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Introduction 
Iron Oxide-Copper-Gold deposits (IOCG), concept first introduced by Hitzmann et al., 1992, probably occur in several 

areas in northern Finland. The most obvious ones, Hannukainen and Vahajoki , were selected for this study. Both deposi ts 
contain variable amounts of Au and Cu in addition to abundant iron oxides. Raajarvi and its satellite Puro iron oxide deposi ts 
share numerous features typical for IOCG deposits, al though they contain only trace amounts of Co, Cu, and Au. These two 
deposits were also selected for the study. Here we compare the results of the f luid-inclusion work with the data on known 
IOCG deposits. 

General description of the selected deposits 
The Hannukainen deposit consists of four different ore bodies, which are 

situated in a contact zone of a large, synorogenic monzonite intrusion. The ore was 
mined 1982-1992, the total production being 4.5 Mt of ore with 43% Fe, 0 .88% Cu 
and 0.95g/t Au. Main ore minerals are magnetite, chalcopyrite, pyrite, and 
pyrrhotite. Diopside and hornblende comprises the gangue. The ore is hosted by 
skarnoids within diorite and mafic meta-volcanic lava unit. Other wall rocks are 
monzonite , meta-quartzite, quartz-albite rock and mica-gneiss. Multistage 
alteration is characteristic: regional albitisation and scapolisation, local Na-K-Ca-
F e ± C 0 2 alteration. Metal association in the Hannukainen deposit is Au-Cu-Fe-
Te±Ag, Bi, Co, Co, Mo, LREE. The age of the mineralisation is 1.86-1.75 Ga. 
Possible fluid and metal source for the Hannukainen deposit is the synorogenic 
monzonite intrusion. (Hiltunen, 1982, Eilu & Niiranen, 2002). 

The Vahajoki deposit consists of 14 different magnetite lenses within N-S 
trending area of 1.5 km wide and 3.5 km long. Magnetite occurs as breccia matrix, 
veins and blobs in skarnoids within dolomite. Other wall rocks are mica-schists, 
mafic tuffs and tuffites, and minor graphite bearing schists. Total inferred amount 
of ore is 10.5 Mt. Best sections contain up to 1.9 g/t Au, 1.1% Cu and 0 .12% Co. 
Fe content of the ore is generally ca. 30-40%. The main opaques are magnetite, Proterozoic 
pyrite, chalcopyrite, pyrrhotite, cobaltite and hematite. The gangue minerals are • Ore deposit 
tremolite, actinolite, biotite, chlorite, cummingtonite, carbonates and hornblende. 
Metal association in Vahajoki deposit is As-Au-Cu-Co-Fe. Local Ca-Fe±C0 2 -a l te ra t ion (formation of skarnoids and 
magnetite) and weak Na±Cl-alteration (albitisation and scapolisation) is characteristic. N o extensive regional albit isation has 
been noted in the area. The age of the mineralisation is 2.2-1.8 Ga. (Huhma et al. 1990, Li ipo & Laajoki , 1991, Eilu & 
Niiranen, 2002). 

The Raajarvi and Puro magneti te ores occur as lens- and pipe-shaped bodies and are hosted by skarnoids within a sequence 
of dolomite marbles, meta-quartzites, albite rocks and minor mica-schists. The ores were mined during 1960-1975 with the 
total production of 5.66 Mt and 0.06 Mt of magnetite ore for Raajarvi and Puro satellite deposits respectively. Average grades 
were 47% Fe, 0 .11% S for Raajarvi and 53% Fe, 0 .3% S for Puro. Both deposits contain also small amounts of V and P, and 
trace amounts of Cu, Co, and Au. Main ore minerals are magnetite and hematite with small amounts of pyri te and chalcopyri te . 
The gangue minerals are lizardite, tremolite, actinolite, chlorite, talc, biotite and carbonates. Regional alteration is 
characterized by extensive albitisation and scapolisation. Local intense albitisation and C a - M g - F e ± C 0 2 ( format ion of 
magnetite and skarnoids) is typical in association with ores. The age of the mineralisation is 2.1-1.9 Ga. (Nuuti lainen, 1968, 
Eilu & Niiranen, 2002, Niiranen et al., submitted). 

Fluid-inclusion study 
Several samples of quartz±carbonate±scapolite±magnetite±hematite±sulphide veins were prepared f rom each deposi t for 

petrographic and microthermometric analysis mainly f rom drill core specimens. Six types of fluid inclusions were ident if ied, 
most of which are less than 30 microns in diameter: (1) H 2 0-hal i te±hemat i te±sol ids , (2) H 2 0-C0 2 ±CFLi±hal i te±sol ids , (3) 
H 20-CH(-hal i te±sol ids , (4) H 2 0 - C H ( , (5) H 2 0 , and (6) C 0 2 ± C H 4 . Halite, carbonate, nahcoli te and hematite were identif ied by 
their optical properties. Type 1-3 inclusions represent the earliest fluids observed in the studied samples and are related to Fe-
mineralisation stages. Type 4-5 inclusions represent later fluids related to postmineralisat ion stages. Type 6 inclusions are 
monophase C 0 2 inclusions, which occur together with the type 2 inclusions. 
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At Pu ro , R a a j a r v i and H a n n u k a i n e n , type 1 -3 hyper sa l ine inc lus ions s h o w very low first i ce -mel t ing t e m p e r a t u r e s b e t w e e n 
- 7 5 and - 4 0 ° C . T h i s r equ i res o ther d i sso lved salt c o m p o n e n t s bes ides NaCl (i.e. C a C l 2 , M g C l 2 and FeCl 2 ) . W h e n these 
inc lus ions are hea ted , the vapour b u b b l e typica l ly d i s a p p e a r s (78 to 3 2 5 ° C ) pr ior to hal i te d i s so lu t ion ( 1 4 9 to 4 8 6 ° C ) , wh ich is 
c o m m o n l y the last mine ra l to h o m o g e n i s e . H o w e v e r , s o m e inc lus ions exhib i t h o m o g e n i s a t i o n b e h a v i o u r w h e r e v a p o u r b u b b l e 
and hal i te crys ta l bo th d i s appea r a p p r o x i m a t e l y at the s a m e t empe ra tu r e ( 2 7 0 to 3 3 0 ° C ) . T h e ha l i t e -d i sso lu t ion t e m p e r a t u r e s 
fo r the type 1 -3 inc lus ions indica te sal ini t ies b e t w e e n 2 9 and 58 wt .%. 

At V a h a j o k i , the ear l ies t f luid is represen ted by the type 2 H 2 0 - C 0 2 i nc lus ions wi thou t a c u b e of hali te . Ins tead , nahco l i t e 
is a c o m m o n d a u g h t e r mine ra l . Disso lu t ion of nahcol i te o c c u r s at t empera tu re s 180 to 210°C. C la th ra t e mel t ing t e m p e r a t u r e s 
f o r the inc lus ions var ies f r o m 4 to 8°C indica t ing sal ini t ies b e t w e e n ca. 3 and 10 eq. w t . % N a C l . To t a l h o m o g e n i s a t i o n to l iquid 
occu r s at t e m p e r a t u r e s b e t w e e n 2 3 2 and 339 °C. 

T y p e 4 H 2 0 - C H 4 i nc lus ions , wh ich only o c c u r at P u r o , s h o w a na r row r a n g e of e x t r e m e l y l o w f i r s t -me l t ing t e m p e r a t u r e s of 
ice f r o m - 8 0 to - 7 5 ° C . M e l t i n g t empera tu re s of ice in the r a n g e -20 to - 4 ° C ind ica te sal ini t ies b e t w e e n ca . 6 and 2 2 eq. w t . % 
N a C l . To t a l h o m o g e n i s a t i o n to l iquid t akes p l a c e at t e m p e r a t u r e s f r o m 84 to 162°C. T y p e 5 H 2 0 inc lus ions are e n c o u n t e r e d at 
eve ry depos i t . T h e y h a v e f i r s t -mel t ing t e m p e r a t u r e s of ice b e t w e e n - 6 0 and -30°C , ind ica t ing a c o m p l e x aqueous - sa l t s y s t e m . 
T h e sal ini ty of the inc lus ions de t e rmined f r o m the i ce -mel t ing t empera tu re s ( - 20 to 0 ° C ) var ies f r o m ca. 0 to 2 2 eq. w t . % N a C l . 
T e m p e r a t u r e s of h o m o g e n i s a t i o n of the inc lus ions to l iquid r a n g e f r o m 104 to 2 2 6 ° C . T y p e 6 C 0 2 i nc lus ions con t a in 
prac t ica l ly pu re C 0 2 ( T m C 0 2 = -56 .6 to -57 .2°C) . T h e s e inc lus ions a re present in all depos i t s e x c e p t R a a j a r v i . 

Conclusions 
Flu id - inc lus ion s tud ies of I O C G depos i t s typica l ly ind ica te the p r e s e n c e of coex i s t i ng h y p e r s a l i n e and C 0 2 - r i c h f lu id 

inc lus ions (e.g. Po l l a rd , 2000) . Th i s s e e m s to be a l so the ca se for the s tud ied F inn i sh depos i t s . T h i s is e spec ia l ly val id fo r the 
H a n n u k a i n e n , R a a j a r v i and P u r o depos i t s . On ly excep t ion to this is the V a h a j o k i depos i t , w h e r e l o w to m o d e r a t e sa l in i ty H 2 0 -
r ich inc lus ions coexis t wi th C 0 2 - r i c h inc lus ions . H o w e v e r , local ly occu r r i ng mar ia l i t ic scapo l i t e and local w e a k to m o d e r a t e 
a lb i t i sa t ion sugges t that Na±Cl - r i ch f lu ids m a y h a v e c i rcu la ted in the area. 

T h e f lu id - inc lus ion da ta toge ther with a l tera t ion s tyles , pe t ro logica l and g e o c h e m i c a l da ta c lear ly s h o w s that the 
H a n n u k a i n e n depos i t at Kola r i be longs to the I O C G class . E v i d e n c e f r o m the V a h a j o k i depos i t sugges t s , that the su lph ide s and 
go ld h a v e b e e n prec ip i ta ted f r o m H 2 0 - C 0 2 f l u ids , as it is genera l ly the ca se wi th the I O C G depos i t s . F lu ids , a l te ra t ion s ty les , 
p e t r o g r a p h y a n d g e o c h e m i s t r y of the Raa ja rv i and P u r o depos i t s s t rongly sugges t I O C G type minera l i sa t ion , a l t hough the 
depos i t s a re ba r ren in re la t ion to Cu and Au. 

Acknowledgements 
O u t o k u m p u O y j F o u n d a t i o n has f i nanced the w o r k of the f i rs t au thor . 

References 
ElLU, P . & NLLRANEN, T . (2002) : I ron o x i d e - c o p p e r - g o l d depos i t s in F in land . Geo log ica l S u r v e y of F in l and , repor t 

M 1 0 . 1 / 2 0 0 2 / 4 . 7p . 
HLLTUNEN, A. (1982) : T h e P r e c a m b r i a n geo logy and skarn i ron o re s of the R a u t u v a a r a area , no r the rn F in land . G e o l o g i c a l 

S u r v e y of F in land , Bu l le t in 318 . 133 p. 
HITZMAN, M . W . , ORESKES, N. A N D EINAUDI, M . T. (1992) : Geo log i ca l charac te r s and tec ton ic se t t ing of P r o t e r o z o i c iron 

o x i d e ( C u - U - A u - R E E ) depos i t s . P r e c a m b r i a n R e s e a r c h 58 , 2 4 1 - 2 8 7 . 
POLLARD, P. J. (2000) : E v i d e n c e of a m a g m a t i c f lu id and meta l s o u r c e fo r F e - O x i d e - C u - A u minera l i za t ion ; in Por te r , T . M . 

(Ed. ) , H y d r o t h e r m a l I ron O x i d e C o p p e r - G o l d & Re la t ed Depos i t s : A Globa l Pe r spec t ive , Aus t ra l i an Mine ra l F o u n d a t i o n , 
Ade l a ide , 2 7 - 4 1 . 

HUHMA, H. , CLIFF, R . A. , PERTTUNEN, V. & SAKKO, M . (1990) : S M - N d and P b i so topic s tudy of m a f i c rocks a s soc ia t ed with 
ear ly P r o t e r o z o i c con t inen ta l r i f t ing: the P e r a p o h j a schist bel t in no r the rn F in land . Con t r i bu t i ons to M i n e r a l o g y and 
P e t r o l o g y 104 , 3 6 9 - 3 7 9 . 

L I I P O , J. & L A A J O K I , K. (1991) : M i n e r a l o g y , g e o c h e m i s t r y and m e t a m o r p h i s m of the ea r ly p ro t e rozo i c V a h a j o k i i ron ores , 
nor the rn F in land . Bul le t in of the Geo log ica l Soc ie ty of F in land . 63. 69 -85 . 

NIIRANEN, T . , HANSKI, E. & EILU, P. ( submi t t ed ) : R o c k s , a l te ra t ion and iron depos i t s in Mis i r eg ion . Bul le t in of the Geo log i ca l 
Soc ie ty of F in l and . 

NUUTILAINEN, J. (1968) : O n the geo logy of the Mis i I ron O r e P rov ince , Nor the rn F i n l a n d . A n n a l e s A c a d e m i c a e Sc ien t i a run 
F e n n i c a e , Se r i e s A. III. 9 8 p . 

143 


