.00-0.35 Ga
<1.00 Ga

2.0-1.92 Ga arcs

Kittila arc ca. 2.02 Ga
Inari-Tersk arc 1.98-1.92 Ga
Savo arc 1.93-1.92 Ga
Knaften 1.95-1.94 Ga

Sveconorwegian

1.90-1.88 Ga arcs
KA — Kiruna area

SA — Skellefte area

BB — Bothnia belt

TB — Tampere belt
UB — Uusimaa belt
BA — Bergslagen area

ussian platform

400 km

u
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Major metallogenic features at 2.1-1.89 Ga

Nussir (<2.07 Ga

Py
N ot

e s
Pechenga (1.99/1.92 Ga

Ni, Cu

Ni, Cu, PGE
Sakatti (2.05 Ga
¢ "NiCu, PGE

*
* Talvivaara (2.0-1.95 Ga
* Ni, Co, Zn

E Qutokumpu (1.95 Ga)

* *Cu,Cu, Ni
o

Hammaslahti
(ca. 2.1 Ga) Cu,Zn

2.1-2.05 Ga
"soft points”

Lovnozerskoe
(1.92 Ga) Ni, Cu

Vifianti-Pyhésalmi
92 Ga) Zn, Cu, Pb
L8

*
Rockliden
1.87 Ga

Garpenberg area‘J
3 Pl

Ag, Pb

Y Major 1.92-1.91 Ga

‘ ergslagen region; numerous Y "VMS 1.90-1.88 Ga”

IF, skarn-Fe/Mn, W, Mo, REE

400 km

Rift-related deposits +
sedimentary deposits (Nussir and Talvivaara)

Lovrozenskoe plutonic Ni-Cu
Suurikuusikko orogenic Au
Vihanti-Pyhasalmi VHMS
Skellefte VHMS

Orijarvi (Bergslagen-type VHMS)

u
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Selected metallogeny at 1.89-1.78 Ga

Svecofennian
* Ni-Cu

H "Porphyry-Cu (Mo-W)
epithermal Au”

Gold line
(1.88)-(1.85)-1.80 Ga

1.88-1.85 Ga

* Kiruna-type Fe-P
Y Fe-Ti-v
pie "Orogenic-Au”

1.82-1.78 Ga
% "Orogenic Au"
"lIoGC”

*  "WMS Zn-Cu-Pb”
*  "Intr. Ni-Cu”

Epithermal 1.90-1.88 Ga
Porphyry Cu ca. 1885-1880 Ma
Plutonic Ni-Cu 1882+2 Ma



Late-tectonic to cratonic stage

Sokli P, REE

Kola alkaline province
380-360 Ma

@ Kimberlite fields

Ka-Ku = Kaavi-Kuopio 626-426 Ma
K = Kuusamo ca. 750 Ma

K-Le = Kuusamo-Lentiira 1230-1180 Ma
See Dalton et al., 2019

ey SVECOfENnia {

Late-tectonic granites and

appinitic to shoshonitic magmatism
(1.80-1.77 Ga)

Ug[ﬁal"uouon‘a S

- Li pegmatites (Kaustinen Li-province)

Crustal stabilization (1.76-1.65 Ga)

15

Rapakivi granites 1.65-1.52 Ga
2.3.2021
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Concluding remarks for metallogeny of Finland

Archean crust in Finland is characterized by mid-crustal exhumation level with few shallow (2-5 km)
greenstone belts (Au, Ag, Ni)

Incipient rifting at 2.52-2.44 Ga includes voluminous layered intrusions - PGE-Cr-Ni-Cu

Continental breakup at 2.1-2.05 Ga by mantle plume is very potential stage for Ni-Cu-PGE, especially in the
aulacogen (Kevitsa, Sakatti); voluminous komatiites

Renewed rifting and formation of a marginal basin/s: Outokumpu-type Cu-Co, Talvivaara Ni-Cu-Co-Zn
1.93-1.92 Ga arc, and VHMS deposits in extended backarc (Pyhdsalmi-Vihanti)

Foreland fold and thrust belt related orogenic Au (Suurikuusikko)

1.90-1.88 Ga arc (Orijarvi-type VHMS+Au) and 1.88 Ga syntectonic Ni (Vammala-Kotalahti)

Orogenic Au, especially at ca. 1.80 Ga

Thanks
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