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I n t r o d u c t i o n 

The Tuomivaara iron formation is located 
in the the so called Tuomivaara belt of the 
Karel ian schist zone in the parish of Sotka-
mo, central nor thern Finland (Fig. 1). The 
belt is easily accessible along the road 899 
appr. 30 km East of Kajaani . Good expo-
sures of iron formation are found along, or 
in the vicinity of, the road 901. The Nur -
mes—Kontiomäki railroad runs almost on 
the iron formation. 

Topographically the Tuomivaara and Naa-
pur invaara hills, both being built of iron 
formation and related rocks, make pro-
nounced landmarks in the otherwise ra ther 
modestly reliefed surroundings of the Tuo-

mivaara belt. Appr. 6 km South of Naapu-
r invaara stands the Vuokat t i hill, which, 
being built of Karel ian quartzites, forms the 
highest point in the district. 

The Tuomivaara iron formation has been 
long known for its magnet i te contents (Wilk-
man 1921, 1924; Väyrynen 1933, 1954; the 
Suomen Malmi and Rau ta ruukk i companies' 
pr ivate reports). The mater ia l for this study 
was obtained f rom the previous geological 
mappings and diamond drillings by Rauta-
ruukki Oy. on the Tuomivaara deposit, and 
f rom the field work conducted by the pre-
sent author on the continuations of the Tuo-
mivaara iron formation to the South (the 
Naapur invaara area) and to the North (the 
Paakki area) in 1974. 
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Fig. 1. Location of the Tuomivaara area. 

The purpose of th is paper is to describe 
the l i thology and pet rology of the Tuomi-
vaa ra sil icate facies dominated iron f o r m a -
tion and re la ted rocks, to give the s t ra t i -
g r a p h y of the Tuomivaa ra belt in genera l 
te rms, and to discuss some points in the 
problemat ics of the s t ra ta bound iron ores. 

The microscope examina t ions for the p r e -
sent s tudy were car r ied out by the wr i t e r 
at the Explora t ion D e p a r t m e n t of R a u t a -
r u u k k i Oy., Oulu. The analyses presented 
in this pape r a re rou t ine XRF-rock assays 
of the Research Labora to ry of the Raahe 
Steel Works of R a u t a r u u k k i Oy. 

Stratigraphy and petrography of the 
Tuomivaara area 

The T u o m i v a a r a bel t belongs to w h a t is 
called the Kare l i an schist zone of the Sveco-

kare l i an orogeny (Simonen 1960, 1971). The 
sedimenta t ion on this zone has been est i-
ma ted to have t aken place appr . 2. 2—2. 3 
billion years ago (Geological S u r v e y of F in -
land A n n u a l Repor t 1972). It bo rders in the 
East to the Pre -Svecokare l i an g ran i t e gneiss 
complex. The lowermost s t ra t ig raph ic uni t s 
of the Kare l i an fo rmat ions are the basal 
fo rma t ion and quar tz i tes over la in by a local 
dolomite and a phyl l i te fo rmat ion . These 
fo rmat ions are the J a t u l i a n cont inenta l and 
epicont inenta l evolu t ionary series (Väyrynen 
1933, 1954). The phyl l i te fo rms a t rans i t iona l 
uni t to the mar ine J a tu l i an which is bui l t 
of a luminous and f e r rug inous phyl l i te and 
iron format ions . These J a tu l i an fo rmat ions 
are over la in by Kalev ian phyll i tes , qua r t z -
ites, black schists and volcanics. This sui te 
has a f lyschoidal charac ter . 

Fig. 2 is a s implif ied geological map, and 
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Fig. 2 Simplified geological m a p of the Tuomivaara area. 
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Fig. 3. S t ra t igraphy of the Tuomivaara area. 

Fig. 3 displays the s t r a t ig raphy of the Tuo-
mivaa ra area. 

The basement complex. The Pre -Sveco-
kare l ian g ran i t e gneiss complex is wel l ex-
posed East of the schist zone. These 
gneisses a re h ighly migmat ized and of ten 
homogenized into grani te . Severa l basic, 
and even ul t rabasic , in t rus ive bodies cut the 
gran i te gneiss. 

Basal formations. The outcrops of basal 
fo rmat ions be tween the basement complex 
and the Svecokare l ian fo rmat ions are sparse 
in the Tuomivaa ra area. The discordance 
level is not exposed in the area, and only 
locally in its vicini ty a re basal conglomerates 

found containing rounded quar tz and g ran i t e 
pebbles wi th d iameters of 2—3 cm. 

Quartzite. The over lying quar tz i tes a re 
clastic and, especially in the lower par ts , 
usual ly r a t h e r coarse grained. Conglomera-
tic var ie t ies a re also met wi th , the pebble 
ma te r i a l being most ly quar tz . Glassy, mas -
sive, and a more clearly bedded or tho-
quar tz i t e a re comon types. The or iginal 
ca rbona te content is visible in some places 
as dissolved pits in cer ta in beds. Towards 
the top the quar t z i t e becomes more f ine 
grained, and in terca la t ions of phyll i te , and 
even clayey schist, a re encountered . 

The total th ickness of the quar t z i t e is not 
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known, bu t it is es t imated to be several 
h u n d r e d s of metres . 

Dolomite. A dolomite bed some tens of 
met res (maximum) thick exists be tween the 
quar tz i te and the over ly ing phyl l i te at P a a k -
ki, Nor th of Tuomivaa ra (Figs. 1 and 2). 
E l sewhere in the Tuomivaa ra a rea only a 
10 cm thick pu re dolomite band has been 
found in a dril l hole at Tuomivaara . 

Phyllite (Jatulian). The quar tz i te grades 
u p w a r d s into pelitic schists, the phyl l i te fo r -
mat ion. The thickness of this uni t is of the 
order of 100—200 metres . The phyl l i te is 
o f ten da rk and g raph i t e bear ing resembl ing 
»black schist». Aluminous , porphyroblas t ic 
(garnet, s tauroli te) var ie t ies a re also met 
with. 

Garnet bearing phyllite. A garne t i fe rous 
var ie ty is found as the uppermos t uni t of 
the phyl l i te horizon (Fig. 4). The rock is 
enr iched in iron as compared wi th the above 
ment ioned phyl l i te {cf. Table 1). The case 
is one of mixed clastic and chemical sedi-
menta t ion the clastic sed imenta t ion being 
ceasing and the chemical sedimenta t ion t ak -
ing over; the iron fo rma t ion is at its ini t ial 
stage. This ga rne t bear ing phyl l i te is easily 
recognized on the outcrops, and it thus 
makes a good m a r k e r horizon. It occurs 
sys temat ica l ly be tween the under ly ing 
phyl l i te and the over ly ing iron format ion . 
The thickness of the ga rne t bear ing phyl l i te 
horizon is a few tens of met res (est imated, 
30 m). 

Under the microscope this rock (specimen 704-
0102) appears to be composed of garnet, biotite 
and quartz with the following accessory minerals: 
tourmaline, apatite, zircon, and a few opaque 
grains. The diameters of the garnet grains 
approximate 2—3 mm. Tourmaline is found as 
euhedral grains (lengths up to 0.2 mm) throughout 
the thin section. The texture of the rock is 
blastoclastic. 

Iron formation. The iron fo rmat ion makes 
an appr . 200 met res thick horizon, wi th 

c m 

Fig. 4. Specimen 704-0102. Garnet bearing phyllite. 
Garnet crystals (white) in a fine grained quartz-

biotite matrix. 

local variat ions, including the appr . 10 m 
thick magne t i t e rich horizon and the 30 m 
thick black schist horizon at the top of the 
uni t . The appa ren t w id th may be locally 
exaggera ted due to folding (cf. chap te r 
Structure). 

The t rans i t ion f r o m the under ly ing ga rne t 
bear ing phyl l i te to the iron fo rma t ion is 
qui te clear. The appearance of coarsely 
gra ined amphibole and i ron sulphides, the 
coarsening of the gra in size of the garnet , 
and the lack of visible clastic ma te r i a l a re 
the most dis t inguished fea tu res to m a r k the 
contact. 

On the outcrops and in the dril l core the 
fol lowing main li thological types of i ron 
fo rmat ion are macroscopical ly ident i f ied: 
— ga rne t -g rune r i t e rock ( ± quar tz , py r rho -

t i te and minor magnet i te) 
— ga rne t -g rune r i t e -magne t i t e rock 
— grune r i t e rock 
— quar tz -b io t i t e -magne t i t e rock 
— quar t z -magne t i t e ( ± graphi te , g rune r i t e 

and garnet) assemblage is found close to 
the top of the iron fo rma t ion 

— qua r t z -py r rho t i t e ( ± pyr i te ) -graphi te 
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Fig. 5. Outcrop 704-0105 f rom Naapur invaara . 
Typical banded s t ruc ture in silicate iron fo rma-

tion. 

schist (the »black schist», or the »sulphide 
schist») tops the iron formation horizon. 

Graphi te is a mineral typical of all of 
these assemblages forming very f ine grained 

ash-like disseminations in the silicates, and 
also forming distinct f ine grained graphi te-
magnet i te-quar tz (chert) layers. Pyr rhot i te 
(± pyrite) is also a typical mineral forming 
ra ther pure bands and/or disseminations 
within the iron silicate bands. Pa r t of the 
pyrrhot i te is mobilized and is now found as 
f rac tu re fillings (Fig. 18). 

The microscopically detected thicknesses 
of individual bands (microbands) in the iron 
formation are quite constant: appr. 1—2 mm. 
In addition, th inner bands (0.5—1 mm) are 
also found in the magneti te bearing horizons. 
Clastic horizons (phyllite) a few centimetres 
thick are occasionally found in the other-
wise pure chemical sediments practically 
lacking clastic material . Appr. 5 mm thick 
chert bands are found throughout the iron 
formation. Fig. 5 displays an outcrop with 
the typical banded s t ructure of the Tuomi-
vaara iron formation (mesobands). 

In the following, the pet rography of the 
iron formation is given in the light of typical 
specimens mainly f rom Naapur invaara . To 
compare chemical compositions, please refer 
to Table 1. 

Table 1. Analyses of typical Tuomivaara belt rocks. The specimens are described in text. 

Lithological type 
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Phyll i te (Kalevian) 704-
0123 0,7 5,9 7,6 0,2 0,5 0,1 0,04 69,2 2,4 2,9 11,5 3,5 0,01 1,3 0,2 

Iron 

Format ion 

Pyrrhot i te -
graphi te schist 

Magneti te- iron 
silicate rock 

Gruner i te rock 

Garne t -gruner i te 
rock 

0126 

0107 

0113 

0101 

2.5 

11,0 

6,3 

1.6 

16,6 21,3 0,2 0,3 0,0 0,09 48,0 1,3 3,4 11,8 4,6 0,00 2,4 8,9 

31,1 40,3 0,7 0,3 0,3 0,02 41,7 2,2 4,6 5,1 0,4 0,00 0,8 0,1 

29,8 38,3 1,8 0,2 4,2 0,02 37,1 2,7 6,3 3,0 0,1 0,00 0,9 0,1 

21,3 27,4 1,1 0,3 0,3 0,02 51,2 2,2 4,8 6,2 0,6 0,00 0,8 0,3 

Garne t bear ing phylli te 
Phyll i te (Jatulian) 

0102 
0122 

1,0 
3,3 

15,4 19,8 0,2 0,7 0,1 0,02 53,7 1,1 4,1 11,2 4,7 0 01 0 3 0 3 
5,7 7,3 0,2 0,9 0,1 0,04 62,3 0,3 1,6 18,7 6,2 0,01 2^1 0̂ 2 
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Fig. 6. Specimen 704-0101. Garnet -gruner i te -b io t i te -quar tz rock. Garne t 
crystals (white) in graphi te-pigmented biot i te-gruner i te-quar tz bands (grey), 

and chert bands (white). 

Specimen 704-0101 (Fig. 6) 

The consti tuent minerals of this specimen are 
garnet, gruneri te , biotite and quartz, and the 
accessory minerals are apatite, carbonate, graphite, 
magnetite, pyrrhot i te and marcasi te. 

Garnet is found as porphyroblasts up to 7 mm 
in diameter . Most of the grains display weak 
anisotrophism visible in lamellar textures . 

Gruner i te occurs as porphyroblasts in clastic 
mater ia l and massive biotite. The following 
optical propert ies are valid, wi th only minor ex-
ceptions, for all gruner i tes of the Tuomivaara 
iron formation. 

c y = 15° 2Vz close to 90°. 
y = pale yellowish b rown 
ß = very pale yellowish (almost colorless) 
a = almost colorless ( / > > / ? > a) 

Polysynthetic twinning is common. 
Biotite is massive, da rk brown to black in color 

wi th some green grains. 

Quartz is found part ly as massive bands (chert?), 
par t ly as granoblastic (clastic?) grains. 

Graphi te occurs as disseminations and as in-
clusions in silicates except garnet, which does not 
take graphi te inclusions, but pushes the graphi te 
outside and packs it as a tight r im around it (as 
also in specimen 704-0125, Figs. 13 and 14). 

A few raggedy magnet i te grains are found in 
the iron silicate layers. Pyrrhot i te and its a l tera-
tion product, marcasite, are mainly associated wi th 
the chert bands. 

The tex ture of the rock is banded, par t ly 
granoblastic (chemical sedimentation), possibly 
par t ly blastoclastic (quartz grains). 

The a lmandine and gruner i te f r o m specimen 
704-0101 were analyzed and appeared to contain 
27.0 °/o and 29.8 °/o total iron, respectively. 

Specimen 704-0113 (Fig. 7) 

This rock is composed of gruneri te, garnet and 
biotite wi th accessory chlorite, hornblende, apatite, 
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cm 

Fig. 7. Specimen 704-0113. Gruner i te-garnet -biot i te rock. Garne t crystals 
(white spots) and par t ly destroyed white chert bands in coarse poikiloblastic 

gruneri te . 

cm 

Fig. 8. Specimen 704-0107. Magneti te (white) dissemination in banded garnet -
gruneri te-biot i te rock. 
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quartz, magneti te, hemati te , goethite, pyrrhot i te 
and pyrite. 

The rock is coarse grained: the lengths of 
gruner i te crystals of ten exceed several centimetres. 
These poikiloblastic macrocrystals enclose garnet, 
biotite and goethite grains. 

Specimen 704-0107 (Figs. 8 and 9) 

The rock is composed of garnet, gruneri te, 
biotite and magnet i te with accessory quartz, 
carbonate, graphi te and pyrrhoti te . 

The diameters of garnet grains are 4—6 mm. 
The grains contain inclusions of amphibole, 
biotite, magnet i te and a colorless al terat ion 
product. Zonal and lamellar s t ructures appear 
as weak anisotrophism when viewed through 
crossed nicols. 

The m a x i m u m lengths of the gruner i te needles 
are appr. 2 mm, average 0.3 mm. 

Biotite occurs as bands and individual grains 
0.5 m m in diameter . 

Magneti te is found mainly wi th gruner i te 
crystals and in massive bands composed chiefly 

Fig. 10. Specimen 704-0126. Pyrrhot i te (white) bands in quar tz-biot i te-
graphi te rock. 

Fig. 9. Specimen 704-0107. Raggedy magneti te 
grains (white) in a silicate matr ix . Polished sec-

tion, nie. - , X 70 
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Fig. 11. Specimen 704-0126. Pyrrhot i te (black), 
quar tz (white), biotite (grey) and graphi te (black 

»dust»). Thin section, nie. - , X 45. 

of gruneri te . The raggedy magnet i te grains show 
a tendency to euhedra l crystal form. They con-
tain silicate inclusions. The diameters of magnet i te 
grains approximate 1 mm. 

Graphi te occurs as th in f lakes (length appr. 
0.05 mm) paral lel to the bedding. 

The rock has a banded s t ructure (the thicknesses 
of the bands are 1—3 mm) and a granoblastic 
texture . No clastic grains are found. 

Fig. 15 is another example of a clearly banded 
iron silicate rock. 

Specimen 704-0126 (Figs. 10—12) 

The consti tuent minerals of this rock a re 
pyrrhoti te , quartz, biotite and graphite. Marcasite 
and minor chalcopyrite a re found in connection 
wi th pyrrhoti te . 

Pyr rhot i te usually occurs as individual grains 
(diameters appr. 0.2 mm) which are ar ranged in 
distinct bands. 

A peculiar f ea tu re in some of the thicker 
pyrrhot i te bands is the generat ion of botryoidal 
marcasite, which develops along cracks in pyr -
rhotite, and also qui te separately inside pyrrhot i te 
grains. The diameters of the marcasi te grains 
approximate 0.05 mm. They regular ly display 

Fig. 12. Specimen 704-0126. Botryoidal marcas i te 
(white) in pyrrhot i te (grey). Polished section, 

nie. - , X 340. 

concentric textures. Similar marcasi te was de-
scribed by Sceglova (1974) in the sulphides of the 
Komsomolskaya iron format ion on the Kola 
peninsula, USSR. 

The tex ture of the rock is granoblast ic (sul-
phides, biotite), but at least some of the quar tz 
grains might be regarded as blastoclastic. 

A c h l o r i t e w h i c h a p p e a r s to b e of p r i m a r y 
p r o g r a d e o r i g i n h a s b e e n f o u n d in s p e c i m e n 
704-0132 (Fig . 16). T h e m i n e r a l a s s e m b l a g e 
of t h i s s p e c i m e n is g a r n e t - g r u n e r i t e - c h l o r i t e 
( - q u a r t z - c a r b o n a t e - m a g n e t i t e ) . T h e r e is n o 
b i o t i t e i n t h e t h i n sec t ion . T h e c h l o r i t e is 
f r e s h g r e e n , o p t i c a l l y n e g a t i v e . T h e d i a -
m e t e r s of t h e w e l l c r y s t a l l i z e d g r a i n s a p p r o x -
i m a t e 0.3 m m . I t o c c u r s m a i n l y in o r a t t h e 
e d g e s of t h e r a g g e d y g a r n e t g r a i n s t o g e t h e r 
w i t h q u a r t z , c a r b o n a t e a n d a m p h i b o l e n e e -
d les . T h e r e a r e n o i n d i c a t i o n s of t h e c h l o r i t e 
b e i n g a n a l t e r a t i o n p r o d u c t , i t l o o k s m o r e 
l i k e l y t h a t i t is a p r i m a r y , p r o g r a d e m e t a -
m o r p h i c m i n e r a l w h o s e p r e s e n c e i n t h e 
a l m a n d i n e - a m p h i b o l i t e f a c i e s c a n p r o b a b l y 
b e c o n t r i b u t e d to t h e p r i m a r y c h e m i c a l c o m -
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Fig. 13. Specimen 704-0125. Garne t (white) crystals 
in highly graphi te pigmented gruneri te-biot i te 
matr ix . Thin section, without microscope. X 3.5. 

Fig. 15. Specimen 704-0237. Typically microbanded 
s t ructure in garne t -gruner i te -hornblende-quar tz 
rock. No clastic grains visible. Thin section, wi th-

out microscope, X 3.5. 

Fig. 14. Specimen 704-0125. Graphi te (black) r ims 
garnet (bottom, white), and occurs along the 
cleavage surfaces of a gruner i te porphyroblast . 

Thin section, nie. - , X 45. 

Fig. 16. Specimen 704-0132. Garnet (right, white) 
with chlorite (grey) intergrowths, and gruner i te 

(left). Thin section, nie. -, X 45. 
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Fig. 17. Specimen 579-0089. Highly chloritized 
garnet (white, bottom) and chlorite (retrograde 
af ter biotite) wi th sphene crystals. Thin section, 

nie. - , X 45. 

position of the whole rock (deficiency in 
K 2 0) . 

A clearly re t rograde chlorite occurs in 
specimen 579-0089 f rom Tuomivaara. The 
original garnet-biot i te rock has been altered 
into the paragenesis garnet-chlori te-sphene 
(Fig. 17). Some of this yellowish green 
chlorite still shows a brownish pleochroic 
t int and relatively high interference colors, 
which refer to the parent mineral , biotite. 

Phyllite (Kalevian). Strat igraphical ly 
above the iron formation there are phyllites 
with local conglomerates. Quartzites also 
belong to this suite. In addition, graphi te-
and sulphide-bearing black schists and, f u r -
ther to the west towards the internides 
(Aubouin 1965) of the geosyncline, basic 
volcanics, related sediments, gabbroic rocks 
and ultrabasics are encountered. These 
phyllites belong to the Kalevian s t ra t igraph-
ic unit (Väyrynen 1954; Simonen 1960, 1971). 
The distribution and the relations of the 
Ja tu l ian and the Kalevian units are not quite 

clear in the Tuomivaara area, but this is a 
problem of its own and is out of the scope 
of this account. 

Unlike the Ja tu l ian phyllites, the Kalevian 
phyllites locally contain conglomerates. The 
pebble mater ia l of these conglomerates 
mostly consists of quartz, quartzite, and 
phyllite. These conglomerates have not been 
found to contain pebbles of the iron forma-
tion (although a more careful investigation 
might reveal some), but they contain peb-
bles of the garnet^bearing phylli te that lies 
immediately below the iron formation. 

The Kalevian phyllites with associated 
volcanics are thought to represent flysch 
sedimentation whose commencment marks 
the culmination between the evolutionary 
(Jatulian) and the revolut ionary (Kalevian) 
phases of the Svecokarelian orogeny. 

Fig. 18. Specimen 704-0237. Pyrrhot i te (white) 
bands a l ternat ing with iron silicate (garnet, grune-
rite, biotite) bands. The pyrrhot i te is par t ly 
mobilized filling cracks in silicate layers and 

crystals. 
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Structure 

The Tuomivaa ra a rea is charac te r ized by 
Nor th -Sou th s t r ik ing s t ra ta , genera l ly dipping 
steeply (70°—80°) to the West . This is also 
the genera l direction of the axial p lane 
schistosity. The direct ion of the regional 
fold axis is appr . N-S its p lunge being close 
to horizontal . 

The s t ra ta a re usual ly isoclinically s teeply 
folded. This can be seen especially on the 
phyl l i te and iron fo rma t ion outcrops. This 
resul ts in the repet i t ion of beds h inder ing 
the es t imat ion of t r ue thicknesses. 

A pecul iar f ea tu re is t h e r a t h e r la rge scale 
d r a g folding (or possibly cross folding) of the 
s t r a t a at Tuomivaara , wh ich produces a fold 
pa t t e rn resembling the le t te r Z on the 
geological m a p (Figs. 1 and 2). According to 
the dri l l ing data, this »Tuomivaara syncline» 
is sha rp bot tomed, p lunging appr . 40°NW, 
wi th a V-shaped cross section. F rom the 
economic s tandpoint th is s t ruc ture , together 
wi th the isoclinal folding, would be a f a -
vourab le f ea tu re d iminishing the s t r ipping 
ra t io in open pit construct ion, should only the 
g rade and concent ra tab i l i ty of the ore be 
bet ter . 

Metamorphism 

The Tuomivaa ra a rea has been regional ly 
me tamorphosed by the Svecokare l ian orog-
eny. The fol lowing sil icate mine ra l p a n -
geneses (with quar tz and carbonate) a re 
typical of the rocks of the Tuomivaa ra iron 
fo rmat ion : 
— ga rne t - bioti te - qua r t z 
— ga rne t - g rune r i t e - biot i te - qua r t z 

( -carbonate) 
— ga rne t - g rune r i t e - ho rnb lende - quar tz 
— garne t - g runer i t e - chlor i te - quar tz -

carbonate . 
Iron oxides and sulphides also belong to 

these assemblages. 

A 

Fig. 19. ACF diagram for the Tuomivaara iron 
formation rocks. The constituent minerals are 
almandine, grunerite, biotite, and quartz. Horn-
blende and carbonate are less f requent ly encount-
ered. Some of the chlorite may be of primary 
metamorphic origin. Staurolite occurs in the pelitic 

schists underlying the iron formation. 

These minera l parageneses indicate the 
in t e rmed ia t e degree of m e t a m o r p h i s m as 
detected by J a m e s (1955) in the iron f o r m a -
tions of n o r t h e r n Michigan. 

Fig. 19 is the A C F d iag ram for the Tuomi-
vaa ra rocks. I t mus t be noted tha t index 
minera l s a re lacking on the AC side because 
of the p r i m a r y chemical composit ion. The 
exis tence of possibly p rog rade me tamorph ic 
chlori te in this facies, ins tead of bioti te, is 
also l ikely to be due to the p r i m a r y chemical 
composition. According to the classification 
of T u r n e r and Verhoogen (1960), these 
assemblages would correspond to the 
a lmandine-amphibo l i t e facies (s taurol i te-a l -
mand ine subfacies). The mine ra l p a r a -
geneses indicate the excess of S i 0 2 and the 
deficiency in KL>0. 

Economic aspects 

The total i ron content is fa i r ly constant , 
appr . 25 wt-°/o, t h roughou t the Tuomivaa ra 
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i ron format ion . Appr . 5—15 °/o of the iron 
is magne t i t e bound. The tota l amoun t of 
i ron r ema ins cons tant even w h e n the cor-
responding amoun t s of iron bound to sili-
cates, magne t i t e and sulphides vary . This 
is indicated by the dril l core assay data . The 
only except ion to this ru le is the magne t i t e 
rich horizon close to the top of the iron fo r -
mation. Here i ron totals appr . 30 %>, of 
which the magne t i t e i ron accounts for appr . 
20—25 °/o. Throughou t the iron format ion , 
the appr . 0.9 % phosphorus , 1.5 °/o su lphur 
and 1—2 °/o g raph i t e contents a re also 
typical . 

Economical ly the Tuomivaa ra iron f o r m a -
tion is of low qual i ty . The average amoun t 
of magne t i t e is small, and it is ve ry f ine 
g ra ined usual ly occuring as ash- l ike disse-
mina t ion in cer ta in bands and in the por -
phyroblas t ica l ly g rown iron silicates. This 
makes the concent ra t ion of i ron di f f icul t : 
the magne t i t e is not l ibera ted by no rma l 
mill ing, the concent ra tes contain mixed 
grains, and the recovery is poor. The high 
phosphorus and su lphur contents a re also 
h a r m f u l fac tors in meta l lu rg ica l processing. 

Discussion 

The origin of i ron fo rmat ions (or »banded 
iron formations») has been discussed by 
several au thors (e.g. Nuut i l a inen and Mäkelä 
1973). Regardless of the source and t r ans -
por t mechanism of i ron the Eh- pH condit ions 
in the sed imen ta ry basin f ina l ly de te rmine 
the facies of the prec ip i ta t ing iron f o r m a -
tion. 

An in te res t ing approach to the exp lana-
tion of the origin of i ron fo rmat ions f r o m 
the geochemical s tandpoin t has recent ly been 
taken by Drever (1974). It is expla ined tha t 
the upwel l ing i ron bear ing wa te r s i n t e r f e r e 
wi th the a tmosphere th rough evapora t ion 
and t r anspor t of oxygen, thus resul t ing in 

changes in the Eh-pH field and the prec ip i ta-
tion of i ron minerals . This geochemical 
model seems to f i t to F innish iron f o r m a -
tions. This notion leads to the idea tha t the 
normal ly th inly banded (microbanding) 
s t ruc tu re of iron fo rmat ions could represen t 
periodic cycles (e.g. Trenda l l 1968). The 
the rma l d i f fe rence could speed u p evapora -
tion dur ing w a r m e r periods in the sedimen-
ta ry basin and thus account for the precipi-
tation. Days and nights and seasons are the 
only phenomena in n a t u r e t ha t repea t 
themselves as regula r ly as do the microbands 
in iron format ions . If the observed th ick-
nesses of microbands (appr. 1 m m on an 
average in the Tuomivaa ra iron format ion) 
represen t dai ly cycles it would only t ake 
appr . 600 yrs. to prec ip i ta te the tota l 200 m 
thickness of the iron format ion . This f igure , 
however , seems unreasonab ly low. Hence it 
might be be t t e r to assume tha t the micro-
banding represen ts seasonal cycles, which, at 
a precipi ta t ion r a t e of 1 mm/yr . , would 
requ i re 200 000 yrs. to build u p the 200 m 
thick iron format ion . 

The banded s t ruc tu r e of the T u o m i v a a r a 
iron fo rmat ion is also visible in geophysical 
da ta . The magnet ic susceptibi l i ty measure -
men t s made in the dril l holes at shor t 
in te rva ls display cer ta in regu la r undula t ions . 
This phenomenon could possibly be used to 
de te rmine bot tom direct ions (Professor P a a r -
ma, personal communicat ion) . 

As to the origin of the iron silicates in the 
Tuomivaa ra iron format ion , it is bel ieved 
tha t the present ly exist ing gruner i te , ga rne t 
and biot i te a re me tamorph ic equiva lents of 
the pre-exis t ing, or iginal ly p r imary , silicates. 
There a re no def in i te indicat ions of reac-
tions be tween ca rbona te and quar tz ; only it 
seems l ikely tha t the silicate facies, being 
most sensi t ive to the changes of minera l 
phases in p rograde me tamorph i sm, represen t s 
a t r ans fo rma t iona l series f r o m diagenet ic 
silicate(s) to low g rade metamorphic , and 
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fu r the r to intermediate grade metamorphic 
minerals: gruneri te , a lmandine and biotite. 

The presently known length of the Tuomi-
vaara iron formation belt is appr. 20 km, 
and it is expected to continue consistently. 
It is easily recognized in the field and on the 
(aero)geophysical maps. It thus makes an 
excellent marker horizon in the Karel ian 
schist zone. Iron formations have recently 
been found in the geological reconnaissance 
by Rau ta ruukk i Oy. also elsewhere in the 
Karel ian schist zone, and an iron ore deposit, 
probably on the strat igraphic continuation of 
the Tuomivaara belt, is being investigated 
by the Geological Survey of Finland at Puo-
lanka (Geological Survey of Finland, 
Annual Report 1973, pp. 23—26). There the 
oxide facies is also present; there is probably 
a lateral change f rom a silicate facies to 
an oxide facies. 

There are a few reports published on iron 
formations and related rocks in Finland dur-
ing the recent years (e.g. Paakkola 1971; Laa-
joki 1973; Nuuti lainen and Mäkelä 1973; Geo-

logical Survey of Finland, Annual Report 
1973; Lavikainen 1973). The recognization of 
the concept of iron format ion is important , 
not only f rom the point of view of the na-
tional r aw mater ial supply, but also f rom the 
standpoint of base metal exploration: the 
s t ra ta bound massive iron sulphide deposits, 
with or without economic value in base and 
precious metals, can simply be explained as 
the sulphide facies of an iron formation (e.g. 
Stanton, 1972). Together with other geolog-
ical and geophysical data, the iron forma-
tions, with their facies controlled by the 
sedimentary environment, give valuable in-
formation for both geological basic research 
(e.g. basin analysis) and mineral exploration. 
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