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1 . 

PREFACE 

This paper is aimed to serve as a guidebook on the 

field excursion with a theme " Exogenic processes and related 

metallogeny in the Svecokarelian geosynclinal complex" 

organi zed by the rGCP pro j ects 91 " Precambrian metallogeny" 

and 160 "Pr ecambrian exogenic processes " from 17th to 26th 

August, 1983. The guidebook is supplemented with aseparate 

paper by K. Laaj oki , 1983, " Ou tlines of the Pre cambrian 

exogenic geology of Finland ", Res Terrae , Ser o C, No. 3 . 

As the editors of this guidebook we wish to express 

our thanks to all the authors, who have planned the routes 

and selected the targets, and who also will act as field 

guides during the exc ur sion . We also thank Mr. Maleolm 

Hicks, M. A. for correcting the English of the manuscript 

and Mrs. Raili Junnila for typing and making up the pages . 

Oulu, June 1983 

Kauko Laajoki Juhani Paakkola 
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THE ARCHAEAN KUHMO GR~ENSTONE BELT 

/( . 7u.[/,ue(' , (c . IlulI",l'l , 11. 1(lIiJ/IlAll rll (//lei 7 . /'l i 'lil lnen , 

liniv("/ ~-ii(/ <l {J"f" , /)('/'l/ r/I/ll('lIi ,/' {/( ' ( ' {'(>(/I/ , .r lIllU/lIJII<lII , 

,\7 - <)()':>7(J olle" ')7 

INTRODUCTION 

The Kuhmo Res eareh Pro j ee t wa3 s tal' ted in 1977 at 

the Department of Geology , Uni vers i ty of Oulu . I ts aim 

was to yield geologieal info rmati on on the Arehaean Kuhmo 

greenstone belt for prospeeting purposes (Fig . 2 . 1) . 

As a result of this work an up-to - date geologieal map 

of the belt now exist,,; , its s trati graphical outl ines have 

been adjusted and the econornieally interesting rock uni ts 

have been linked with the stratigraphie seherna . The areal 

distribution of the greens tone belt roeks und their petro 

graphie and geochemical characteristics have also been 

determined . The results of the work are summarized in a 

geotectonic model which attempts to explain the geological 

evolution of the belt . 

STRATIGRAPHY AND PETROGRAPHY 

A large number of age determinn tions from the bel t , 

and especially from the grani. toide around i t, have been 

carried out by the Geol . Surv ey of Finland . Most of these 

are U/Pb " I r (~ s of ~ircons (Fig. 2 . 2) . 'l'he peak oE' thc 

frequency dis tri. bu tj on falls in the Lime range 2600 to 

2800 Ha. This interval corresponds to the worldwide late 

Archaean orogeny . 
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Fr equency diagram oi' 

and its vicinity as 

Survey of Finland . 

ca r ried out by the 

ages from the Kuhmo bel t 

published by Geological 

The determinations we r e 

U/Pb -m ethod on zircons , 

except for some common lead datings on galenas . 

The Kuhmo schist bel t is di vided i nto three stra ti 

g r aphie uni ts , which are, fro m the oldest to the youngest , 

the Luoma , Kellojärvi and Ontojärvi Groups (F i g . 2 . 3) . 

P r oterozoic mafic and ultramafic intrusiverocks also 

occur in the belt . 

The Luoma Group is composed of intermediate and acid 

metavolcanics and greywacke - like metasediments . 

The majority of the metavolcanics are pyroclastic 

r ocks , i . e . breccias, lapilli tuffs and tuffs . The grey

wacke - like schists in the uppermost part of the unit also 

contain large amounts of volca n ic material . 

The Kellojärvi Group comprises tholeiitic and 

komatiitic met Dvolcanics, which are thought on the basis 

of various primary struc tures 1..0 be produc ts oi' submarine 
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Group Formation Lithology Ages . E x cur s ion locatlons 
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Fig . 2 . 3 . Stratigraphie 

belt . 

schema of the Kuh mo greenstone 

volean ism . Th e lowermost 

the Pahakangas Forma tion , 

lavas , some massi v e and 

part of t h e Kelloj ärvi Gr oup , 

is eomposed of tholeiitie meta 

some pillowed . The flows a r e 

inte r ealated wi th t h in banded iron formations . The upper 

subuni t , the Sii v ikk o vaara Formation , eon tains ko ma ti i tie 

metalavas and 

jointing, flo w 

weIl p r eserved , 

composition . 

meta tuffs . Spinife x textures , 

breecias and pillow struetures 

even though eomplet e ly altered 

polygo nal 

are fai rl y 

in mine r al 

A polymietie conglomera te wi th pebbles of grani toids 

and mafie and f e lsic sehists is situated lowermost in 

the Onto j ärvi Group. This conglomerate is overlain by 



- 8 -

acid metavolcanics , which are 2760 Ma old 

and 511b ; Geol . Survey of Finland Annual 

and 1978, respectively) and covered by a 

(Samples A511 

Reports 1975 

quartzite and 

mica schist . Iron- rich tholeiitic and some komatiitic 

metalavas occur higher up in the Ontojärvi Group . The 

uppermost parts are composed of mica schists containing 

volcanic debris . 

Proterozoic mafic and ultramafic intrusives about 

2100 Ma old are common in the Kuhmo belt . A characteristic 

feature of these rocks is a cumulus 

cpx , cpx+mt , plag+cpx+mt . Edenitic 

sequence 01, ol+cpx , 

hornblende occurs as 

an intercumulus mineral in the early cumulates and plagio 

clase in the middle part of the sequence . 

STRUCTURE AND METAMORPHISM 

The structure of the Kuhmo greens tone belt is 

characterized by vertical or subvertical structural 

elements, bedding,schistosity and linear parameters . 

The schist belt has undergone a polyphase deformation 

and metamorphie history . The folds of the first phase 

were isoclinal, their axial planes vertical or subvertical 

and the fold axes gently plunging north or south . The 

later phases of deformation produced superposed structures . 

The axial planes of the second-phase folds mostly strike 

NW-SE . They are also subvertical . The youngest visible 

deformations are Proterozoic NW - SE - striking faults . 

The most intense metamorphie event during the Archaean 

was about 2650 Ma ago , when the peak of the metamorphism 

was reached. The prevailing PT conditions during the 

metamorphism were equal to the amphibolite facies . The 

highest metamorphie grade has been detected in the 

southernmost part of the bel t , at Tipasj ärvi, where the 

mineral paragenesis sillimanite - kyanite - staurolite is 

common in some aluminous schists . The last metamorphie 

event was Proterozoic, as shown by the Rb/Sr - ages of some 

biotites and potash feldspar samples . 
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GEOCHEMISTRY 

The metavolcanics of the schist belt are chemically 

contrasting, wi th both basic and acid rocks are common, 

although intermediate compositions are almost entirely 

absent (Fig. 2 . 4). Some of the tholeiitic rocks are 

compara ble to the ocean floor basal ts (Kello j ärvi Group), 

while others are Fe - rich tholeiites (Ontojärvi Group). 

The komatiites are not particularly rich in MgO, 

their MgO content varying according to their stratigraphie 

posi tion. The koma tii tic rocks of the Kello j ärvi Group 

are for the mos t part koma tii tic basalts (Mg < 18 %) and 

form a complete series wi th the 

vs (FeO>" /FeO>"+MgO) diagram (Fig. 

tholeii tes on the A1 20
3 

2. 5 ) . Komatiites with a 

MgO content between 24 and 27 % occur in the Ontojärvi 

Group. Here a gap exists between the Fe tholeiites and the 

komatiites (Fig . 2 . 5) . The majority of the felsic meta 

volcanics are Na - rich, like the corresponding plutonic 

rocks (Table 2 . 1). 

The Kuhmo greenstone belt (N =407) , 

:::/ 
)"1 
1I:j 

':1 
.1" ., ~o 511 6f1 ,~ "2 ;0 

Na .. Q 

" 
:>0', 

" 
" . 

K, O 

"l 
• "vi 

.::":"&t'bß.--. 
, .. 3 4 5 e 

Fig. 2.4 . Frequency distributions of eight major oxides of 

the belt metavolcanics showing their bi modal 

character . The data are from 407 major element 

analyses. 



Fig. 2 . 5. 

- 10 -

I 

'·0 !l-
I --~ 

I 

ON! [J.I ~RV I 

AI ,O, 

l~;" 
I AI,O 

I 

\ 

, , 
, . ._. / ,," .-. 
,~ ' '/ 

, .. if . .:.:/ 
.-:;. r, 

, .. ,,/ . -,) .. 
·r 

:"' / 

/' 
I 

, /: 

1',1 

.. I-

. .. 

'. 

- --~. -- -! / , '.. / , y ' 
/ ' 

// 

Distributions of 

and ultramafie 

the 

I 

" .. .. . . . 
, 

.. ;.~ .J. 
I 

.. a - •• 

. '., - ' - - _. _ .. - ,---, - --
IIN! [1.) ~ I<V I 

I .. 

: 

.. __ a :.: .... :~ .. .. . ~... . .. ,.~ .. '" .: 
, , 

.. , 
!qlll1.ln~V! .0,1 ,0 

'''1 " 

. \ ... , 

AI !) 

/"'., ,. I ",n 11 r " 

eompositions of mafie 

met a voleanies from different 

groups on A1 20 3 vs FeO*/(FeO*+MgO) and Ti0 2 
vs A1

2
0

3 
diagrams . The differenees, espeeially 

in the former diagrams are striking . 



Table 2 .1. 

GROUP 

FORJolATIOS 

SiO l 
TiOz 
.U Z0 3 
Fe ~03 
FeO 

.'!nO 

)lgO 

laO 

~a20 

K ,0 

P ,0, 
Itil 

TOT. 

:\i 

Co 

cr 
Sc 

Rb 

Ba 

La 

Sm 

\b 

53, uO 

O.H 

15. O. 

~ . ~ 8 

LI .1 2 

3.58 

.) . d.l 

.; . '10 

0.33 

1,1 

J :U 

Che mical compositions of some volcanic ro cks of the Kuhmo greenstone belt. 

LUOMA KELLOJÄRVI 

PAHA
KANGAS SIIVIKKOVAARA 

08. 10 

0.38 

15.23 

.>. ~~ 

0.U9 

2 .1 b 

5 . -hl 

ll .l O 

U. IU 

I.n 

1 uO. 38 

"'.3. 10 

0.19 

15. ; 2 

1 . .> :-

0 . 05 

U. - U 

1.501 

0.05 

1 . 30 

U . 10 

.0S 

1 nu . 

J U 

18 

~9 -

2J.J 

I. Sl 

U . ,,-

5 1 . 02 

0.80 

15.59 

2. 503 

8.15 

0.19 

0.8;; 

10. -ö 

2 .1 2 

lJ.22 

0.11 

I . 13 

99 . l-

• - . -0 

0 . 80 

o. ~ I 
II . SO 

lo u .83 

1.-) 

. ~ :1 

1 . - 5 

18. SO 

U. : I 

12 . :-.) 

13 . .t .5 

0 .21 

11. 10 

3 . 1 S 

IlJJ.o3 

13 J 

~Su 

-t2.50 

0 .53 

I u.38 

I •. S9 

O. ~ I 

I'; . 10 

55 ' 

1 . Slb .? Intermediate metavol canite . Suomussalmi . 

529. Fclsi c meta vol ... ·.:lflite. Suomussal"Tli . 

:>. 598. Fclsie metavoleanite. 5uomussalmi. 

~. Avera~e of 5 analyses. P3hakan~as. Kuhmo. 

5. bO~.l.-EJII . Ultramafic metalava . 5trinQ: - beef s!1inifex. 
Si i vikkovaar3, Kuhrno. 

.13.5 0 

II .00 

~. -1 

13 . 55 

.3 S 

;:J . 31 

b. bO~.~.-EJH. Ultramafie metalava. Randomly oriented spinifex. 

S i ivikkovaara, Kuhmo. 

604.3 . -EJH. Ultramafic metalava. BI- zone . 5iivikkovaara. 
Kuhrno. 

B. 604.S.-EJH. Ultramafic metalava. 8 l - zone . 5 iivikkovaara, 
Kuhmo. 

llNTOJARVI 

.JUURIKKA~I E)Il PETÄJÄ~IE~1 

".9U 

O. oll 

IJ.90 

13 . 9U 

U .~. 

11 .8 1/ 

2 . 1 S 

1. Jo 

i. .':-

i . ":':> 

1.':.) 

III 

15.:; :; 

1 . 33 

33S 

11.0 

1. 0': 

1I 

013.;0 

o. z; 

14.10 

U. ; l 

. , I 

v . 80 

12 

-;.50 

I). ~ 1 

IZ . ö l 

0.3 b 

0.,3 

0 . 01 
1).09 

l.l O 

., ;1. 
1. 30 

v.uo 
0 .30 

, 0 

218 

0: 

o . .: 

I., 

13 

18 .69 

0.95 

Il . 05 

2 .09 

0.25 

0 . 5 5 

10.31 

.? Sb 

0.39 

Il. U5 

!. 59 

,)8.01 

110 

50 

220 

~. 300-EJH. ~assive met alava. Mäkinen, Kuhrno. 

Il 

51.66 

0.63 

13.n 

!. 90 

I !. I Z 

0.2.3 

;.00 

9 . 13 

Z .lS 

0. 13 

0.00 

1.69 

100.l9 

90 

00 

19 0 

10. llZ-HOK. FeIste metavoleanite . Juurikkaniemi , Kuhmo. 

11. 3SZ-HOK. Felsie metavol ca ni te . Vuosanka, Kuhmo. 

11. lS4- HOK. Feisie metavol ca nite. Vuosanka. Kuhmo. 

13 . .J-IKT . Mafie metalava (Fe-tholeiite). Kitee, Kuhmo. 

1.1 . 38-KJT . ~!afic metalava. (Fe-t holeiite) . Sof On to järvi, 

Kuhmo. 

15. 

16. 

20-KJT. Ultramafic metalava. Hornasenvaara. Kuhmo. 

31l-HOK. UltramaFic pillow lava. Vuosanka, Kuhmo. 

IS 

43 .64 

0 . Z4 

8.41 

2.28 

8.91 

0.18 

2 -l • 1 ~ 

6.5 7 

0.08 

O. OZ 
0 . 00 

6.0-

100.52 

1080 

100 

16 

41 . 30 
0.55 

S. - 8 

3.52 

6.~9 

o .Il 

30 .- 3 

'>.31 
0.0-

0.01 

0.00 

8 .•• 

103 0 

99 

:6 



- 12 -

GEOLOGICAL EVOLUTION OF THE KUHMO GREENSTONE BELT 

The field and laboratory data obtained from the Kuhmo 

greens tone bel t are best explained by a geotectonic model 

which contains a volcanic island are wi th i ts subduction 

zone a n d an active ma r ginal sea . 

The cyclic volcanism of the schist belt always begins 

wi th an acid stage (the Luoma Group ; the Juurikkaniemi 

Formation of the Ontojärvi Group) . The REE model 

calcula tions suggest tha t t h e acid magma could be der i ved 

from the partial melting of wet amphibolites . These melts 

originated from the subduction zone at a depth of about 

40 - 50 kilometres . The tholeiitic and komatiitic magmas 

were produced at grea ter depths as a resul t of gradually 

increasing melting of the mantle . They were extruded 

on the floor of the active marginal sea . The basic 

volcanism could have been at least to some extent 

contemporaneous with the acid island are volcanism . 

The granodiorites surrounding the belt are chemically 

sim i la r to the acid me ta volcanics . Probably both of them 

b e l ong to the same magmatism , r epresenting its p l utoni c 

and volcanic products . This is also supported by the 

age determinatj ons . 

The majority of the greywacke - like schists associated 

with the Kuhmo greenstones are the weathering products 

of the volcanics . 

It is not impossible that the basement of the Archaean 

Kuhmo greens tone may not have been the sialic Belomorian 

cra ton , which would ha ve been rno bi li zed for the mos t part 

in the Kuhrnoan orogeny during the late Archaean . 

EXCURSION SITES 

For the geographical and stratigraphie location of 

the excursion sites , see Figs . 2 . 1 and 2 . J . 
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stop 1 

Cutting on the road to Nurmes, 5 km from Kuhmo 

A migmatized metagreywacke with fairly well-preserved 

graded bedding. The light parts of the beds contain 

quartz, plagioclase and a little biotite, while biotite 

is the most common mineral in the dark parts. The present

day texture of the rock is crystalloblastic, but the 

original clastic features of the quartz and feldspar grains 

can be seen in the middle parts of many metamorphic grains. 

100 -'. 

80 

80 

40 

30 

20 

10 

S YMBOL S 

• Melaurevwa c ko , Kuhmo 

• Granodlorlle , Kuhm o 

: \ Metada c ltes , Kuhmo 

ARCHAEAN GREYWACKES 
, ( """01 MAN' H .... "IH . •• 73 ) 

(WllUfNAJf , COHOIE . "731 

...... ~Kl00 

'~ ~E538 

~" ~H362 

'\. ""2 

La Ce Nd Sm Eu Tb Dy Tm Vb Lu 

Fig . 2 . 6 . REE patterns for a me tagreywacke, a granodiori te 

and some felsic metavolcanics from the Kuhmo 

greens tone bel t. For comparison, some da ta from 

other Archaean areas are included in the same 

diagram . Sample K100 represents the outc rop 

studied here, sample Hl12 is from NW shore of 

Lake Ontojärvi and samples E538 and H352 from 

the Siivikko and Vuosanka areas respectively. 

----------------------------------------- - - - -
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Table 2 . 2 . Major oxide and some trace element averages 

of some Precambrian metagreywackes . 

Si02 
Ti0 2 
Al 20

3 
FeO>'c 

MgO 

GaO 

Na
2
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K2 0 

Ba 
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Rb 

Sr 

Na 20 / K2 0 

AI 20
3

/Na 2 0 

K/ Rb 
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62 . 0 
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1 7 • 1 

7 . 62 

3 . 40 

2 . 55 
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50 
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4 . 38 

224 
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64 . 4 
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15 . 5 

5 . 9 

3 . 1 

2 . 2 

3 . 7 

2 . 4 

91 

88 

424 
1.5 
4 . 2 

230 

1 . Sarnple K100, this outcrop . 
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66.2 

0 . 52 

10 . 2 

6 . 3 

4 . 5 

2 . 0 

1 . 8 

1 . 6 

319 

290 

54 

98 

1 . 1 

5 . 7 

2 16 

2 . Av erage of Wyoming greywackes>'c . 

3 . Average of Sheba- greywackes* . 

4 . Av erage of Belvue Road greywackes* . 

5 . Av erage of Precambrian greywackes* . 

4 

59 . 8 

0 . 55 

12 . 9 

5 . 9 

4 . 4 
3 . 2 

2 . 8 

2 . 2 

626 

160 

90 

354 

1 . 3 

4 . 6 

204 

5 

64 . 7 

0 . 57 

13 . 4 

6 . 3 

3 . 2 

3 . 0 

3 . 0 

2 . 0 

108 

Data 

(1970 ) 

from : Gondie , 

Petrology and 

K. G., Macke, 

geochemistry 

J . E. & Reimer , T . O. 

of early Precambrian 

greywackes from the Fig Tree Group , South Africa . Geol . 

Soc . America Bull . 81, 2759- 2775 . Tables 2 and 3 . 
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The maj or element chemi cal composi tion of the 

greywacke is close to that of the Wyoming greywackes 

2.2), although the Ni content is somewhat lower. 

might suggest a smaller amount of mafic material 

source area oof the sediment. 

meta

(Table 

This 

in the 

The REE distribution of the metagreywacke seen in 

the outcrop does not differ notably from the corresponding 

distributions of the other Archaean greywackes (Fig. 2.6). 

The possi ble source material for the greywackes consists 

of the surrounding grani toids , at least some of which are 

chemically quite similar to the rock of the outcrop . 

The other possible source is the felsic volcanics 

of the Ontojärvi Group, whose stratigraphie position is 

the same as tha t of the greywacke s . Mixing of some mafic 

ma te rial wi th the fels ic volcanogenous de bri s could well
o 

produce the REE pattern and Ni content observed here. 

At 

schist 

biotite 

Stop 2 

500 m NE of the Kitee farmhouse, Kuhmo 

the eastern edge 

which is composed 

(Fig. 2.7). This 

of the outcrop there is a mica 

almost solely of quartz and 

mica schist is greywacke-like 

and even graded in many out crops . There is no essential 

difference between this rock and the rock type in the 

previous outcrop. 

The mica schist is cut 

plagioclase porphyry dyke. 

are well-preserved euhedral 

by a seemingly conformable 

The matrix of the porphyry 

plagioclase phenocrysts, the 

originally zonal texture of which is seen as relicts in 

thin sections. 

The majority of the outcrops are formed of mafic 

to ultramafic metalava. The flow faces westwards suggesting 

that the metavolcanics are situated upon the metasediments. 
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2M 

Fig.2.7. Sketch map of site 2. 

The eumulus zone of the flow in i ts reeent form is 

composed of block-like colourless amphiboles, which are 

probably pseud omorphs after pyroxene. The minerals are 

randomly oriented and form a fairly homogeneous mass. 

Bi oti te oecurs in the in ters ti ce s between the amphibole s . 

About 1 m up from the base of the flow there is a 

zone 10 em in width in which light green hornblende forms 

a randomly oriented 

and 

spinifex-texture. Grains 

biotite oeeur between the 

of plagio-

amphibole clase, 

needles. 

quartz 

The eumulus zone of the flow is ultramafie and 

the upper parts mafie. 
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Stop 3 

The conglomerate of Kitee and its surroundings 

The most common rock type in the locality is the 

Fe-rich tholeiitic metalava (Fig. 2.8). The occurrence 

of pillow structures in these rocks suggests submarine 

origin. Agglomerates and amygdaloidal-like lavas also 

occur. The lava flows are intercala ted wi th thin, rusty 

quartzose layers, which are interpreted as being originally 

chemical silica precipitates . 

Fig. 2.8. 

N 

I 

~ PILLOW LAVA 

PLAGIOCLASE 
PHENOCRYSTS 

CHERTY 
INTERBEOS 

o 

" 
~ . ..~ 

: 8°1 .. 
'. 
". 

q'8°o CONGLOMERATE 

8y BEOOING 

Sketch map of the Ki tee conglomera te and i ts 

surroundings. 
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The mafic metavolcanics are 

blende (> 80 %) and plagioclase. 

composed of green horn

They are weakly oriented 

and the texture is massive in the pillow lavas . The quartz

rich interbeds contain abundant iron sulphides and some 

graphite locally . Chalcopyrite has also been found . 

At the northern edge of the area there is a poly 

mictic conglomerate of extraordinary character. Measuring 

some 8 x 15 m, the occurrence is surrounded by volcanics 

on every side . The contacts between the volcanics and 

the conglomerate are sharp and the conglomerate seems 

to " cross-cut" the volcanics . 

The pebbles of the conglomerate are grani toids and 

metavolcanics, mica schists and cherts from the belt . 

The grani toids are tonali tes and granodiori tes or quartz 

diorites . No potash granites or migmatites have been 

found. The granitoid pebbles and boulders are well-rounded 

and mostly sizable, the largest ones exceeding one metre 

in diameter . 

The rock fragments originating from the belt are 

smaller and chiefly sharp-edged . The rock types of the 

greens tone belt are represented by felsic , mafic and ultra 

mafic metavolcanics . Fragments of mica schist abound . 

It is significant that many rock fragments were folia ted 

before intermingling with the conglomerate . 

The large size of the conglomera te boulders suggests 

a rough topography during sedimentation . The gran i toids 

were probably carried from further away than the sharp

edged fragments of the schist belt. It is possible, 

though, that the differences in the roundness of the 

pebbles may result from diff e rences in the textures of 

the rocks, the homogeneous grani toids being r ounded while 

the schists remained angular . 

On boulder of grani toid was da ted by the· U/Pb method 

from zircons, yielding an age of about 2500 Ma . The 

surroundin g metavolcanics have been correlated with the 

rocks tha t are penetra ted by the 2700 Ma-old grani toids 

elsewhere in the belt. 
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Since the conglomera te is 

in a discordant position wi th 

metavolcanics, it is thought 

also found to be si tua ted 

regard to the surrounding 

to be early Proterozoic in 

age. Rocks of this kind are known to occur in a number 

of places in Finland and Soviet Karelia in association 

with other Proterozoic metasediments and metavolcanics. 

These early Proterozoic formations are known as Sariola 

conglomera tes. No similar conglomera tes have been found 

to be exposed elsewhere in the belt. 

Stop 4 

The Kivivaara quartzite 

The Ki vi vaara quartzi te is composed of quartz grains 

and grain accumulations surrounded by sericite. Some 

epidote, zircon and opaque minerals also occur. Feldspars 

have not been observed. Zircons appear in two generations, 

one 3000 Ma old, consis ting of eroded, dirn grains, and 

another 2700 Ma old, with fresh, and well-preserved grains. 

Gross- bedding can be recogni zed locally in the 

outcrops. The microscopic texture of the sericite quartzite 

is cataclastic. The chemical composition of the Kivivaara 

quartzite is the following: Si0 2 84. 1 7 , Ti02 0.17, 

A1 20
3 - 9.98, Fe 20

3 
- 0.28, FeO - 0.29, MnO - 0.00, MgO -

0.29, GaO - 0.02, Na 20 - 0.06, K20 - 2.98, P20
5 - 0.01 , 

G0 2 - 0.00, H 0+ - 1 .34, H20 - 0.02. 2 

The Siivikkovaara area 

Well-preserved volcanic structures can be seen in 

the Siivikkovaara area (Fig. 2.9), even though the primary 

mineral composition has been totally replaced by secondary 

minerals. 
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SOm 
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Fig . 2 . 9 . Detailed "map showing volcanogenic structures 

and the contact between the Siivikko and Mäkinen 

Members of the Sii vikkovaara Formation. Key : 

1 = plagioclase porphyry, 2 = komatiitic 

basal ts, 3 = koma tii te, 4 = spinifex texture , 

5 microspinifex texture, 6 = pillow lava, 

7 = coarse volcanic breccia, 8 = autoclastic 

volcanic breccia . 

Stop 5 

Coarse volcanic breccia 

The fragments are of ultramafic rock composed of 

felted actinolite, and a matrix mafic rock composed of 

fine - grained chlorite, a granoblastic plagioclase-quartz 
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mass and long hornblende porphyroblasts . The possible 

genesis of this rock is thought to involve the mixing 

of flowing ul tramafic lava wi th unconsolida ted mafic tuff 

material . 

stop 6 

Polygonal jointing and pillow structures in komatiite 

The rock is composed of actinolite and chlorite, 

the former sometimes exhibiting dendritic forms. Accessory 

minerals are ilmenite, pyrrhotite, pyrite and chalcopyrite . 

Chemical analysis of a pillow (volatile - free): Si0 2 
48 . 24 wt-%, A1 20

3 
- 9 . 18, FeO ", - 12.80, MgO - 19 . 20, CaO -

8 . 38, Na
2

0 - 0.45, K
2

0 - 0.16, P20
5 

- 0.05, Ni - 1120 ppm 

and Cr - 2370 ppm . 

stop 7 

Two thi ck spinifex- textured lava flows of thickne s s 

10m and 17 m and intervening thin flows composed of 

komatiitic basalt (Fig . 2 . 10) . 

Zones A1 (flow top breccia), A2 (spinifex zone), 

B1 (upper folia ted part of the cumula te zone) and B2 (main 

cumulate zone) can be distinguished in the spinifex

textured lava flows . Fig. 2 . 11 illustrates an idealized 

cross-section of one flow unit . 

The flow top breccia is composed of fine - grained 

actinoli te and chlori te, the latter forming pseudomorphs 

of olivine phenocrysts (0 . 2 to mm in diameter) . The 

spinifex zone can be divided into three subunits. The 

dendrite zone and the randomly oriented spinifex zone 

are formed by dendritic or acicular hornblende pseudo 

morphs after clinopyroxene respecti vely. The middle part 

of the spinifex zone is domina ted by a plate spinifex 
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o 

Fig. 2 .1 0 . Outcrop map for certain spinifex-textured lava 

flows. 

texture formed by hornblende plates after olivine and 

clinopyroxene. The interstices between the plates and 

needles, which sometimes have chloritic cores , 

by fan-like spheruli tic intergrowths of 

hornblende. 

are occupied 

albite and 

The 

rock 

cumulate 

of 

zone is light-coloured wholly ul tramafic 

ac tinoli te (or tremoli te) and chlorite. 

The 

composed 

amphibole 

length) 

occurs as skeletal, ac icular grains ( = 2.5 mm 

in and fan-like 

clinopyroxene, while the 

morphs 

rock). 

of olivine, 

Accessory 

0.2 to 

minerals 

spherules, pseudomorphs after 

chlorite forms euhedral pseudo-

1.4 mm in size « 30 % of the 

in the spinifex textured flows 

are prisms of ilmenite, sulphides at the bott om and eu

hedral chromite grains particularly in zone B1 . 
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Al 

BI 

Flow top breccia 

Dendr ite zone 

Plate spinifex 

Randomly oriented 
spinifex 

ClInllllate zone 

Fig. 2 .11. Idealized cross-section of a spinifex- textured 

lava flow . 

Analyses of both the spinifex and cumulate zones 

are gi ven in Table 2.1 . columns 5 to 8. 

Stop 8 

Spinifex-textured lava flow 

The flow is about 15m thick . Under the flow top 

breccia there is a 1 . 5 m thick dendri te zone . The rest 

of the spinifex zone has randomly oriented spinifex texture 

formed by hornblende needles after clinopyroxene. The 

boundary between the spinifex and cumulate zones is gradual 

and some polygonal jointing can be seen in the latter 

zone. The chemical profile of the flow is shown in 
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lava flow. 

profile 

. 1 '· ........ 

" .. , . :.~_ . 

MgO 

Gr 

across a 

< 

\ 

\ 

/ 
/ 

/ 
SiO,' , 

\ 

\ 

/ 

\ 
\ 
/ 

· 5 
.4 

.3 

.2 

.1 

spinifex-textured 

Fig. 2 .1 2 . The MgO content of th e spinifex zone ranges 

from about 1 5 % in the dendri te zone to about 8 % in the 

lower part of the spinifex zone . 

and 

Stop 9 

Autoclastic volcanic breccia 

Peridotitic 

chlorite. 

komatiite 

The edges 

composed mainly of amphibol e 

of the angular or subangular 

fragments are talc-rieh . 
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Stop 10 

Variolitic pillow lava in komatiitic basalt 

The light-coloured centre of the pillow typically 

grades through a variole zone to a darker outer zone. 

Sometimes the varioles are distributed evenly throughout 

the pillow. A variole is composed mainly of a granoblastic 

plagioclase mass which can be in the f o rm of narrow, 

randomly oriented needles, with additional varying amounts 

of hornblende, clinozoisite and ilmenite. The varioles 

freq uently ha ve ahorn blende-r ich nucleus at the centre, 

or less often a hornblende-rich zone near their outer 

edge (Fig. 2.13). The intersti tial material between the 

varioles is ultramafic hornblende rock or mafic hornblende-

plagioclase 

could be: 

(An 30 ) ro ck. The origin of the varioles 

- devitrification of glas s 

- sph e rulitic crystallization of the plagioclase 

- liquid immiscibility. 

5mm 

1. ... , hornblende - rich 

, . ... , plagioclase - rich 

Fig. 2 .1 3 . Sketch of vari o les having a h ornblende-rich 

nucleus or a hornblend e -rich z on e near the 

edge. 
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The Southern Vuosanka area 

The dominating geologieal feature of the Vuosanka 

area is a large unit eomposed 

whieh form an aneient voleanie 

of felsie metavoleanies, 

centre . Mafie and ul tra-

mafie metavoleanies are also represented in this area . 

stop 11 

Mafie metatuff 

The mafie metatuffs are banded and fine to medium 

grained rocks whieh eonsist of hornblende, epidote and 

plagioelase. The banding is eaused by variations in the 

amounts of the minerals, with the light bands rieh in 

epidote and the dark one s in horn blende and plagi oe lase . 

The amount of garnet inereases sporadieally . Chemieally 

the rocks are tholeiitie basalts . 

Stop 12 

Ultramafie metavoleanite 

The ultramafie metavoleanies are dark greenish or 

brownish rocks resembling serpentini tes loeally . In . most 

plaees they are foliated and folded rocks without any 

preserved primary struetures, even though outerops with 

fairly well-preserved pillow s , polygonal j ointing and 

breeeias are known . Light or brownish olivine porphyro 

blasts are eommon . 

Thin seetions show the ultramafie metavoleanies to 

be fine-grained and eomposed of amphibole and ehlori te . 

Their olivine porphyroblasts (Fo 63 _71 ) are more or less 

alte red to iddingsite and/or serpentine. The ehemieal 

composition eorresponds to that of komatiites (MgO > 20 %, 

low Ti ete . ). 

-----
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stop 13 

Felsic metavolcanics and pegmatite granite 

The felsic metavolcanics are light, . homogeneous 

quartz-feldspar schists composed of albite, quartz, potash 

feldspar and micas. Deformed quartz eyes also occur. 

In this outcrop the felsic volcanics gradually change 

to a pegmatite granite. 

The mineral composition of the pegmatite resembles 

tha t of the felsic metavolcanics. The grain size of the 

minerals, especially potassium feldspar, begins to increase 

in the transition zone, and the strongly altered plagioclase 

of the felsic metavolcanics becomes clearer towards the 

pegmatite. 

The Northern Vuosanka area 

stop 14 

Intermediate metatuffite 

The intermedia te meta tuffi te s in thei r pre sent form 

are heterogeneous, stra tified mica schists often showing 

graded bedding and consisting of quartz, plagioclase, 

biotite and sometimes hornblende. North of the road there 

are banded quartz-rich beds, whose lighter parts consist 

of medium grained quartz (recrystalli zed chert) and 

grunerite. The dark beds are rich in grunerite and 

magneti te. Closest to them are garnet-bioti te-hornblende 

and plagioclase-quartz-biotite-garnet rocks. 
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Th e Ruutanalampi area (Fig . 2 . 14) 
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2 00m 

Fig . 2 . 14. Ge ologieal map of the Ruutanalampi area . 

The Ruutanalampi area eonstitutes a part 

eontaet zone between the felsie metavoleanies 

of 

and 

the 

the 

overlying m~fie voleanie unit . This zone is easy to follow 

beeause of eertain distinet eharaeteristies . The eontaet 

zon e eontains a voleanie eonglomerate in many plaees , 

and a special type of rock ealled a mafie - felsie mixed 

tuff . A sulphide-rieh horizon is also assoeiated with 

the eontaet zone . 
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Stop 15 

Felsic tuffite 

stratified, graded 

tuffite consists 

and intensely folded inter

of quartz, plagioclase and 

Potassium feldspar is present as an accessory 

Stop 16 

Volcanic conglomerate 

A volcanic conglomerate is exposed in a long, narrow 

zone close to the contact between the felsic and mafic 

volcanics. It is often folded and the pebbles are strongly 

elongated. 

The matrix consists of plagioclase, quartz and biotite 

in thi s outcrop, al though i ts compos i tion can vary from 

mafic to felsic within the conglomerate unit. The pebbles 

are composed of felsic volcanics and more coarse-grained 

acid rocks resembling small-grained granitoids, or in 

some cases felsic porphyries. 

Stop 17 

Felsic-mafic mixed tuff 

This is a peculiar rock type associated with the 

contact zone between the mafic and felsic metavolcanics 

which is common throughout the Kuhmo belt. 

In the outcrops to be inspected here (Fig. 2.15) 

the felsic metatuff contains thin mafiri bands (3 to 5 cm) 

and conglomerate interbeds. The felsic rock consists 

of quartz, plagioclase and micas and also contains quartz 
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Fig . 2 . 15 . Outcrop map for a felsic - mafic mixed tuff . 

and plagioclase phenocrysts . The mafic bands are composed 

of hornblende , plagioclase and q u a r tz . 

Sto p 18 

Felsic tuffite 

The felsic tuffi te is a stra tified , sometimes g r aded 

rock which contains conformable li t - par - li t gran i te dykes 

(10 - 20 cm) . It is a heterogeneous schist consisting of 

quartz , plagioclase and b i otite and often graphite . The r e 

are layers rich in garnet and bioti te porphyroblas t s in 

places . 

- ---- ------ ------- - -
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stor 19 

Intermediatejfelsie metatuff. East of Pieni Aittojärvi 

At the western edge of the outerop the fel~ie metatuff 

is a stratified and turmaline-bearing quartz-plagioelase 

bioti te sehist. In the middle part of the outerop there 

is an interbed whose eastern part eonsists of mafie meta

tuff and western part of ehlori te-tale sehist. The mafie 

metatuff eontains a thin arsenopyrite mineralization. 

In the eastern part of the outerop there is an intermediate 

metatuff , whieh beeomes felsie towards the east. There 

is an arsenopyrite mineralization in the intermediate 

metatuff. 

Stop 20 

Felsie metatuff 

The felsie metatuff is stratified and schistose, 

eonsisting of quartz, plagioelase, potassium feldspar 

and mieas and possessing a thin, mineralized interlayer. 

In the western part of the mineralization there is a 

graphite-bearing felsie metatuff followed by banded quartz

gruneri te rock and a sulphide-r ieh felsie meta tuff . 

Sulphides, pyri te and minor ehaleopyri te oeeur in eompaet 

lenses. 

The same mineralization eontinues southwards for 

several kilometres 

voleanite unit. 

in the upper part of the felsie 
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stor 21 

Härmäjoki iron formation 

A banded iron formation is exposed in the trough 

of a NNW- plunging fold (Fig . 2 . 16) . The surrounding rocks 

are for the most part mafic fine - grained amphibole - plagio 

clase metavolcanics , but with some ultramafics . 

THE HÄRMÄJOKI IRON FORMATION 

~ MAFIC ME T A L AVA /-T UFF 

E:N] UL TRAMAFIC 

o BAN D EO IRON FORMATION 

100 M 

To Suomuasalm l 

N 

1 
~ 

7 1~5 . 10~------------~~~~~~~~~~~~~~~~~ 

~53.23 

Fig . 2 . 16 . Geological sketch - map showing the Hä r mäjoki 

iron formation and its surroundings . 

The dimensions of the BIF are not exactly kno wn , 

but its maximum length probably does not exeed 200 m. 

The width is usually less than 10m. The iron- bearing 

bands are composed of ferroactinolite, grunerite, magnetite 
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and some chlor i te. Some of the bands are sulphide-rich 

and may contain abundant pyrite and sphalerite and some 

chalcopyrite and pyrrhotite. The average Si0 2 content 

of the BlF is about 52 %, total Fe, as FeO, about 38 % 

and P205 0 . 2 %. The Fe 3+/Fe 2 + ratio is 1.9. 

The supracrustal rocks are penetrated by a grano-

diori te of age 2700 Ma. Some cross-cutting granodiorite 

dykes can also be seen in the locality . 
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THE PROTEROZOIC KAINUU SCHIST BELT 

/e Laujoki, Lin.L v(,'l. ,~dy U/. OUf.Ll , Depul1.ifllcni uj! (jeu€.uyy , ST- 90570 Ou[u 57 

P. Dwumuu, (jeu/oqlcuf. 5uI1.vey uj! TLrdu/Ul, SI -02/50 {1/WO 75 

fl . liavuf.u, (jeueU!/.Lcae 5u /lvc lj o! 1 Ln eI/nd , St- 70700 /(uupiu 70 
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/C Si.Aund, Lini.lx·" >Li!! UIOUfl.LL, IJ('purzi.fII('n:i. uj! (;('O(!UYI/J SI - 9057U Ou.fl..u ')7 

INTRODUCTION (K . Laajoki) 

The Kainuu Schist Bel t consists of Lower Proterozoic 

metasediments pressed between two cratonic blocks , the 

Kuhmo - lisalmi province in the east and the Iisalmi - Pudas 

järv i provinc e in the west (Fig . 3 . 1) . The central part 

of the belt i s one of the key areas on which Wegman (1928) 

based his ideas on the Alpine-type tectonics of the 

Karel ides , while the Puolanka area is wh e re Väyrynen ( 1928) 

laid the fot:nda tion for his conc epts of the stra tigraphy 

of the Kar elides , whi~h are still widely accepted in 

Finland . 

Structurally , the belt form a synclino r ium about 

200 km in length wi th an axial plane which is almost 

v e r t i cal or slightly overturned to the east . This h u ge 

fold structure is pierced by many fa u lts , the most 

imp ortant o f which are shown in Fig . 3 . 1 . The following 

t hree main 'structural subuni ts may be distinguished : 1) 

the Nuasjärvi - Ristijärvi Basin , 

s outhern and weste rn part of 

area , where the bedrock is 

which comprises the maj or 

the belt , 2) the Paltamo 

characterized by tectonic 

quartzite blocks and basement wedges in a metapelitic 
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ma trix, and 3) the main northern end, di v ided in to tw o 

parts, the Puolanka and the Jaurakka areas, by the Auho 

Fault Zone. The middle part. of the belt is also crossed 

by three faultzones trending almost N-S (Nos. 1, 2 and J 

on Fig. 3.1) and dividing it into eastern and western parts, 

in which the Karelian formations face mostly to the west 

or east respectively. The western east-facing part is 

absent from the Jaurakka area. 

The complica ted structure and lack of outcrops make 

intra-belt stratigraphie correlations difficult, e spe cially 

regarding connections between the more autochthonous eastern 

forrna tions and the we stern one s. Starting from the north, 

the l~ thostra tigraphy of the ~~~~~~~_..E~~~ is as folIows: 

1) the Kurkikylä Group, including Sariola-type meta sediments 

and Sumi-type rnetalavas, whi ch are encountered only in 

the very north, 2) the northern serici te-rich quartzi tes 

with vein quartz pebble conglornerates of Paljakkavaara 

and the Jaurakka area, 3) the Jatuli-type quartzites proper, 

which can be followed along whole of the eastern margin, 

always facing away from the Archaean basement, and 4) 
Marine Jatuli-type dolomi tes, metapeli tes, quartzi tes and 

iron formati ons and the Kaleva-type metapelites. Since 

it is not possible to map these tw o groups sepaTately they 

are mostly included under the same symbol on Fig . 3 .1. It 

is, however, obvio us tha t the Kaleva-type rocks were 

deposited unconformably on the former rocks. 

Excluding the southwestern flank of the Nuasjärvi

Ristijärvi basin, where the formations are allochtonous 

and consist o f Ja tuli-Kaleva-type rocks, the geology of 

the western margin of the belt is more complicated. Firstly, 

instead of the indisputable Archaean basement there are 

strongly metamorphosed and migmatized paragneisses north 

of Lake Ouluj ärvi whose age is not known, but at least 

some of which represent highly metamorphosed Karelian rocks. 

Eas Lwards the paragneisses graduaJ ly grade into, and are 

stratigraphically overlain by, the east-facing rocks of 

the Central Puolanka Group, which are divided into the 

arkositic metaturbidites o f the Kettukangas Formation 
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(lowermost) , the Stauroli te-Mica Schist Formation, the 

Akanvaara Formation and the Phyllite Formation I (see legend 

in Fig. 3.1). These rocks are again overlain by the 

quartzites and metapelites, etc. correlated with the Jatuli 

and Kaleva-type rocks of the eastern margin., but which 

face mostly to the east. 

In addition to these main formations, at least two 

minor relics of younger quartzites with quartzite-phenoclast 

conglomerate~ in their basal parts occur at Pyssykulju 

and Jokijyrkkä, while a problematic conglomerate-quartzite 

occurrence is found at Kivesvaara (see p. 69). 
The West-Puolanka paragneiss area in .particular is 

heavily migmatized and intruded by Karelidic synorogenic 

granites and pegmatites (approx. 1860 Ma). One larger 

granodiori te intrusion is encountered in the midst of the 

metapelites at Ristijärvi. 

LAKE SUPERIOR-TYPE IRON FORMATION IN KAINUU (K. Laajoki) 

The minor iron formations encountered he re and there 

on the eastern margin of the Kainuu Schist Bel t have been 

~tudied in more detail at Puolanka and Sotkamo. 

At Puolanka, small iron formation lenses are found 

in close associa tion wi th dolomites, black schists, mica 

schists and quartzi te 

the Salmijärvi Basin 

in a faul ted 

(Laa j oki and 

synclinorium known as 

Saikkonen 1977). The 

highly complicated structure 

stratigraphical reconstruction 

and the poor 

difficult, 

outcrops make 

but it c an be 

concluded on the basis of drilling and large-scale 

structural interpretations that the ir on formations 

occupying the eastern margin of the Salmijärvi Basin, e.g. 

those close to the margin of the Ar chae an basement (Pääkkö, 

Iso Vuorijärvi and Körölä), are mainly of mixed oxide-

silicate type with minor carbonate or sulphide iron 

format.ion interbeds, whil e the more western occurrences, 
p 

known collectively as the Seppola iron formation and located 
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farther from the basement, are composed mainly of a mangani

ferous sulphide iron formation. 

The mixed oxide- s ilicate iron formations of Pääkkö, 

Iso Vuorijärvi and Körölä consist mainly of q uartz

magneti te-banded rocks wi th variable amounts of gruneri te 

in the magneti te-rich bands. A typical aecessory mineral 

is apa ti te, which follows iron minerals but also occurs 

in discrete phosphorite bands some millimetres thick (Laa

j oki and Saikkonen 1977, Fig. 33). Another interbanded 

lithology consists of a non-cherty garnet-bearing iron

silicate rock, whieh chemically resembles ironstones rather 

than the quartz-banded grunerite rocks which are the typical 

siliea te iron-forma tion rocks at Puolanka. The carbonate 

and sulphide iron formations on the eas tern margin of the 

Salmijärvi Basin con s ist of quartz-banded sideri te rocks 

and iron-rich black schists or phyllites respectively. 

At Seppola, on the we stern margin of the Salmi j ärvi Ba sin, 

the iron formation consists mainly of manganiferous and 

iron-rieh black schists and phyllites with minor carbonate 

interbeds. The texture of these occurrences is characterized 

by micro-ooli ths (Laaj oki and Saikkonen 1977, Figs. 23 and 

24), whereas none have been detected in the eastern 

occurrences. Mineralogically, the 

are distinguished fr om the eastern 

Seppola oceurrences 

ones by the abundance 

of spessartine-almandine, 

cummingtonite~ The main iron 

manganosiderite and mangaoan 

sulphide is pyrrhotite. 

In comparison with Lake Superior-type iron formations 

in general, the Puolanka occurrences, whose total iron 

content is about 27 %, are distihguished by exceptionally' 

high P205 (approx. 2.5 %) and CaO (_ 3.5 %), due to the 

apa ti te, and also by the compa.:ra ti vely high S (_ 2 %) and 

C (_ 1 %) due to frequent iron-rich black schist and 

phylli te interbeds. On the whole, they can be regarded 

geoehemically as multicomponent formations consisting mainly 

of true iron-formation components (Fe, Si) with black 

schistjphyllite (F e , S , Ti, Al, Ca, K) and minor phosphorite 

(Ca + P), wi th addi tions of irons tone (Fe, Ti, Al, Ca, 

Na, K; cf. Laajoki and Saikkonen 1977, Fig. 68). 



At Tuomivaara, Sotkamo, an iron formation about 200 m 

thick and over 10 km long occurs on the eastern margin 

of the Nuasjärvi Basin, whose core is occupied by Kalevian- 

type metapelites and the rims by Jatulian-type quartzites. 

According to Makela (1976, Fig. 3) the succession at Tuomi- 
vaara from the Archaean basement upwards, as follows: 

Jatulian-type quartzite (several 100 m), phyllite (100 m) 

with local dolomite, silicate iron forrnation (150 m), 

silicate-magnetite iron formation (10-20 m), black schist 

(20-30 m) and phyllite with local conglomerate. As the 

iron is bound mainly in the silicates (grunerite and 

garnet) this occurrence is uneconomic. Geochemically, 

it resembles the Puolanka occurrences, being rather rich 

in phosphorus (0.2-2.0 % P2 05) and even in manganese 

(grunerite rocks have been reported to contain up to 4.2 % 

MnO, Makela 1976). 
The other iron-formation occurrences in Kainuu are 

also characterized by unusually high phosphorus and often 

also by high manganese (Lehto and Niiniskorpi 1977). 
Thus it is quite possible that they represent an originally 

more or less coherent lithostratigraphic unit which has 

been folded and faulted in a complicated manner, a major 

near-shore (lloxide faciesn) part of which has unfortunately 

been eroded away. We can therefore conclude that about 

2080 , Ma ago (Sakko and Laajoki 1975) there was a 

sedimentary basin at least 100-150 km long in Kainuu, 

into which large quantities of iron, silicon and phosphorus 

were deposited. 



GEOLOGY OF THE NORTHERN PART OF THE KAINUU SCHIST BELT 

(K. Laaj oki, K. Strand and R. Kangas) 

Main geoloqical features 

Simplified maps of the lithostratigraphy and structure 

of the Kainuu Schist Belt at Puolanka, Kurkikyla (Suomus- 

salmi) and Jaurakka (~udasjarvi) are given in Figs. 3.2 

gnd 3.3 respectively. Fig. 3.4 gives a lithostratigraphic 
scherpa. 

The bedrock of the area of Fig. 3.2 is built up of: 

four major lithological units: 1 )  the Eastern Basement 

Gneiss Complex in the east, which consists of the Archaean 

granitoidic gneisses on which the Karelian rocks were 

deposited, 2) the West Puolanka Paragneiss, which is divided 

into the lithologically analogous North-western and South- 

western Paragneiss Complexes by the left-lateral Auho Fault 

Zone, 3) the Kurkikyla Group of Sumi-Sariola-type rocks 

lying subhorizontally on the Eastern basement. 4 )  the 
Karelides proper, which occupy the quartzite and schist 

area between the units 1 and 2. Structurally this is again 

divided by the Vayrylankyla basement wedge, the Vayrylan- 

kyla-Korpinen fault zone and the Pudasjärvi Fault into 

an eastern autochthonous - parautochthonous part known 

as the Eastern Karelides, and a western part, thrust towards 

the NE, belonging to the Puolanka Shear Allochthon (Fig. 

3 . 3 ) .  There are also two small erosion remants of 
relatively young Karelian formations. 

The fou? major structural uaits (Fig. 3.3) are: 

1 ) the eastern basement area, which served as a fore- 

land for the Karelidic deformation and on which relics of 

Sumi-Sariola-type rocks are encountered, 

2) the Eastern Karelides, which comprise the west- 

facing autochthonous-parautochtohonous parts of the 

Karelides proper and are pressed against the former unit, 

3) the Puolanka Shear Allochthon, which comprises 

South-western Paragneiss Complex, the east-facing the 
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Central 

mostly 

contral 

Puolanka Group and the slightly overturned and 

east-facing paTt of the East Puolanka Group in 

Puolanka and 1, he SaJmi .Firvi basin, and also the 

tectonic basernent wedge 01' Väyrylänkylä . 

Paragneiss Complex can be considered a 

of the hinterland block, which carried 

The Southwestern 

northeastern part 

and pushed the 

Karelian rocks of central and eastern Puolanka northeast 

wards against the eastern basement gneiss area . 

4) the northwestern paragneiss area, separated from 

the Karelian rocks of the Jaurakka area by the Pudas j ärvi 

Faul t and from the Puolanka Shear Allochthon by the Auho 

Fault Zone. This represents the southeasternmost rnargin 

of the 

having 

Pudasjärvi basement gneiss, 

been deforrned and rnigmatized 

its platform 

during the 

cover 

Sveco -

karelidic orogeny . 

Lithostratigraphy 

Fig . 3 . 4 depicts the reconstructed stratigraphic scheme 

for the area . I t should be borne in rnind tha t there is 

a major tectonic zone between the western and eastern 

Karelian formations (Fig . 3 .3) . The description that follows 

starts from the Archaean basement and proceeds to the 

eastern Karelian formations in stratigraphic order . It 

then jumps to the l owermost western rocks (paragneisses) 

and again follows the stra tigraphic order upwards ending 

with the youngest rocks of the Salmijärvi Basin . 

The Eastern basement : The eastern basement has not 

yet been mapped in detail . 

granodioritic - throndhjemitic 

granitoids . K- rich granites 

with locally . 

It is cornposed rnainly of 

orthogneisses and migmatic 

or pegmatites are only met 

The Kurkikylä Group : The Kurkikylä Group includes 

the Laanhongikko, Ma tinvaara and Ahvenki vilarnpi formations 

(Fig . 3 . 5) . In its type area (Figs . 3.6 and 3 . 7), the Laan

h ong ikko Formation, resting nonconformably on the Archaean 

granodiori tic - tonali tic orthogneisses, starts wi th a basal 
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Sche ma for the lithostraLigraphy of the northern 

part of the Kainuu Schist Bult . Note that the 

correlation betwee n the eastern ane'! western 

parts is open and th at the Mäntykanga s Formation 

(No . 16) may c o nsist of two or three major units. 

(5-30 m) and br ec cia 'o nglomera te (20-<40 m) with 

abundant angular fragments der i v e d solely from the under

lying orthogneisses in small amounts of serici te-rich 

quartz - feldspa r matrix. The next membe r consists o f greenish 

coarse - grained gravel-like arkosi te up to 80 metres thick 

containing rnng l omer a te beds in it s lower parts . This 

unit is o ve rl aj 1I by El rkositc and arkosit e cOllglomerate 

mu rnb c r s eomprising Lh c Ilul k 01' 
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Fi g . 3.5. Geology of the Kurkikylä-Paljakkavaara area, 

sites as d escri b e d by K. Strand . 

are shown by numbers 1-5. 

Excursion 

The main rock type is a light-coloured sericite-rich quartz

feldspar rock. The phenocla s ts of the conglomerate beds 

are mainly Archa ean orthogneis s , but rare greenish sericite

schist fr ag me nt s are distinctive for this member. This 

is also the first me mber in which a few vein-quartz pebbles 

are encountered. Upwards it grades 

the 

into a fine-grained 

topmost part of the 

the formation is hard 

sericite schist, which forms 

formation . The total 

to estimate, due to 

of primary structures, 

thickness 

pronounced 

but may be 

of 

deformation 

about 300 m. 

and the lack 
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Fig. 3 . 6 . Detailed map of the Laanhongikko area . Symbols : 
1 . Eastern Basement Gneiss Complex : 1a) gneiss 
granite, 1b) migmatitic gneiss . 2 - 7. Laanhongikko 
Formation : 2) basal breccia, 3) breccia conglom 
erate, 4a) coarse arkosite, 4b) coarse arkosite 
wi th conglomera tic in terbeds, 5a) arkos i te , 5 b) 
arkose conglomerate (containing sericite-r ich 
fragments), 6) arkose conglomerate (containing 
sericite - phyllite and sericite-rich ' fragments) , 
7a) serici te schist, 7b) serici te phylli te inter 
beds. 8 . Matinvaara Formation : 8a)mainly massive 
metala v as (s trongly folia ted), 8b) mas si ve meta
lavas with Fe - bearing minerals. 9-10 . Ahven - Kivi 
lampi Formation : 9a) volcanic conglomera te wi th 
volcaniclastic arkosite interbeds, 9b) contact 
zone of volcanic conglomerate, which contains 
mainly tuffogenous schists, 10a) volcanic conglom 
era te, 1 Ob) volcanic conglomera te wi th numerous 
phenoclasts of basement gneisses . Others : 11) 
metad ia base (non-magneti c) , 12) quart z vein, 
13) fault and fracture zone , 14) contact, 15) 
unconformity, 16) Prekarelidic jointing, 17) 
section, 18) bedding, 19) direction of top , 20) 
outcrop . 
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Fig. 3.7. Cross section through the Kurkikylä Group from 

Laanhongikko 

Fig. 3.6. 

to Ma tinvaara. Symbols as in 

The Matinvaara Formation lies on a thin breccia 

conglomerate of the Laanhongikko Formation or may lie 

directly on the Archaean basement. It is made up mainly 

of mafic/spilitic metalavas which are either massive, 

variolitic or amygdaloidal. The formation is composed 

of many different lava beds, whose mutual relationships 

cannot be established. The minimum thickness of the 

formation at Matinvaara is probably about 300-400 m. 

The Ahven-Kivilampi Formation consits almost solely 

of volcanic conglomerate containing abundant phenoclasts 

in 

are 

a small 

mostly 

amount of chlori ti c matrix. The phenoclas ts 

of different metalavasderi ved frortl the Matin-

vaara 

also 

Formation, 

encountered 

with Archae an 

in the upper 

orthogneiss 

parts of the 

phenoclasts 

formation. 

The phenoclasts vary greatly in size, being mostly of cobble 

size, although with large , we ll-rounded orthogneiss and 

albite-carbonate rock boulders up to 80 cm in diametre 

to be encountered locally. 
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The Eastern Karelides: The eastern 

parautochthonous Karelian formations 

vaara-type serici te-rich quartzi tes 

Group . 

comprise 

A.nd the 

autochthonous

the Paljakka-

East Puolanka 

The hill of Paljakkavaara, 4 km southwest of Kurkikylä, 

consists mainly of serici te-rich quartzi tes wi th variable 

amounts of quartz - pebble conglom e rate interbeds . The amount 

of sericite decreases upwards and the rock becomes ortho

quartzitic (Fig . 3 . 8). Although the contact against the 

Kurkikylä Group is not exposed, it seems probable that 

the Paljakkavaara quartzite was deposit e d unconformably 

on the Laanhongikko Formation . A similar sequence is 

encountered at the hill s of Turpei senvaara and To lpan vaara 

in the Jaurakka area, where a gradual change from coarse 

clas tic or conglomera ti c serie i te - q uartz i te to rather pure 

quartzite can be demonstrated . The thickness of the sequence 

is many hundr e d metres (Meriläinen 1977). 

Unfortunately , the upper contact of the Paljakkavaara 

type q uartz i te s i s not expo sed anywhere, bu t recen t 

observations by K. Strand indicate that the quartzite 

phenoclasts of the Nenäkangas-type conglomerates may be 

derived from these formations . If this is true, the Paljak 

kavaara quartzi tes must underlie the East Puolanka Group 

unconformably. 

The East Puolanka Group begins with the Arkosite 

Formation , whose lower parts 

in which the afore - mentioned 

i s encoun tered in one or more 

consist mainly of arkosi tes 

Nenäkangas - type conglomerate 

interbeds some metres thick . 

The well - rounded phenoclasts of the conglomerate are mainly 

fairly pure quartzites containing variable amounts of 

sericite and carbonate, vein- quartz and basement gneiss . 

Both the arko si tes and conglomera te are eros s - bedded and 

a r e very probably of fluvial origin . Upwards the arkosites 

give way into more mature Jatuli - type quartzites mapped 

as Quartzi te formations I, 11 and 111. The fi r st of these 

is characterized by alternating orthoquartzite and sericite 

phyllite intermembers, the second is composed of more 
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serici tic metapsammi te, and the third consists of variabl e 

quartzi te types, gi ving way at the top to the r ocks of 

the Dolomi te - Phylli te Formation, which belong struc turally 

to the Puolanka Shear Allochthon . The total thickness 

of the eastern part of the East Puolanka Group is at least 

1000 m, of which the Jatuli-type quartzites account for 

the major part . 

The West Puolanka Paragneiss : Due to the intense 

mig mat i zation caused by the Karelidic granites and 

pegmatites, together with the open folding and limited 

outcrops, the stratigraphy of the West Puolanka Paragneiss 

is poorly known . Lithologically both sub-complexes consist 

mainly of quartzo - feldspathic and mica - rich paragneisses 

characterized by frequent amphiboli te interlayers and 

quartzite interformations and interbeds . Banded or migma t ic 

gneisses , which may be at least partly of Archaean age , 

are abundant . 

The quartzi tes are mostly arkosi tic or mica - rich and 

often contain quar tz - sillimanite knots , alhtough ortho 

quartzic varieties are also encountered (Taikina - aho 1982) . 

These are planarbedded and do not seem to contain any cross 

bedding , a fact which together wi th the frequent banded 

am p h i bolite interbeds , distingui shes them from typical 

Kar el i an quartzites . 

As a whole , the 

represent apart of 

\vest 

the 

Puolanka Paragneiss 

Archaean basement 

seems to 

and i ts 

Protero zoic cover we s t of the Kainuu Schi s t Bel t invol ved 

in the Svecokarelidic orogeny . We have not yet loca ted 

the probable unconformity surface anywhere , however . 

The Western Karelides : The Western Karelides consist 

of the Central Puolanka Group and that part of the East 

Puolanka Group lying west of the Väyrylänkylä- Peräkor pinen 

fa u l t zone . They end tectonically at the Auho Fault Zone 

in the north . 

The Central Puolanka Group , whose lOHer contact wi th 

the West Puolanka Paragneiss is metamorphic , b e gins wi th 

the arkositic metaturbides of the Kettukangas Formation . 
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Pro ba bly as much as 1000 m thick, the se rocks grade in to 

the Staurolite-Mica Schist Formation . The meta sediments 

of this ancien t deep - wa ter fan complex are clas si fied in to 

five main sedimentary faeies (Fig . 3 . 9) : Faeies 1 eonsists 

of massive or slightly graded sandstone in individual beds 

of over 1 m in thi ekne ss . Fae ie s 2 isa thin- bedded peli te 

showing graded bedding . The thieknes s of each graded uni t 

is generally 2-3 cm. Facies 3 ineludes semipeli tie rocks 

showing freq uen t eros s-bedding and ripple lamination. 

Faeie s 4 eonsi s ts of the non - porphyro blas tie Huo si uslampi 

metapelites, whieh are so strongly deformed that no primary 

structures can be seen inside the layers . Facies 5 comprises 

arkositic sandstone showing large - seale eross~bedding . 

Briefly, the Kettukangas Formation consists mainly 

of facies 1, while in the lower part of the Stauroli te 

Mica Sehist Formation faeies 1 and 2 alternate, being 

dominant in the south and north respeeti vely (Fig . 3 .9) . 

Upon this facies assoeiation rocks of faeies 2 and 3 
al terna te , the la tter beeoming dominant towards the top . 

Facies 4 and 5 are exposed only locally and represent a 

grada ti on to the Akanvaara Formation . Sinee the formation 

is unevenly exposed, an exaet facies analysis is hard to 

make, but i t ean be sta ted in general terms tha t we have 

here a turbiditic deep-water fan which is prograded by 

a fluviodel ta . Faeies 3 and (?) 4 may represent offshore/ 

upper basin slope faeies, while facies 5 is a true distal 

delta front/bar finger sandstone . 

The Akanvaara Formation is a monotonous uni t at least 

1000 m thick eomposed of cross-bedded brownish arkosite 

or feldspar quartzite , grading upwards to purer quartzites . 

It represent the fluviodel ta whieh was prograded upon the 

Staurolite Miea Sehist Formation . 

The uppermost uni t of the Central Puolanka Group is 

the Phyllite I , the lower part of whieh eonsists of shallow

water metapelites and quartzite interbeds . The middle 

and upper parts are poorly exposed, but on the whole the 

formations seems to eonsist of metapelites and metadiabases 

intruded into these, with minor quartzite interbeds and 

a metatuff member . 
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The Män tykangas Formation, the lowermost we stern 

formation of the East Puolanka Group, starts ei ther wi th 

quartzite or the Mäntykangas-type interformational conglom

erate containing large numbers of well - rounded quartzite , 

metapelite and metadiabase phenoclasts . Most of the pheno 

elasts are obviously derived from the Central Puolanka 

Group, but some may represent intra-group material . In 

any case , this conglomerate marks a maj or erosion per iod 

between these two groups . It is an open question whethe r 

this unconfo'rmi ty is the same as tha t marked by the Nenä -

kangas conglomerates in the east . 

which also includes fairly thick 

is overlain by at least 200-500 

This conglomeratic pa r t , 

metapelite intermembers , 

m of quartzites of the 

Jatuli - type very similar to the corresponding rocks in 

the Eastern Karelides . The studies being carried out by 

R. Kangas indicate that the Mäntykangas formation may in 

fact consist of two transgressive sequences . 

The formation is overlain by Marine Jatuli - type 

dolomites , black schists , quartzites and iron formations 

mapped as the Dolomi te - Phylli te Formation and the Phyllite 

Formation I I, occupying the Salmij ärvi Basin . This basin 

contains only very few outcrops, but drilling results 

suggest tha t dolomi tes and Lake Superior - type mixed oxide

silicate iron - forma tions are distincti ve for i ts eastern 

margin , while 

sulphide - facies 

1977) . 

the latter are replaced by Mn- qear i ng 

rocks in the we s t (Laaj oki and Saikkonen 

The younger Karelian formations : There are two solitary 

quartzi te formations, the phenoclas ts in the basal conglom 

era te members of which suggest are younger than the East 

Puolanka Group . One is the Pyssykulju Formation , which 

consists mainly of very pure quartzi tes, but whose lower 

parts features conglomera te beds containing quartzi te and 

schist fragments in a orthoquartzitic matrix . The lowermost 

unit exposed nevertheless consists of alternating ortho -

members, both characterized by quartzite and metapelite 

a distinctively reddish colour . Another occurrence with 

at Jokijyrkkä quartzite-phenoclast conglomerate is 

in the Jaurakka area (Väyrynen 1928) . 

found 
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EXCURSION SITES AT KURKIKYLÄ AND PUOLANKA 

(K. Laajoki, K. Strand and R . Kangas) 

The Kurkikylä area : The first fi ve stops (Fig . 3 . 5) 

will give a general view of the Sumi-Sariola-type r ocks 

of the Kurkikylä Group, the type section for the Palj akka 

vaara Formation (Fig . 3.8) and one of the type outcrops 

for the Nenäkangas - type conglomerates of the East Puolanka 

Group . All these rocks were mapped in detail by K. Strand . 

stop 1 

Laanhongikko, Kurkikylä, Suomussalmi 

(3533 08, x = 7237 . 45, y = 560 . 43) 

Type outcrops for the Laanhongikk o Formation and 

typical examples of the volcanic conglomerate of the Ahven 

Kivilampi Formation 

The section to be visited (Figs . 3 . 6 and 3 . 7) starts 

f r o m the Archaean basement and gives a complete cross 

section of the Laanhongikko Formation described on p . 43-46 . 

The volcanic conglomerate is of the most common type, 

with both abundant metalava and orthogneiss phenoclasts 

of pebble to boulder size . 

stop 2 

Hallavaara, Suomussalmi (3533 05, x = 7235 . 20, ' y = 556 . 80) 

Kyanite quartzite belonging lithostratigraphically to 

the lowermost sericite quartzite-quartz-pebbl e conglomerate 

deposited un~onformably on the Kurkikylä Group 

The kyanite quartzite is a bluish or pinkish, strongly 

deformed ro ck containing about 10-30 % kyanite. This kyanite 

defines the foliation planes and imparts a thin streaked 

appear ance to the rock . Primary bedd ing can be 0 bs erved 

only locally . 

-- - - ----- - ---- - - --- --
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Stop 3 

Paljakka vaara , Puolanka (3533 05, x = 7234 . 40 , y = 553 . 43) 

The type section for the Paljakkavaara formation 

(Fig . 3 . 8) . 

The section starts wi th a light yellowish serici te 

q uartzi te wi th q uartz pe bble (0 1 - 5 cm) conglomera te and 

haemati te st,ripes . This is followed in a upward direction 

by a strongly folia ted light serici te quartzi te overlain 

by rela ti vely coarse - grained q uartzi te wi th quart z g r ains 

(0 1 - 2 mm, in general) in a small amount of sericite matrix . 

The rock becomes more mature quartzite with local sericite 

rich or quartz pebble inte r beds towards the top . 

Stop 4 

Aittola, Kurkikylä , Suomussalmi 

(3533 05, x = 7237 . 36, y = 551 . 97) 

A typical amydgaloidal rock of the Matinvaara Formation 

The rock is a green, non - phenocrystic amphibole-albite 

metalava (ltspilite lt ) which is almost completely undeformed . 

The well - preserved amygdales are usually filled with quartz 

or ha ve an ou ter zone of epidote and carbonate and a core 

of quartz . The outcrops provide good tuffs of greenschist 

facies metalavas for petrographie courses. 

Stop 5 

Kiskonkoski, Puolanka (3533 02, x = 7835.45, y = 546 . 80) 

Nenäkangas-type conglomerate interbeds of the Arkosite 

Formation and associated metasediments of the East Puolanka 

Group (Fig . 3 . 10) . 

---------------------- --- ---
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Fig. 3.10 . Detailed map of the Kiskonkoski area. Symbols : 

1-7. Arkosite Formation : 1 ) metadiabase 

{magnetic), 2a) arkosite, 2b) car~onate-bearing 

fragments in arkosi te, 3) dolomi tic interbed, 

4a) conglomeratic, coarse - clastic arkosite , 

4b) cross - bedding in arkosite , 5) Nenäkangas 

~ype conglomera te, con taining mainly phenoclas ts 

of quartzi tes , vein quartz and basement gneiss 

in arkosite matrix, 6) phyllite, 7) a rkosite with 

phyllite 

top, 10) 

interbeds , 8) bedding, 9) direct i on of 

foliation, 1 1 ) fold axes (L = foliation), 

12) jointing , 13) contact, 14) outcrop . 
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The conglome ra te bed i s abou t 2 -3 metre s thi ck and 

is characterized by large quantities of well-rounded pheno

cla ~lts in an arko s Lt .Lc matrix. The phenoclasts are mainly 

of cobble size and consist of vein-quartz, various 

quartzites and basement orthogneiss . 

Central and Southern Puolanka: Sites 6-14 give a 

general cross-section of the Western Karelides and an 

example of the quartz i te S of the Wes t Puolanka Paragnei s s 

(Stop 11). ,Due to ou tcrop and road condi tions the logical 

stratigraphie order cannot be followed. The different 

facies of the Central Puolanka Group can be seen on stops 

7, 10, 12, 13 (deep-water fan/upper basin slope) , 6 

(shallow-wa ter plain) and 8 ( delta) . stops 14 and 9 gi ve 

examples of the Jatuli and Marine Jatuli-type rocks of 

the East Puolanka Group, respectively. 

This 

Sto p 6 

Pärekangas, Aittokylä, Puolanka 

(3442 12, x = 7216.6, y = 536 .6 ) 

outcrop with metasediments inverted into a 

vertical posi tion forms the type section for the topmost 

50 metres of the Akanvaara Formatiun and the lo~ermost 

200 metres of the Phyllite Formation I (Fig. 3.11). It 

i sone of the very few plac es where the con tac t relations 

between metasedimentary formations of contrasting lithology 

can be studied directly in Puolanka. 

Apart from its very few and rather thin sericite-schist 
interbeds, the Akanvaara Formation consists of light-

coloured sericite-bearing or feldspar-bearing quartzite 

showing mostly parallel bedding, but there is also cross

bedding here and there. 

The abrupt con tac t between the two formations seems 

to be conforma ble, 

and epidote hinder 
but the metamorphically grown amphibole 

direct observations. The meta sediments 
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THE LOWERMOST PART OF THE PHYLLITE 

FORMATION I AT PÄREKANGAS 

f---- -

PHYLLITE FORMATION I 

Phyllite and mica schist 

with quartzite interbeds . 

Graded bedding . wavy bedding 

and ripple marks are common 

in the metapelite componenl. 

Quartzite shows cross-bedding 

F----~--------------- - --- - - - -- -

/ 
AKANVAARA FORMATION 

Cross - bedded quartzite 

Fig. 3.11. Stra tigraphy of the lowermost part 

Phyllite Formation I at Pärekangas. 

of the 

of the Phyllite I are varied both in their mineralogy and 

in their primary sedimentary structures. The dominant 

type is thin~bedded metapelite showing either graded or 

wavy beddings. The seGond most common are metasemipelites, 

which show wavy or lowangle cross-bedding. Contrasting 

with these two classes are quartzite interbads up to 5 m 

thick, many of which show large-scale cross-bedding and 

resemble Jatuli-type quartzit e s. 

Metamorphically the most important feature is the 

abundant deyelopment of scapolite, which seems to be 

strata-bound, amphibole and epidote. 
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Stop 7 

Honkaniemi, Puolanka (3442 10, x 7194.6, y 532.0) 

This measured prophile No. 3 is the type. section for 

the upper and middle northern parts of the Staurolite Mica 

Schist Formation (Fig. 3.12) 
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The section begins with a strongly folia ted staurolite -

garnet mica schist whose primary structures are 

visible. The differentiated amphibole rock 

no longer 

metagabbro 

body is overlain by an arkosite-dominated member consisting 

mainly of massive or lightly graded metasandstone of facies 

1 with a thin-bedded staurolite-mica schist of the facies 2 . 

The facies 2 rocks show graded bedding in which the lower 

parts of the strata are of sand grain-si ze and graded, 

while the upper parts are peli tic and much thinner. Uni ts 

starting with small-scaled cross-bedding (Bouma's C-unit) 

are encountered only locally. 

The proportions of metasandstone decrease upwards 

and facies 2 becomes dominant. 

stop 8 

Western flank of Akanvaara, 200 m south of the farm 

of Lampela (3441 12, x = 7187.70, Y = 532 . 05) 

Type section for the 600 lower metres of the Akanvaara 

Formation 

The fairly well-exposed section consists entirely 

of light brownish or pinkish feldspar quartzite or arkosite 

with very few pelitie interbeds n x 1-10 em thin. As well 

as parallel bedding, the quartzite shows frequent large 

or medium-scale cross -bedding indicative of sedimentary 

transportation from somewhere to the south . 
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stop 9 

The Pääkkö iron formation, Väyrylänkylä 

(3441 12, x = 7185 . 70, y = 537 . 20) 

Type outcrops for the Pääkkö iron formation and 

associated dolomites and quartzite of the Dolomite-Phyllite 

Formation 

The geology, mineralogy and geochemistry of the Pääkkö 

iron formation have been described by Laajoki and his 

coworkers (Laaj oki 1975; Sakko and Laaj oki 1975; Laaj oki 

and Saikkonen 1977; Laajoki and Ervamaa 1977, see also 

p . 39) . Although uneconomic, the iron- formation lense 

of Pääkkö contains 13 . 4 million tons of mineralized rock 

averaging Fe tot = 26 . 6 % , Fe Hel = 20 . 5 %, Ti = 0 . 06 %, 

Mn = 0 . 06 % , V = 0 .03 % , P = 1. 09 % and S = 2 .02 % (Ervamaa 

and Laajoki 1977) . 

Figs. 3 .1 3 and 3 . 14 depict the detailed geology of 

the outcrop area to be visi ted and a stra tigraphic section 

th r ough the Pääkkö iron formation , respectively. 

The rocks to be seen at this locality are : the dolomite 

of the Salmijärvi Dolomite Member, a typical quartz

magnetite-banded rock with variable amounts of grunerite 

from the Pääkkö iron -formation (Laajoki and Saikkoneri 1977, 

Figs . 6 and 7 , Table 4), and the dark quartzite of the 

Pääkkö Quartzite Member . 
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Fig . 3 . 13 . Stratigraphic-lithological map of the surround 

ings of the Pääkkö iron formation (in the 

middle lower part) and the . Iso Vuorijärvi 

iron formation (in the middle) . Li thological 

symbols: 1 ) Prekarelidic base!pent gneiss . 

2) 

and 

Conglomeratic 

feldspar 

quartzite . 

mica schist. 3 ) Arkosite 

and/or sericite-bearing 

Quartzite-orthoquartzite/the 

same as intercalations. 5) Tectonic inclusions 

of quartzi te . 6) Dolomi te/the same as inter 

calations . 7) Phyllite/the same as inter

calations . 8) Black schist/the same as inter

calations. 9) Iron formation : a) mixed oxide -

silicate facies, b) mixed silicate - oxide 

facies, c) carbonate facies. 10) Bas i c 

tuffite . 11) Metadiabase and/or metavolcanics . 

12) Stratigraphic - lithological contact . 13) 
Fault or tectonic contact . 14) Bedding and 

dip . 15) Approximate strike and dip of shear 

folded beds . 16) Outcrop . 17) Drill hole 

and number . 18) Allochthonous formations . 

Stratigraphie units : BGC) Basement Gneiss 

Complex . A) Arkosite Formation, QIII) 

Quartzite Formation 111 . DP) Dolomite - Phyllite 

Formation : Seppola Tuffite Member . 

DP 2) Salmi j ärvi Dolomi te Member . DP 3) Pääkkö 

Quartzi te Member. DP 4) Pääkkö Iron- Forma tion 

Member . DP 5 ) Salm i j ärvi Phylli te Member. 

PhyII) Phyllite Formation 11 . From Laajoki 

and Saikkonen (1977, Fig . 3) . 
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QUAR TZITE FORMATION 111 
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SYMBOLS 

c=J 1 ~ 2 E.'J 3 

~ 5 C='--;.'J 6 trISl 7 

Stratigraphie eolumn from Pääkkö . 1) 

2) earbonate-bearing quartzite, 3) 

4) blaek sehist, 5 ) iron formation , 6) 

q u a rt z i te , 

phyll i te , 

dolo mi te , 

7) amphibole - bearing dolomite , 8) me t ad i a base . 

Stop 10 

Nurkkakallio , Puolanka (3442 10 , x 7197 . 8 , Y 

Ar kos i te gneiss of the Kettukangas Formation 

The out crop consists of strongly folded and mi g m~t i ~e d 

a rkos i tie paragneiss showing distineti v e bandin g . I t ean 
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be demonstrated in places that the rock was originally 

graded-bedded 

represents a 

western part 

arkose, and consequently 

highly metamorphie turbidite . 

of the outcrop the increasing 

the outcrop 

uni t . In the 

degree of re -

crystallization causes the rock to grade to a fairly 

homogeneous feldspar gneiss greatly resembling the even

grained Karelidie granites . 

Stop 11 

Kettukallio, Kalpio (3441 09, x 7185.4, y = 525 . 2) 

Type outcrop for the quartzi tes encountered as inter

forma tions in the paragnei s ses of We s t Puolanka (Taikina

aho 1982, p . 1 3 ) 

The prevailing quartzite is somewhat impure, 

large amounts of micas (5-20 %) and feldspar 

containing 

(5-25 %), 

but purer varieties occur in places . 

folding, the primary bedding is 

The bedding is of a parallel type, 

In spite of pronounced 

still easily visible . 

and cross-bedding does 

not seem to have been formed originally . 

Metamorphically, the rock is characterized by white 

sillimanite- q uartz knots and light green muscovite 

aggrega tes. Amphi boli te layers occur here and there, and 

may be distinguished from tlordinary tl amphiboli tes by their 

banded structur e and highly Ca-rich plagioclase (An content 

up to 90 - 96 %) and abundant accessory titanite (age 1785 Ma) . 

The age of the zircon of the banded amphi boli te layer is 

2540 Ma . If the rock is sedimentary, as indicated by its 

banded structure, and if the zircon has not been resetted , 

this age could indicate, that the Kettukallio - type 

quartzi tes do not belong to the Presvecokarelidic basement 

proper . 
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Stop 12 

Suksiharju, Kalpio (3441 12, x = 7183.8, Y = 531 . 0) 

The ou tcrops show the al tera tion of fac ie s 2 and 3 

typical of the southern part of the Stauroli te Mica Schist 

Formation (Fig . 3.9) . Facies 2 consists of thin-bedded 

(n x 1 cm) pelitic metaturbidite showing well-preserved 

graded bedding . The lower part of each grade consists 

of quartz and feldspar, mainly plagioclase, which increases 

in si ze toward s the top. In a few example s , thi spart 

contain very faint wa vy lamination . The upper parts are 

rich in biotite and staurolite, although the latter is 

often pseudomorphosed by coarse muscovi te and the peli tic 

part as a whole is more or les s completely andalusitized . 

Facies 3 is a semipeli tic one wi th li ttle, if any, 

staurolite . It shows sedimentary structures indicative 

of traction transportation, e . g . medium-scale cross - bedding, 

and ripple - cross lamination is frequently encountered . 

Here again the staurolite is almost completely muscovitized, 

but the formation of andalusi te is rare. Cordieri te - rich 

knots 5-10 cm in diametre are abundant in places . 

Stop 13 

Nuottim~ki, Somerj~rvi (3441 08, x = 7176.22, Y = 529 . 40) 

This rather large outcrop forms the type reference 

si te for fac ie s 1 of the Sta uroli te-Mica Schi st Formation . 

This facies consists of massive or faintly graded meta 

sandstone beds, whose thickness is mostly n x 10 cm . Being 

composed mainly of quartz and plagioclase, they are .known 

as arkositic metaturbidites. Some of the beds have a thin, 

muscovi te-rich upper part . Often the beds are amalgama ted 

to form apparently homogeneous meta - arenite units many 

metres in thickness. Facies 2 is also represented in this 

outcrop . 
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Structurally, the outcrop shows exceptionally well 

developed faulting and foliation parallel to the Auho Fault 

Zone and younger N- S-trending faults . This intense faulting 

makes it impossible to measure the stratigraphy of the 

section exactly . 

Stop 14 

ESkosenvaara (3441 11, x = 7174.7, y = 533 . 7) 

Type section for the Jatuli - type quartzites of the 

East Puolanka Group at Eskosenvaara 

The total thickness of this section is about 200 metres . 

Starting from the lowermost beds exposed, the following 

units are defined (Fig. 3 . 15) : 

1 ) The quartzi te underlying the Mäntykangas - type 

conglomerate is a slightly reddish, pure orthoquartzite 

or a folia ted orthoquartz i te wi th very thin, dark mica

laminae . 

2) The metaconglomerate-arkosite member can be divided 

into a lower arkosite bed (a) and an upper metaconglomerate 

bed (b) . The arkosite bed consists of grey, coarse clastic, 

partly conglomeratic (granule size) and cross-bedded arkose 

quartzite/arkosite with magnetite and/or dark mica laminae . 

The metaconglomerate bed consists of polymictic ortho 

conglomerate in which the very variable, well-rounded, 

severely deformed pebble material includes, in decreasing 

order, various orthoquartzites, 

greenish serici te quartzi tes and 

argillaceous/volcanic pebbles and 

is of the same magneti te-bearing 

lower arkosite bed . 

arkosites, vein quartz, 

schists, black chert and 

fragments. The matrix 

arkosi te material as the 

3 ) The thinly laminated metasiltstone-phyllite member 

consists of various semipelitic, pelitic and, in lesser 

proportions, arkosic laminae. The lower parts of the member 

contain an arkosic bed sequence with very thin pelitic 
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Lithostratigraphic section of the central part 

of Eskosenvaara, measured by R. Kangas . 1) 

orthoquartzite, 2) metaconglome~ate-arkosite 

member, a) arkosite bed, b) metaconglomerate 

bed, 3) metasil tstone -phylli t e member, 4) Esko 

senvaara quartz i te, a) heterogeneous ortho -

q.uartzi te 

member, c) 

member, b) lower sericite quartzite 

heterogeneous 

orthoquartzite member, 

quartzite-arkose - quartzite 

quartzite member , d) 

e) laminated ortho-

member, f) upper 

sericite quartzite member, g) arkose-quartzite 

member, h) serici te quartzi te serici te schist 

member, i) quartz-clastic arkose-quartzite member 
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intercalations, but the numbers of arkosic laminae decrease 

ilpwards . 

especially 

lenticular 

The continuity of the laminae is fairly good, 

parts, although some primary in the 

bedding 

upper 

and/or tectonic pinch-and-swell-type 

compression structures does occur. 

4) The major u pper quartzite is divided into nine 

members on the basis of their composi tion, stratification 

and bed associations. They are, in stratigraphie order : 

heterogeneous orthoquartzi te (a), lower serici te quartzi te 

(b), heterogeneous quartzite (c), orthoquartzite (d), 

laminated orthoquartzite arkose-quartzite (e), upper 

sericite quartzite (f), arkose-quartzite (g), sericite 

quartzite sericite schist (h) and quartz-clastic arkose

quartzite (i) . The great variety of quartzites of differing 

composition is a typical feature. The carbonate-bearing 

intercala tions are associa ted mainly wi th serie i te-bearing 

types . In addition to different kinds of stra tifica tions 

and planar-type cross-beds, other sedimentary structures 

also occur, e . g . certain types of ripple marks. 

KIVESVAARA BEDROCK SECTION AT PALTAMO (T . Heino) 

Stop 15 

Kivesvaara, Paltamo (3432, x 7149 . 85, y = 525.25) 

The Kivesvaara bedrock section lies beside the main 

Oulu - Kajaani road (Route 22), about 20 km west of Paltamo. 

The rocks of the area are vi si ble in a road cutting face 

a bou t 500 m in length and 17 metre s high at i ts maximum 

(Fig.3.16) . 

Geologically, the sit e is located on the western margin 

of the Kainuu Schist Belt, although correlation of its 

rocks wi th those of other Kainuu Schist Bel t formations 

would be impossible without more extensive knowledge of 

the surroundings of the section. 
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Fig . 3 . 16 . Kivesvaara bedrock section . A) Northern wall , B) Southern wall , C) Horizontal 

section . Symbols : 1) phyll i te , 2) tuff/tuffite , 3) tuff , 4) a r kose quartz i te , 

5) se r icite quartzite, 6) metadiabase , 7) conglorne r ate , 8) conglornerate poor i n 

phenoclasts , 9) contact/inf er r ed , 10) shear zone . 



- 71 -

The various contacts and sections suggest that the 

oldest rocks present 

metamorphic tuffs and 

eastern part of the 

are intermediate volcanics, largely 

pyroclastic rocks (Fig . 3 . 16) . The 

section contains tuffs and tuffi tes, 

wi th maj 01' fluctuations occurring in rock type and mineral 

composition . 

The majority of the section consists of phyllite 

composed of very fine - grained quartz, albite and varying 

amounts of sericite, biotite and chlorite, with large 

amounts of accessory magnetite, haematite and zircon, 

especially in the base of each horizon . The phyllite is 

usually of a grain-size of less than 0 . 02 mm, although 

coarser horizons, chiefly of clastic quartz, are found 

and presents a 

layers varying in 

distinct 

thickness 

as narrow interlayers, 

stratification pattern, with 

from a few millimetre s to several centimetres . The 

direction of stratification is almost parallel to the 

section itself, and the 

The schistocity runs N 

dips are practically vertical . 

Sand dips approx . 80 °W. The 

schistocity is very much more clearly visible on the surface 

.of the section than is the stratification . 

The volcanic rocks, the phyllite and the arkosite 

deposi ted on top of this are all intersected by veins of 

metadiabase composed of hornblende, plagioclase, quartz 

and opaque, all of which are blasto-ophi tic in stru,cture . 

The veins vary in thickness from a few metres up to a 

hundred metres 01' so . 

The conglomerates encountered in the western part 

of the section and in the centre have been interpreted 

as being the youngest rocks in the area . The western edge 

of the section features a polymictic conglomerate with 

phenoclasts varying in 

50- 60 centimetres and 

size from a few millimetres to 

composed of quartzi te s (ortho -

quartzite , sericite quartzite, arkose quartzite and arkose), 

greywackes, phylli tes, vein quartz, tourmaline - quartz rock 

and magnetite - quartz rock 01' magnetite phenoclasts . ~he 

phenoclasts are elongated and flattened to varying degrees , 

the large quartzite phenoclasts being relatively little 
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deformed, while the arkose and phyllite phenoclasts are 

highly elongated . . The rine-grained matrix of the conglomerate 

consists of sericite, quartz and magnetite. 

The conglomera te in the central part of the section 

lies unconformably upon the phylli te and metadiabase , the 

contact being relatively clearly visible in the northern 

wall of the section. Sy mbols 7 and 8 in Fig . 3 .1 6 denote 

the conglomerates, the difference lying in the incidence 

of phenoclats, with the latter type having only a few 

compared wi th the former. The phenoclas ts here are very 

much smaller than those found in the conglomera te of the 

western edge of the section, although they are similar 

in co~posi tion, containing various types of quartzi te and 

also phylli te, serici te schist, magneti te-quartz rock, 

vein quartz, metadiabase and jasper. The fine-grained 

matrix is composed of quartz, serici te and varying 

quanti ties of magneti te, which can reach considerable 

proportions in places. 

EXCURSION SITES AT SOTKAMO (M. Havola) 

Stop 16 

Vuokatti, Sotkamo (3433, x = 7114.82, y = 561 .94) 

Jatuli-type quartzites at an altitude of a 188 metres 

from Lak e Nuapjärvi 

The rocks are completely recrystallized orthoquartzite, 

sericite quartzite and sericite-kyanite schist with a grain 

size of 1.0-2.5 mm (Table 3.1). The kyanite porphyroblasts 

present may·be several centimetres long, and the tourmaline 

is both of detri tal and metamorphic origin . Vein quartz 

with haematite flakes and small haematite cavities in the 

q~artzites are also encountered . 
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Table 3.1. Mineral compositions of the Vuokatti quartzite, 

determined by the point counting methode 

Minerals 1 2 

Quartz 97.8 86.4 

Se-ricite 1 .7 13.4 

Tourmaline 0.2 O. 1 

Chlorite O. 1 + 

Apatite + + 

Titanite + + 

Zircon + + 

Opaque O. 1 + 

Total 100.0 100.0 

1. Orthoquartzite (180-MIH-74), Iso-Pölly, sotkamo. 

2. Sericite quartzite (203-MIH-74), Pieni-Pölly, Sotkamo. 

The ghost-like quartzite laminae are 1-4 cm thick 

and whi te ,whi te-grey , pink, greenish 

The serici te schist interbeds are 5 

or bluish in colour. 

cm 3 m thick. A 

well-preserved large-scale cross-bedding structure can 

be seen (Fig. 3.17). Other sedimentary structures 

encountered in the quartzi te are ripple marks and graded 

bedding and conglomerates in several horizons. The conglom

era te beds contain pebbles of quartzi te and vein quartz, 

and fragments of sericite schist also occur in places. 

The primary bedding follows the head of the hill of 

Vuokatti and dips 55 0 _75 0 to the NW, N or NE. The main 

fold axis is about 320 0 /65 0
, and the minor axes are in 

the area 3500 -10 0 /30 0
, as measured from the sericite-kyanite 

schist interbeds. The whole hill of Vuokatti Hill seems 

to form a large-scale richt-hand fold system. 

NW and NNW-trending faults or fracture lines typical 

of the area can be detected on the outcrops in the form 

of minor faults or tectonic breccia zones. 
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F i g . 3 . 17 . Cross-bedding structure in recrystallized 

quartzite in a road 

Vuokatti (x = 7114.91, 

by M. Havola. 

cutting on the hilI of 

y = 561.75). Photograph 

Th e Vuokatti area was regionally metamorphosed under 

c ondi t i ons of amphibolite facies (kyanite-almandine 

mus c ov ite subfacies) by the Svecokarelian orogeny. 

Stop 17 

Tenetti, Sotkamo (3433, x 7118 . 42, Y = 561.43) 

Silicate - facies rocks of the Tuomivaara iron formation 

The formation consists of both chemical and clastic 

s edimenta r y components. The rocks are banded, with 0.1-5 m 

thi c k beds of varying li thologies. The dominant rock type 
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is a garnet-hornblende rock, the main minerals of which 

are almandine, hornblende and/or gruneri te and carbonate, 

wi th some quartz, opaque, bioti te, chlorite and dust-like 

carbon pigment. The second major rock type is garnet

bearing phyllite having as its main minerals quartz, biotite 

and garnet with some opaque and apatite. Next in abundance 

is a biotite-quartzite consisting mainly of quartz, biotite 

and lesser quant i ties of both K-feldspar and plagioclase 

with some garnet, opaque, apatite and zircon. There is 

also a rare amphi bole-bearing quartzi te containing quartz, 

chlorite and apatite. So me chemical analyses are given in 

Table 3.2. 

Table 3.2. Chemical composition (wt %) of the two main 

Si02 
A1 20

3 
Fe ° -Je 2 3 
MgO 

CaO 

Na 20 

K20 

MnO 

Ti02 
P2 0 5 

rock types in the iron formation. 

v. Hoffren, by the XRF method. 

1 2 

61 .18 61.77 

10.08 13.12 

21 .02 13.64 

2.34 2.84 

2.85 1 .67 

0.46 2.59 

0.09 1.95 

1.95 0.27 

1 .10 1 .06 

0. 11 0.12 

101 .18 99.03 

, ,< ) 

total ir on as Fe
2

0
3

. 

Analyst: 

1. Garnet-hornbl e nde rock (4-MIH-75), Tenetti, Sotkamo. 

2. Garnet bearing phyllite (4B-MIH-75), Tenetti, Sotkamo. 
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The rocks are granoblastic or slightly blastoclastic 

and weakly foliated, with a grain-size varying from fine 

to medium . The amount and size (up to 10 cm) of the garnet 

var ies markedly from one bed to another (Fig. 3.18). 

The main fold axis runs practically in a N-S direction 

and plunges ab out 100 to the north. The folds are tight, 

isoclinal or in some places chevron-like. The second fold 

axis is 340 0 /50 0 -80 0
• The folds are more open than those of 

of the first generation. 

The degree of metamorphism is amphibolite facies 

(staurolite-almandine subfacies). 

Fig . 3 . 18 . A typical laminated and bedded structure in 

the silicate iron formation. Garnet-hornblende 

rock (grey) , garnet-bearing phyllite (dark) 

and chert (white)(x 7118.42, y = 561.43) . 

Photograph by M. Havola. 
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Stop 18 

Rieskavaara, Sotkamo (3433, x = 7120.44, y = 561.64) 

A lentieular oeeurrenee of interformational sharpstone 

eonglomera te belonging to the turbidi te eonglomera te

quartzite formation 

The fragments of the breeeia are mostly Vuokatti-type 

quartzites, with some aplite granite, eoarse granite, 

granodiorite, hornblende gneiss, diabase, limestone and 

phyllite. The quartzite fragments are mostly angular, 

while the others are well-rounded and or pebble, eobble 

and boulder size. Some quartzite fragments are sub-rounded 

or rounded (Figs. 3.19 and 3.20). The largest fragments 

or boulders are about 1 m in diameter. 

Fig. 3.19. Turbidite eonglomerate. The fragments and pebbles 

are quartzites and phyllite in a elayey-sandy 

matrix. Seale is 12 em. (x = 7120.87, y = 561.26). 

Photo by M. Havola. 
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Fig. 3.20. The 11 brec cia of Rie ska vaara 11 , a sharpstone 

conglomera te . The fragments are whi te quartz i te 

and the matrix whi te-grey calcareous quartzi te. 

Sc ale i s 1 2 cm. ( x = 71 20 . 41 ,y = 561. 68). Ph 0 t 0 

by M. Havola. 

The matrix may be quartzitic or phyllitic and the 

elasts/matrix rati o varies greatly. The q uartz i te matrix 

is composed of quartz with lesser quantities of biotite, 

muscovite, chlorite, carbonate and in places tremolite 

and accessory apatite, zircon, titanite, feldspars and 

opaque. The phyllitic matrix is composed of quartz, 

biotite, sericite, opaque and dust-like opaque pigment. 

The grain-sizes of the quartzite and the phyllite 

matrix are 1.5-2.5 mm and 0.3-0.6 mm respectively, and 

their texture is granoblastic or weakly blastoclastic and 

slightly foliated. In some places near Rieska vaara grey 

quartzi te layers a l terna te wi th phyllite and conglomera te . 

Cross-bedding and graded bedding structures are also 

encountered in a few outcrops. The beds vary grea tly 
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in thickness but are generally 0.5 cm - 2.5 m. The sharp

stone conglomera te on Rieska vaara is approxima tely 120 m 

thick. 

The 

trending 

bedding 

fractures 

is 

and faults are common 

NW and 

(Fig. 

NNW -

3.20) . 

Intersecting younger pure glas sy quartz veins are typical . 

The se are 2-3 m broad and run a bout 30
0

/80
0

/120
0

• Fold 

like structures withaxis 345 0 /70 0 are encountered, but some 

of these may represent primary sub-aqueous gliding or slump 

structures (Fig. 3.19). 

The time span of fragmenta tion and redeposition is a 

minor interlude in the deposition of this formation, which 

may really be sub-aqueous in character. Obviously processes 

such as fragmen tation, collapses and re sedimentation ha ve 

repeated themselves many times, so that you can find 

conglomera te pebbles or fragments, for example, in a re

deposited conglomerate in some places. 

The degree of metamorphi sm i s hard to es ta blish, bu t 

may be somewhat lower than at the other places visited . 

THE Ni-Cu-Zn MINERALIZATION OF TALVIVAARA, SOTKAMO 

(P. Ervamaa and T. Heino) 

Geology 

Exploration undertaken recently by 

Survey of Finland has revealed a large 

Ni-Cu-Zn deposit at Talvivaara, Eastern 

the Geological 

but low-grade 

Finland. The 

mineralized rock type is black schist, which lies stra ti

graphically in the upper part (Marine Jatulian) of the 

Early Proterozoic Jatulian Group. The lead-lead age of 

the galena separated from one mineralized black schist 

is 2148 Ma. 

The Proterozoic rocks of the area consist mainly of 

quartzites, 

serpentinite 

black 

bodies 

schists 

are also 

and mica 

present. 

schists. Minor 

The metasedimentary 
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sequenee rests uneonformably on the Arehaean basement. 

The stratigraphy of the area is presented sehematieally 

in Table 3 . 3 . A simplified li thologieal map and a eross

seetion through the sehist belt are shown in Figures 3 . 21 

and 3 . 22 respeetively . 

Table 3.3. Stratigraphy of the Talvivaara area . 
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Jormasjärvi I 
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o 2 km 
~ 7090 L..' _ --'-_---' 

- \~O __ 

Fig. J . 21 . Geological map of thel'al vi vaara Area . 1. Pre-
karelidic basement gneiss , 2 . quartzite, Ja . mica 

schist, Jb . black schist intercalates in mi ca 

schist, 4. black schist, 5a. Ni-eu-Zn bearing-
black schist, 5b. MnS-bearing black schist , 
6 . metagabbro and metadiabase, 7 . ultramafic 
rocks, 8 . fault. 



- 82 -

o 3 km 
1-' _ ---'-___ --'------_--', 

Fig . 3 . 22 . Vertical cross section along line A- A' in Fig . 

3 . 21 . For symbols see explanation in Fig . 3 . 21 . 

Geoc h emically, the 

by a strong 

and cobalt , 

enrichment of 

whereas the 

mineralization is 

nickel, mangane se , 

concentrations of 

characterized 

zinc, 

many 

copper 

other 

elements such as iron, carbon , sulphur , vanadium, molybdenum 

and s il ver are at the same level as in the surrounding 

bar r en black schists (Table 3 . 4) . The enr ichment of 

dolo mitic material in the mineralized black schists is 

clearly indicated by high concentrations of magnesi u m and 

calcium as compared wi th the barren types . On the other 

hand , the mineralized black schist is characterized by 

small amounts of feldspars and other detri tal clastic 

material. This observation is sustained also by the low 

concentration of sodium. 

The mineralization in these black schists appears 

to be generally syngenetic, al though the elevated values 

in the ratios Se/S, S34/S32 and U/Th in the mineralized 

rock as compared with the corresponding values in the barre n 

type indicate that the excess of nickel and associated 

elements is due 

solutions poured 

depositional basin . 

to an input of magmatic - hydrother mal 

water in the or iginal 

tons 

0 . 54 

out into sea 

The Tal vi vaara black 

of mineralized rock 

% Zn , 1 . 0 % Mn and 

schist contains 

averaging 0.26 

8 % graphi tic 

some 300 million 

% Ni , 0.15 % Cu , 

carbon . The mai n 
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Table 3 . 4 . Main eonstituents and some minor elements in 

the barren blaek schist ( 1 ) and the mineralized 

black sehist ( 2 ) at Talvivaara . All figures 

are percentages . 

Element 1 2 Element 1 2 

Si 24.2 22 . 4 Ni . 05 . 26 

Al 6 . 4 5 . 2 Zn . 22 . 53 

Fe 9,.0 9 . 9 Cu . 05 . 14 

Mg 1 . 7 2 . 5 Co .003 . 02 

Ca 1 . 6 2 . 7 Pb . 004 . 008 

Na 1 . 1 . 2 Mo . 011 . 010 

K 2 . 4 2 . 7 V . 061 . 063 

Mn . 04 . 9 Ba . 058 . 019 

C 6 . 8 7 . 5 Cr . 013 . 013 

S 7 . 1 9 . 3 Se . 003 . 006 

Ti . 39 . 41 B . 003 . 001 

P . 1 . 1 As . 010 . 003 

Sb . 0004 . 0002 

Th . 0008 . 0005 

U . 0009 .0023 

Hg . 00010 . 00014 

Ag . 0002 . 0003 

Au . 0000010 . 0000004 

sulphides are, in order of deereasing abundance , pyrite, 

pyrrhotite, Mn - rieh sphaler ite, pentlandite and chaleopyrite . 

Alabandi te and galena are occasionally also present . The 

only oxide minerals are rutile and , in minor quanti ties , 

uraninite . 

Stop 19 

One site on the excursion is a small quarry from which 

r ock material has been removed for enriehment tests by 

the Outokumpu Co . The rock types are mineralized black 

schist and skarn interbeds . 
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THE PROTEROZOIC METASEDIMENTARY AND METAVOLCANIC 

MANTLE OF THE KUOPIO DOMES 

Raif.i ,4wnu, (;cu(l0yl.cl/(l ,\U-7I'('!/ (/, l ill{'<I,ul , Sl-701()() /(uc'l'iIJ 70 

INTRODUCTION 

Kuopio, a town of 80 000 inha bi tan ts , i s the 

commercial and adminis tra ti ve cen tre of the Sa vo province 

in eastern Finland . 'ehe terrain in the Kuopio area is 

intersected by low hills and val] eys, the highest hills 

being about 160 m above sea level . The hills are usually 

very weIl exposed, but the valleys wi th prevailing NW - SE 

strike are often covcred by small lakes, bays of Lake 

Kallavesi or Quaternary deposits . 

The Kuopio area has for a long time been the obj ect 

of geological interest because uf its Archaean gneiss 

domes mantled by Proterozoic schists . A number of 

investigations have been published concerning the mantled 

gneiss domes, the most famous of them being P . Eskola ' s 

" The problem of mantled gneiss domes " (1949) . 

This excursion is directed towards southern Kuopio 

and is concetrated on the Proterozoic schists ove r lying 

the Archaean basement. 

GENERAL GEOLOGICAL SETTING 

Geologi rally, Kuopio is loca ted roughly between the 

Archaean area of eastern Ftnland and the Prote r ozoic 

schists of Central Finland. Tho bedrock is composed 01' 
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1 = basement gneiss, 2 = quartzite, 3 = conglom

era te, 4 = dolomite and skarn, 5 = basic meta 

lava a nd amphibolite, 6 = pillow lava, 7 = mi ca 

gneiss, 8 graphite- and iron sulphide-bearing 

interbeds. The excursion targets are marked 

with circles. 
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two major units: 1) the Arehaean basement, whieh takes 

the form of NW-SE-oriented oval - shaped domes, and 2) the 

Proterozoie, or more preeisely Kßrelidie, sehists oeeurring 

between the domes (Fig. 4.1). 
The s tra tigraphy of the s eh i s ts in the 

mainly follows the general s tra tigraphy of 

Kuopio alea 

the Karelidie 

sehist belt (Fig. 4.2). The Karelian sediments were 

deposi ted uneonformably on the Arehaean basemen t and were 

deformed and meta morphosed during the Sveeokarelidic 

orogeny about 1800-1900 Ma aga. 

FORMATION 

Rahkamakl 

Voivonen 
0- 600m 

Petonen 
0 - 200m 

Vuorimäkl 
0-200 m 

Lippumäkl 
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Fig. 4.2. Stratigraphie seq llenee of the Kuopio area. 

1 = mica gneiss, 2 = basic metalava, 3 = pillow 

lava , 4 = ehert, 5 miea sch jst, 6 dolomite 

and skarn , 7 = quartzite, 8 = conglomerate, 9 = 
basemen t gne iss, 10 = blaek s ehi s t in terbed s . 

The boundaries between the groups are according 

to Luukkonen and Lukkarinen (1983). 



- 89 -

ARCHAEAN BASEMENT 

For the most part, the Archaean bas e ment consists of 

light grey or pink migmatite, generally granodioritic 

but sometimes quartz dioritic in composition. Locally 

th e gneiss is granitic b e cause of later granitization . 

Schlieren, stromatic and augen structures are common. 

The main minerals o f the gneiss are oligoclase, 

quartz, microcline, bioti te and sometimes hornblende . 

Apatite, sphene, zircon, epidote and opaque minerals occur 

in small quantities . 

The basement is cut by numerous veins 

granodiorite, tonalite and metadiabase . 

inclusions are also common. 

PROTEROZOIC SCHISTS 

The Lippumäki Formation 

of granite, 

Amphibolite 

The lowest uni t of th e Karelian sequence in the area 

i s the Lippumäki Formation of Sariolan Group, which 

c onsists of conglomerate wi th arkosic and carbona te-rich 

in terbeds. Thi s forma ti on is re stri cted in exten t, being 

only 50- 60 m thick at its maximum . 

The conglomerate is polymictic and moderately sorted, 

and the pebbles are well rounded, although somewhat 

deformed locally . The pebbles are mostly leucograni tic, 

but there are also some migmatite and vein quartz fragments . 

The matrix is composed of arkosite and skarn. 

Considering that the material of the conglomerate 

i s der i ved from the basemen t , the proportion of leuco

granitic pebbles to dark migmatitic pebbles is quite large . 

The source area must hav e b e en mostly grani tic or else 

granitic material has become enriched during the weathering 

process . The Sariolan congl omerates were most probably 

deposited in a fluvial environment. The occurrence of 

carbonate as cement and in tercala tions sugges ts tha t the 

climate was arid during th e deposition. 
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The Vuorimäki Formation 

The Lippumäki Formation is overlain by the Vuorimäk i 

Formation of the Ja tulian Group, cons is ting of quart z i te . 

In many place s , however, the q uartz i te 1 ie s direc tly on 

the basement. The thickness of the quartzite unit is 

at most only about 200 m. 

As a rule the quartzi te is completely recrystallized 

and shows primary bedding only locally. It contains 80-

100 % quartz wi th impuri ties of sillimani te, serici te, 

potassium feldspar , oligoclase, garnet , carbonate, zircon, 

biotite, apatite, magnetite and occasionally also 

fuchsite. The potassium feldspar is in the form of micro

cline and mostly secondary, while the quartzites are 

strongly granitized, especially near the granitic 

pegmatites. 

The occurrence of zircon suggests adetri tal origin 

for the quartzites. Their depositional environment is 

of the scarcity of primary obscure, however, because 

sedimentary structures. 

The Petonen Formation 

The Petonen Formation, overlying the Vuorimäki 

Formation, is a nonhomogeneous sequence of mostly 

carbonate-rich rocks and skarns. The unit is discontinuous 

and measures only 100-200 m at its thickest. The boundary 

between the Vuorimäki and Petonen Formations is a gradual 

one with thin carbonate-bearing interbeds occuring in 

the upper part of the quartzite. 

The carbonate sediments are usually dolomitic and 

impure. The skarns contain mostly diopside and tremolite. 

Mica schist, connected locally with black schist, is the 

most common of the interbeds. The carbon content of th e 

black schist may reach 30-50 %. In the upper part of 

the Petonen Formation there are amphibole-bearing schists 

is either antophyllite, in which the amphibole 
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eummingtonite or hornblende. Some thin ehert interealations 

oceur loeally . 

The Vaivanen Formation 

The Petonen Formation is overlain by the Vaivanen 

Forma tion, whi eh eonsi s ts mainly of bas ie metalava. The 

formation is fairly eontinuous, and varies in thickness 

between 10 and 700 m. In places there are chert interbeds 

2 to 10m thick . 

The lowe st part of the metalava uni t i s mas si ve and 

homogeneous . In the upper part pillow structures are 

common and there are also pillow breceia structures 

locally . There is little matrix between the pillows. 

Sometimes pillows contain small amygdules . The flattened 

pillows 0 bserved in some ou tcrops show tha t the lava has 

been deformed, and the outcrops of the most deformed pillow 

lava look like banded amphibolite . 

MgO 

Fig . 4.3. Basic metala vas of the Kuopio area on the AFM 

diagram . Analyses are as in Table 4 .1. 
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Table 4 . 1 . Chemical composition of various basic l avas 

in the Kuopio area (weight per cent) . t = total 

iron . 

Si0 2 
Ti0 2 
A1 20

3 
FeO t 
MnO 

MgO 

CaO 

Na 20 

K20 

P
2

0 5 

1a 

51 . 12 

1 . 39 

14.30 

11 . 8 1 

0 . 19 

6.59 

9 . 69 

2 . 61 

0 . 85 

0 . 17 

1b 

51 . 72 

1 . 32 

13.72 

10 . 70 

0 .1 9 

5 . 78 

10.35 

2 . 60 

0.50 

0 .1 8 

1 c 

47 . 85 

1 . 50 

14.63 

12.88 

0 . 20 

7 .1 3 

10 . 60 

2 . 31 

1 . 04 

0 . 20 

2 

51 . 00 

1 . 06 

13.63 

11 . 50 

0 . 19 

7 .1 4 

11 . 82 

2 .49 

0 . 22 

O . 11 

3 

51 . 55 

1 . 26 

13.66 

12 .1 2 

0 .1 7 

6 . 27 

10.08 

2 . 98 

0 . 37 

0 .1 6 

4 

49 . 16 

1 . 51 

13.82 

13.66 

0 . 20 

6 . 46 

10.23 

3 . 11 

0 . 32 

0 .1 5 

5 

53 .1 9 

1 . 84 

14.12 

11 .94 

0 .1 8 

4 . 44 

8 . 50 

3 . 39 

0 . 46 

0 . 23 

6 

49.12 

0.98 

13 . 48 

11 . 69 

0.19 

7.31 

12 . 44 

2 . 50 

0 . 53 

0.1 1 

98 . 72 97 . 06 98.34 99 . 16 98 . 62 98 . 62 98 . 29 98.35 

1. Pillow la.va, Vai vanen, Kuopio. 1 a = lower par t o f th e 

pillow , 1 b = the centre of the pillow , 1 c = the upper 

part of th e pillow . Analyst: V. Hoff r en . 

2 . Pillow lava, Jynkkä, Kuopio. Analyst: V. Hoffren . 

3 . Pillow lava , Pieni Neulamäki, Kuopio. Analyst : V. 

Hoffr en . 

4. Pillow lava, Valkealampi, Kuopio. Analyst: V. Hoffren . 

5 . Pillow lava, Pitkälahti, Kuopio . Analyst: V. Hoff ren. 

6 . Basic lava, Väärälahti, Kuopio. Analyst : V. Hoffre n. 

The basic metalava consists mainly of hornblende 

and plagioclase (An 40 - 50 %), and is tholeiitic in che mic al 

composition (Table 4 .1, Fig. 4 . 3) . The matrix of the 

pil low lava is diopside skarn. 

The eruption of the pillow lava was submari ne and 

took place alonß fractures. Silica dissolved fro m hot 

lava and precipitated as chert. 
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The Rahkamäki Formation 

Uppermost in the Karelian sequence in the Kuopio 

area is the Rahkamäki Formation of the Kalevian Group, 

which mainly consists of mica gneiss. The thickness of 

this unit is unknown. 

The mica gneiss shows distinct bedding and generally 

also graded bedding. There are convolute bedding 

structures locally. The bed s of mica gneiss consist of 

a pelitic upper part and a psammitic lower part . The 

thickness of the beds varies from ten oentimetres to about 

one metre, the peli tic parts usually being the t hicker 

of the two. Graphite and iron sulphide-bearing interbeds 

are common and may be several metres thick. Carbonate 

and amphibole-bearing intercalations 2 to 10 cm thick 

also occur locally. 

The pelitic layers contain mainly biotite, plagio 

clase, quartz, cordierite, sillimanite, staurolite and 

andalusi te. The psammi tic layers are made up of quartz, 

plagioclase and bioti te and sometimes garnet. Tourmaline 

is a common accessory mineral in the mica gneiss . 

The material of the mica gneiss was deposited by 

turbidi ty curren ts in deep wa ter. The graphi te and iron 

s ulphide-bearing interbeds were deposited under anoxygenic 

deep-sea conditions . 

DYKES CROSSCUTTING THE KARELIAN SEQUENCE 

Grani te pegma ti te dykes are the most common, being 

encountered in all the Karelian formations. Quartz dioritic 

dykes occur in the Vaivanen and Rahkamäki Formations. 

Metadiabase dykes are found only in the formations under

lying the Vai vanen Formation. Their chemical composi tion 

greatly r esembles that of the basic metalava and a genetic 

connection with the basic metalava seems evident. 
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METAMORPHISM 

The Archaean basement was metamorphosed under the 

condi tions of the amphi boli te facie s • Afterwards i t has 

undergone a slight retrogressive metamorphism . 

The Karelidie schists were metamorphosed in 

amphibolite facies during the Svecokarelidic orogeny 1800 -

1900 Ma aga . Their metamorphism can be examined more 

close l y on the basis of the mineral assemblage of the 

mica gneiss . The staurolite of the pelitic parts is 

replaced by sillimanite . Thus their metamorphism must 

ha ve taken place near the P-T condi tions of the break -

down reaction of stauroli te . The metamorphie condi tions 

must also have been near the breakdown reaction of 

muscovi te . Hence , the metamorphi sm of the peli tes will 

have taken place at a temperature of 620- 670 oe and a 

pressu re of 3-4 kb . The Karelidie schists have also under 

go n e slight ret r ogressive metamorphism . 

ExeURSION SITES 

Stop 1 

An unconformity between the Archaean basement 

and the Lippumäki Formation 

Lippumäki , Kuopio (3242, x = 6971 . 2, Y 533 . 3) 

The basement gneiss at Lippumäki is g r anodiorit i c , 

except near the unconformity, where it is granitic because 

of g r ani tization . The basement gneiss shows augen gneiss 

structures in which the augens are secondary potassium 

feldspar . In the immedia te vicini ty of the unconformi ty 

the basement con lai n:; fa irly abundant secondary (~pidoi.e 

d u e to shearing . 

The Lippumäki Formation consists of alternating 

conglomerate and arkosite beds upon the basernent (Fig . 4 . 4) . 
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Fig. 4.4. Section of the Lippumäki Formation at Lippumäki. 

1 grani te pegma ti te dykes, 2 = conglomera te, 

3 = arkosite, 4 = Archaean basement gneiss. 

The basal part is composed mostly of conglomera te, which 

grades upwards into more arkositic material. Some 

pegmatite dykes crosscut the unconformity. 

The diameter of the fragments in the conglomerate 

is usually less than 10 cm, but some are bigger, up to 

10-20 cm . The pebbles and cobbles are very weIl rounded. 
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Some of them ha ve a thin wea ther ing crust. The mater ial 

in the conglomera tic beds is fairly well sorted, and the 

fragments mostly touch one another. The little matrix 

present consists of arkosite with calcium-bearing material. 

The conglomerate of Lippumäki is polymictic, the 

fragments are for the most part leucograni tic, but there 

are also some darker migmatitic pebbles and a few of vein 

quartz. The leucograni tic fragments contain mainly micro

cline, quartz and oligoclase, with smaller amounts of 

biotite, sphene, apatite and epidote. The dark er migmatitic 

pebbles have biotite among the main minerals. The potassium 

feldspar grains are relatively large and fresh and co ntain 

smaller sericitized plagioclase 

Thus the potassium feldspar is 

grains 

mostly 

as inclusions. 

secondary. The 

matrix of the conglomerate is made up of quartz, 

oligoclase and sphene. 

epidote, 

The arkosic interbeds contain quartz, 

and oligoclase with occasional biotite. The 

microcline 

minerals are apatite, sphene and hornblende. 

accessory 

Some of 

the beds are calcareous, being composed of quartz, micro

cline, oligoclase, epidote , carbonate and ei ther tremoli te 

or diopside. The boundary between the skarn beds and 

arkosic beds is a gradual one. The thickness of the skarn 

interbeds, which show boudinage structures locally, is 

20 to 100 cm. 

Stop 2 

Diopside tremolite skarn with dolomite interbeds 

Petosenlampi, Kuopio (3242, x = 6971.6, y = 532.5) 

This outcrop belongs to the Petonen Formation. The 

rock is skarn with dolomite intercalations 2 to 10 cm 

thick and one mica schist interbed a few metres in 

thickness. The skarn is intensively folded and shows 

prominent axial plane schi Gto sity. The dolomite interbeds 

are sometimes broken up into boudins. 
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The major minerals of the skarn are tremolite, 

diopside, andesine and biotite . Carbonate and sphene 

occur in smaller amounts. The skarn contains al ternating 

tremolite, diopside and biotite-rich layers . 

The mica schist interbed is composed mainly of 

andesine, biotite and quartz . Some of the mica schist 

contains sillimanite porphyroblasts, although these are 

almost completely sericitized . The accessory mine r als 

of the mi ca schist are tourmaline, apatite and zircon . 

Stop 3 

Basic metalava with pillow structures 

Vaivanen , Kuopio (3242, x = 6972 . 5 , y = 534 . 4) 

This outcrop belongs to the Vaivanen Formation of 

the upper part of the Jatulian Group . 

The largest pillows of metalava are 1 to 2 met r es 

long and approximately half a metre thick . The top 

direction is to the north . The pillows are close to one 

another, and the small amount of matrix between them is 

skarn in composi tion and deeply eroded . Calcium silica te 

bearing material also occurs in the joints in the middles 

of the pillows . It is plausible tha t the joints may have 

been created as a consequence of cooling and shrinking 

of the lav a . There are some small amygdules, and also 

some varioles in places, in the marginal portions of the 

pillows . 

The main minerals of the basic metalava are hornblende 

and plagioclase (An 40-50 %) , the former being par tly 

al tered to bioti te . Sphene is also fairly abundant as 

an accessory mineral . The amygdules are filled with 

epidote, carbonate and quartz . The varioles consist of 

plagioclase . The intersti ti al skarn is composed of 

diopside, carbonate and plagioclase . The chemical 

composition of the basic metalava is tholeiitic (Table 4 . 1) . 



- 98 -

There is no significant difference in composi ti on between 

the centres and the margins of the pillows. 

Stop 4 

Mica gneiss 

Kivilampi, Kuopio (3242, x = 6973.1, Y 533.2) 

This ou tcrop belongs to the uppermo s t s tra tigraphi c 

uni t of the Kuopio area, the Rahkamäki Forma ti on of the 

Kalevian Group. Though the mica gneiss is relatively 

strongly metamorphosed i t shows distinct bedding and also 

graded bedding. The beds consist of psammitic lower parts 

and pelitic upper parts, the thickness of which is 20 

to 50 cm. Having initially been fine-grained, the pelitic 

parts are now coarser than the psammi tic parts because 

of metamorphism. A convolute bedding structure tha t has 

developed in one psammi tic bed can also be seen in this 

outcrop. 

The main minerals of the psammi tic parts are quartz, 

plagiocalse (An 20-40 %) and bioti te, and the accessory 

minerals tourmaline, garnet, apatite, zircon and opaque. 

Garnet and tourmaline occur as porphyroblasts. The opaque 

minerals are pyrite, pyrrhoti te and graphi te. Some 

psammi tic beds, e. g. the bed showing convolute structure, 

are fairly quartz-rich and their composition is almost 

quartzitic. 

The pelitic parts contain mainly biotite, plagioclase 

(An 15-25 %), quartz, cordieri te, sillimani te , andalusite 

and staurolite. Tourmaline, opaque, apatite and anto

phyllite occur as accessory minerals. 
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5 . 

EXOGENIC FEATURES IN THE STRATABOUND Cu-C o - Zn ORE 

DEPOSIT OF OUTOKUMPU ; A SHORT REVIEW 

7 . ;;' . /{oi../)t-l"nen, ;;' . 14 . /w.rl.ki.. ([nd O. j . /)(!'1IJ(LI1('II , OUi..OI,UIlIf/l.l 0U, 

S1 - 8350U OUi.Uldllllj.'1I 

INTRODUCTION 

The Outokumpu ore deposit (62 0 46'N , 29°E) i s co mpo sed 

of two s tra ta bound , metamorphosed ruler- sha ped o re bodi e s 

almost 4 km lO ilg, Ke retti (28MT) and Vu ünos (6MT) . The 

me tal con ten t.s are usua lly in the ran ge : Cu 2 - 4 %, Zn 

0 . 5- 2 %, Fe 20 - 30 %, and S 15-30 %. Th e re is some Co , 

Au and Ag . 

pyrrhotite 

sphaleri te 

The ore mineralogy is simple : Pyrite + 

o r pyrrhoti t e ± pyri t e , chalcopyr i te , 

and cobal t pentland i t e are com monly the main 

minerals. S ignificant accessorir ~ , some of whic h may 

be considerable in places , ar a cubanlte, magnetite, 

stanni te a nd argen tian pentlandit e . 

More than 70 y ears after their di scovery , in 191 0 , 

th e ore reserves will soon be exhausted . 

GEOLOGICAL SETTING 

The host r oc k assemblage of the ore deposi t and the 

minor sulphide occurr e nces elsewhe re in the pr ov ince is 

dominated by the presence of serpentinite, freque n tly 

a~c.:(Jfflpan i ,~d hy metacarbonat.e r ock , ska rn a nd quartzi te -

the ho::;t r ue!'. I' the ore at Ou tokumpu . This asse mbl age 

is usually bordered oy black sc hi st and r egionally enclosed 

by mi CD. schlst . Ba sic vo },·· nic rocks have r e c e ntly beo n 
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iden tifi ed as belonging to the as semblage (Park & Bowe s 

1981), and also gabbro (Koistinen 1981). The serpentinites 

have been referred as 

We gmann ( 1928), Huhma 

Koistinen (1981), or as 

(Bowes & Gaal 1981) . 

ophiolites by various authors, e.g . 

(1975,1976), Gaal et al. (1975), 

'serpentinized mantle peridotites' 

On the other hand, some authors 

have drawn attention to certain differences compared wi th 

well - documented examples of ophiolites from elsewhere 

(later) in the geological record . These include the 

absence of sheeted dyke complexes in the area (Parkkinen 

& Reino, in press), and the nontectonic emplacement of 

the ul tramafic material into the metasediments as magma 

or crystal mush (Park, in press) . According to Park, 

this took place considerably earlier than the development 

of the thr ust nappe which transported the rocks and o r e 

of the assemblage into the region (Koistinen 1981) . 

The ore was laid down in a submarine basin in an 

early phase dur i ng the Svecokarelian orogenie cycle . 

Later , during the crustal shortering, approx . 1 . 9-1 . 85 b . y . 

ago , the ore depos i t became deformed , metamorphe sed and 

i n parts mobilized . 

Fig. 5 . 1 (Koistinen 1981 , Fig . 22) shows the regional 

position of the Outokumpu Ore District, an area where 

Cu - Co-Zn ore depos i ts and minor rela ted sulphide mas se s 

are found. The district lies in the junction area between 

the Archaean basement (B) and the younger crust composed 

of Svecofennian sedimentary- volcanogenic assemblages SW 

of the major suture (Bowes et al ., in press) . 

EXOGENIC FEATURES IN THE ORE 

The ore and rocks at Outokumpu have been subject 

to a number of detailed descriptions . Among the earlier 

authors , mention should be made of Haapala (1936), Vähätalo 

- ( 1953) and Pel tola (1960, 1968) . Our ideas on the genesis 

of the ore deposit have developed with the increasing 
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B BASEMENT o G~ANOOIO~ I TE 

c) lOWE~MOST COVE~ FORMATIONSE"!] GRANITE 

METAPEllTE + METAPSAMMITE rn PO~PHYRITIC GRANITE 

W META PEll TE • PA~Tl Y 
MIGMATIZEO 

MUB METATU~BIOITE . MOBILIZ ED 
MIGMATIZEO 

..... AMPHIBOlE- ANO PYROXENE 
-- BEA~ING SUPRACRUSTAl ROCKS 

!'\ lOWE~ MAJO~ T H~UST 
1\» UPPE~ MAJO~ T H ~US T 

~ BASIC TO ULTRABASIC 
~ IGNEOUS ROCK 

GO SE~PENTINITE (IN TH E = OUTOKUMPU O~E OIS-

" 

TRICT) 
~ BASE METAl MINE 

' I GEOSUTURE 

~ AREA OF FIGURE 2 

Fig . 5.1 . Maj or tectonic features of the Outokumpu Ore 

data . 

District and surrounding areas. Excursion 

route: Mine = Stop 1, a = stop 2, b = stop 3 , 

c = stop 4, d = stop 5, e = stop 6, f stop 7 . 

It is evidently polyphase deformation and meta -

morphic modification of the deposit which has made it 

laborious to trace its original characteristics . Evidence 

of the submarine exhalative mode of deposition of the 

ore has also emerged gradually (Borchert 1954 ; Mäkelä 

1974 ; Huhma 1976; Peltola 1978 ; Koistinen 1981; Treloar 

et al . 

of the 

(Mäkelä 

1981; Park, in press) . The present characteristics 

ore are inherited partly from the time of deposition 

1974; Peltola 1978; Koistinen 1981) and partly 

from different times during its structural and metamorph i c 

evolution (Mikkola & Väisänen 1972; Gaal et al . 1975 ; 

Gaal 1977; Koistinen 1981) . 
The original setting of the ore wi th respect t o the 

adjacent sediments and the ultramafic unit is revealed 

as the minor and major tectonic thrusts, extensive F
1 

folds and 1813s extensive post - D
1 

structures are reduced 

(Koistinen 1981). As this is done, the ore deposi t is 

shown to be originally a wide layer of massive sulphides 
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underlain by a low-grade stockwork deposit in the sediments . 

This major feature relates ore deposition to processes 

active early in the geological evolution of the region . 

Apre r equisite for the generation of the stratabound laye r 

of sulphides and the associated stockwork deposit is 

unde r stood to be the availability of a heat source 

initiating a convection cell and of units from which 

metals could have been extracted . 

Most of the chert (now quartzite) lies below the 

original layer of massive sulphides, but a minor, 

carbonaceous part of the chert postdates the ore (Koist i nen 

1981 ) , and hence the ore deposition is syngenetic to the 

che r t deposition . The origin of the chert and the 

serpen tinisa tion are rela ted (Huhma & Huhma 1970) . There 

is also evidence of a close relationship between the 

serpentinisation and the exhalation of the ore (Park , 

in p r ess) . 

As a resul t of the structural evolution of the or e 

and the surrounding lithology, the low- grade stockwo r k 

deposit now forms an elongated , disseminated zone inve r ted 

a bove the mas s i ve ore. Thi s i s encoun tered at Kere t ti 

and Vuonos, and in the latter locali ty the highest grade 

part has been used for nickel production from an open 

pit (Gaal et al . 1975 ; Koistinen 1981 ; Parkkinen & Reino , 

in press) . Characteristic of the zone is the enrichment 

of Ni , Cu and Co, and other metals also present in the 

massive ore . Also characteristic is the presence of Ca -

def i cient silicate minerals, e.g . cummingtonite and ortho 

amphibole, whereas calcic silicates such as chrome diopside 

and chrome tremolite occur elsewhere. The composit i on 

of the non - calcic zone is interpreted as being der i ved 

fro m the time of exhalation , and the rocks there a r e 

rega r ded as metamorphic equivalent s of sediments (che r t 

wi th limes tone layers) altered by gas and fluid leaching 

agents (Treloar et al . 1981) . 

Due to the extensive mobilisation of the massive 

ore during the polyphase deformation and regional meta

morphism , it is the lowest strain areas that contain 
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layers of ore in their original stratabound position. 

The layers of ore, like the layers of the adj acent rocks, 

have been intensely folded . The thickness of the 

individual layers has b ee n modified by deformation, 

particularly by F 1 flow folds, and hence the original 

thickness is hard to demonstra te . The beds are expressed 

in the form of composi tional layering, now from minute 

bands to beds several decimetres thick . The early meta 

morphic segregation banding is weIl visible in the non 

mobilized parts , the distinction from the sedimentary 

banding being obvious, as observed at the fold noses , 

where the cutting relations can be demonstrated . No 

structures resembling framboids have been found , and such 

structures are unlikely to have been preserv e d under the 

metamorphie conditions which prevailed (600 ± 50 oC , 3 . 5 ± 1 

kbar , Treloar et . al. 1981 ; Treloar & Putnis 1982) . 

The extensive mobilisation of ore certainly poses 

prob l ems for the study of the primary zoning, al though 

positive results may be expected in the non-mobilized 

pa r ts of ore, as the layers are traced around the fold 

noses (Warrender , personal communication) . At the moment 

it i s only known that both horizontal and vertical primary 

zoning do exist . One feature of the vertical zoning is 

the posi tion of the pyri tic ore originally overlying the 

pyr r hotitic layer, while one feature of the horizontal 

zoning is the variable extension of the pyrrhoti tic ore 

with respect to the margin of the pyritic ore in the 

original basin . 
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EXCURSION SITES 

Stop 1 

Outokumpu, Vuonos mine 

Visit underground. Cu-Co-Zn ore. 

The open pit of Vuonos: 

Some rocks of the Outokumpu association are seen in 

the open pit (no longer worked) : serpentinite, metadolomite 

rock, chrome diopside skarn, chrome tremoli te skarn, 

quartzite (quartz rock) with skarn layers, carbonaceous 

quartzite, black schist and mica schist . The nickeliferous 

zone i s poorly exposed in the presently accessible parts 

of the quarry. 

Road cuttings, Svecokarelian schists (except c), 

Outokumpu-Varkaus 

This part of the excursion demonstra tes the gradual 

increase in neosome development from ENE to WSW, beginning 

from mica schist underlain by Archaean gneisses and ending 

mica migma ti te near the maj or suture . Generally the meta

morphic modification of the sedimentary layering also 

increases towards the suture. More than one set of 

structures and metamorphic fabrics 

o u tcrop . 

Stop 2 

Viinijärvi 

is shown by each 

Mica 

± garnet) . 

laye r ing . 

schist (quartz + plagioclase + biotite ± muscovite 

Calc - silicatic layers/lenses, sedimentary 
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stop 3 

Juojärvi 

Mica schist as a), a microtonalite dyke, granite 

granodiorite dykes . 

Stop 4 

Papinniemi (Valamo monastery) 

Basement gneiss (approx . 2 . 7 b.y . granit oid) of a 

small, local window . 

sto p 5 

Humalajärvi 

Veined gneiss . More than one pulse of neosome . 

Sto p 6 

5-7 km W of Karvio 

Veined gne iss . Kuopio - Suva s vesi - Savonranta wrench 

fault zone (see Halden 1982) . 

sto p 7 

To wn of Varkaus, BP stat ion 

Scholl ~n migmatite . 
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6 . 

METAVOLCANICS AND METASEDIMENTS OF THE PROTEROZOIC 

TAMPERE SCHIST BELT 

Ij . /(üh)f..önen, LLn lue/L!J -i.iy 0/ Nef"'.inki. , l)cjJu7!.illlerd 0/ (/f!(Jfoyy, 

Snee€J7lunln/adu 5, ST- 001lU lIef'>lnki. Il 

wuL 

GENERAL 

The Tampere schist belt (Fig . 6 .1 ) is one of the 

key areas of the Proterozoic Svecofennian zones of Finland 

and Sweden . It was made famous by J . J . Sederholm , who 

published his classical study with its actualistic concepts 

in 1897. 

D Microcline gronite 

Q Gronodiorite ond quortz diorite 

~ Diorite ond gobbro 

1=::::1 Mofic ond intermediote volconics 

Ig~~1 Conglomerote 

Fig.6.1. Geological map of 

[:3 Quort z - feld spor rocks 

~ Vorved schists ond mico schists 

~ Vorved schist s with ondolusite 

8 Migmot i res 
-"-rr Syncline 
-"'--v- Ant icline 

o I 2 4 6 8 10 km 
I !, ! ! , , 

the Tampere schist belt 

according to Si monen and Seitsaari (Eskola 1~63), 
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The bel t is over 200 km long in an E- W direction and 

some 20 km across at its widest . It is compl' sed of many 

ki nd s of metasedi men tary and me ta volcani c rock s (re fer r ed 

to he r e without the prefix meta - ) . The sediments are 

mostly greywackes and pelites , but there are also conglom 

e r ates , arkoses and black schists . Calcareous rocks are 

r are and quartzites are almost entirely absent . The 

basement of deposition is unknown . The volcanic rocks are 

mainly pyroclastic in origin , but there are also some 

la vas and subvolcanic rocks , ranging 

basaltic to rhyolitic , but with the 

in composi t i on f rom 

inte r mediate types 

most frequent . 

peaked under low 

The sc h ists are 

To the 

The r egional metamorphism had commonly 

pressure amphibolite facies conditions . 

cut by g r ani toids of approx . 1880 Ma 

south the schist belt grades to mica in age . 

gneisses and migmatites . Sederholm regarded these 

fI Svionian fI gnei s se s as older than the fI Bothnian fI schi st 

belt of Tampere , but nowadays the difference between these 

two groups is generally regarded as one of metamo r phic 

grade a n d sedimentary facies. To the north the bed r ock 

borders on the granitoid co mplex of Central Finland . 

STRUCTURE 

There is no thorough study on the structure of the 

Tampe r e schist belt as a whole . Most authors discussing 

the be l t ha ve sugges ted prac ti cally hori z on tal fold axe s 

striki n g approx . E- W and vertical or subvertical axial 

plane s for the fI main folding fI ( N euvonen and Ma ti s to 1948 ; 

Sei tsaari 1951 ; Simonen 1953a, b) . 

Polyphase deformation of the Tampere schist belt 

was obv ious from the studies of Seitsaari (1951) and Simo 

nen and Kouvo ( 1951) . Campbell (1978 and 1980) , in his 

study at Ylöjärvi , identified five generations of fold i ng . 

The ea r l i est , the F 1 folds , are proble matic and could also 
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be the resul t of peneeontemporaneous 

F 2 folds (the "main folding ", as 

as soeia ted axial planar fa br i e are 

sed imentary folding . 

i t is ealled) and an 

the dominant tee tonie 

elements of the belt . Aeeo rding to Campbell, there is 

eo mmonly a steeply oriented mineral lineation parallel 

to the F 2 fold axes . As a rule, however , the eontinui ty 

of the beds as marked on lithologieal and geophysieal 

maps of the be 1 t s ugges ts a gen tly rather than s teeply 

plunging fold axis for this dominant fold generation . 

The F 3 folds of Campbell have gently dipping axial planes 

and are only loeally developed . The F 4 folds are flattened 

flexural fol ds with dextral v ergenee . F 5 deformation 

is a large- seal e folding responsible for the eurvature 

of the strike of the sehist belt . 

STRATIGRAPHY 

The stratigraphie seheme of the belt (Table 6 . 1) 

is based on strata top observations in roughly N- S- trending 

profiles eas t and west of Lake Näsijärvi and along a 

profile at Viljakkala, about 35 km NW of Tampere. There 

are some r eser vations eoneerning this scheme . Campbell 

(1978) regard s voleanie aeti vi ty as eontemporaneo us wi th 

greywaeke deposition, and st res ses the 

stratigraphie reeonstruetion eaused 

diffieulties for 

deformation. Mäkelä ( 1980) 

voleanies at Viljakkala lie 

suggests 

at the 

by 

that 

lateral 

polyphase 

the basie 

extensions 

of gr eywaekes. In any case , the observations from strata 

tops by Gaal et al . (1981) and Kähkönen (1981) support 

the idea of d i viding the v oleani e s of Ylö j ärvi in to two 

groups separated by eonglomerates and other assoeiated 

sed iments . 

Quartzite xenoliths in diabase dikes (stop 3 ; Laita

kari 196<1) iudieate the possibliLy Lhat theru may exist , 

under the layers mentioned above, quartzite layers of 

so me kind whi ch do not reaeh the present erosion level . 
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Table 6 . 1 . Stratigraphie sequence of the supracrustal 

rocks in the Tampere schist belt (Sirnonen 1980) . 

Middle 

Sveco 

fennian 

Lower 

Sveco 

fennian 

mafic volcanics 

conglomerates and associated 

beds of greywacke slates and 

arkoses 

mafic and intermediate volcanics 

quartz-feldspar rocks (arkoses, 

greywackes and pyroclastics) 

greywacke slates 

thickness 
in metres 

1000 

700 - 800 

800 - 1500 

1500 - 2200 

JOOO 

The age of detri tal zircon from the greywackes is 

approx . 2400 Ma, whereas that of the Svecofennian volcanics 

is in the range 1920-1880 Ma (Sirnonen 1980) . The conglom 

erates contain some pebbles of plutonic (and hypabyssal) 

rocks whose zircon shows an age of 1880 Ma , which is almost 

the sa me as the age of the grani toids intrusi ve to the 

schists . A similar age (approx . 1900 Ma) is also indicated 

hy the detri tal zircon in the arko se of Mauri, some JO km 

H of Tampere (Ma ti sto 1968-), which 0 bviously belongs to 

Simonen ' s Middle Svecofennian group. Thus, the sediments 

of the schi s t bel t contain two z ircon groups . Tha t in 

the greywac ke s i sold (approx . 2400 Ma, from the unknown 

basement) whereas that in the sediments higher in the 

stratigraphy is of a younger generation (approx . 1900 Ma) . 

The evolution of the bel t occurred between 2400 Ma 

and 1880 Ma . The time of commencement of sedi mentation 

is not known, but the 

very short , from around 

to around 1880 Ma aga 

period of magmatic activity was 

1900 Ma ago for the volcanic rocks 

for the plutonic rocks . In this 

respect , too , the bel t is highly similar to many Archaean 

greenstone belts . 
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SEDIMENTARY ROCKS 

Greywackes and slates 

The greywackes and slates of the Tampere schist belt 

are mostly turbidites . Graded bedding is a common feature, 

and small - scale eros s-bedding (Bouma C), load casts and 

soft sediment deformation have also been observed in places 

(Sederholm 1911; Matisto 1977) . Most of the greywacke 

beds are Bouma A or Bouma AB beds (Ojakangas, . oral 

communica tion) . 

There is a large area close to Tampere consisting of 

greywackes and slates, most of which obviously belong 

to the Lower Svecofennian . This area is perhaps the best 

known area of sedimentary origin in the belt, due to 

excellent outcrops on both shores of Lake Näsijärvi . It 

is also in this area that the greywacke beds reach their 

maximu m thickness (3-5 m) , in the southern parts of the 

belt at Nokia. In the northern parts of the greywacke 

sla te area the thickne s s of the s tra ta i s typically le s s 

than 0 . 5 c m (Ma ti s to 1977), al though there are so me " me ga 

var v es " wi th a thickne s s of 60-200 cm (Si monen and Kouvo 

1951) . The palaeoccurrents 

and Aitoniemi typically ran 

oral communication) . 

of th e turbidi tes at Nokia 

from SE to NW (Ojakangas, 

The elasts of the greywackes include mineral grains 

of quartz, plagioclase and some microcline . Rock fragments 

include quartzi te, sla te, fine - grained quartz-feldspar 

rock and occasionally basic igneous rocks wi th a blasto 

öphitic texture (Sirnonen and Kouvo 1951) . The 2400 Ma - old 

detrital zircon and the abundance of quartzite elasts , 

as well as the presence of quartzite conglomerates within 

the gr eywackes (Seitsaari 1951; Stop 9 , this guide) suggest 

that the greywackes were at least partly derived from 

rocks of greater age than those within the schist belt . 

Nevertheless, th e p.yroclustic inter' beds and the presence 

of the volcani c conglomera te at To hloppi (approx . 5 km 
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west of the city of Tampere) indicate that there was 

volcanic acti vi ty of some stage during the sedimentation 

of the greywackes (Simonen and Kouvo 1951 ; Matisto 1977) . 

The mi ca gnei s ses and migma ti te s sou th of the schi s t 

bel t proper do not in general display any well-preserved 

primary structures . They are characterized by nume r ous 

black schist intercalations , abundant calcium concretions , 

and mo r e intense weathering and sorting than the greywackes 

near Tampere (Matisto 1977) . 

Conglomerates 

The conglomerates of the Tampere sehist belt can 

be divided into three types , voleanie , plutonie and 

qua r tzitie aecording to the dominant phenoclast material . 

Typically they belong to the group in whieh the 

pebbles are mostly of voleanic (and less commonly of 

sedimentary) origin . The type unit is the Veittijärvi 

eonglomerate (stop 13 , this guide), which is situated 

be tween the lower and upper volcanie uni t of Ylö j ärvi . 

The conglomerate can be traced for many kilometres on 

lithological and geophysical maps , and is up to 900 m 

thick 10- 15 km east of Lake Näsijärvi . The proportions 

of volcanic and sedimentary pebbles in the Veittijär vi 

conglomera te vary , as do the ra tios between mafic , inter 

media te and fel s ie volcani es . Pe bbles of true plu toni e 

origin are extremely rare . The matrix and interbeds in 

the conglomera te consist of greywackes and sla tes whieh 

vary in eomposi tion from mafic volcaniclastie to felsie 

sandstones . The associated greywackes often show g r aded 

bedding . 

Conglomerates 

byssal pebbles are 

(50 - 60 km west of 

wi th large numbers plutonie and hypa 

typical of the Suodenniemi - La via area 

Tampere) . These are interbedded wi th 

miea schists and mica gneisses and are not intima t ely 

as soe i a ted wi th volcanic s as are the eonglomera tes nea r 
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Lake Näsijärvi (Sirnonen 1953a) . Perttula (1982), however, 

has observed that there are also intermediate volcanics 

associated with conglomerates in the Suodenniemi area . 

Conglomerates consisting mainly of quartzi te pebbles 

are r are . So far these hav e been observed only as narrow 

beds in the re gion SW of the Värmälä grani te (Se i t saar i 

1951 ; see also stop 9, this guide), where there are also 

pebbles of phylli te, fin e - grained volcanics , quartz 

feldspar rocks and fragments of feldspar . Same pebbles 

could be of plutonic, probably granodioritic, origin . 

Cong l omerates of this kind typically occur as interbeds 

in g r eywackes and slates . 

Arkoses 

There is a large arkosic uni t near Mauri, same 25 km 

west of Tampere (Matisto 1968,1977) . It is up to 2 . 5 km 

thick and same 15- 20 km long . The arkos e shows lar ge -

scale cro s s - bedding , and there are s ca t tered fine - grained 

pe bbles of the same material in places . The tops of the 

st r a t a typically point to the south, and the direction 

of f l ow was roughly from west to east. 

The texture of the rock is blastoclastic, the elasts 

obse r ved including mainly quartz and feldspars. The 

elasts are angular and amount to only some 20 % by vol . 

Due to deformation and metamorphism i t is difficul t to 

say , whether there had originally been more mineral grains 

and rocks fra g ments . 

Accessory minerals include tourmaline, zircon (approx . 

1900 Ma old) and monazite . 

Matisto (1968, 1977) suggestes that the arkose was 

deri v ed from nearby grani tes and deposi ted in a fluvial 

environment. 
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Volcanic rocks 

The volcanic rocks of the Tampere schist belt are 

mostly pyroclastic; tuffs (including crystal tuffs and 

hyaloclastic tuffs), lapilli tuffs, agglomerates and 

volcanic breccias . There are large amounts of volcanic 

conglomerates, volcanic greywackes and tuffites. Many 

types of dykes, sills and lavas are associated with the 

pyroclastic rocks, and it is often difficult to distinguish 

the volcanic and hypabyssal rocks of the various 

categories one from another . 

origin have so far been 

Pillow lavas of indisputable 

observed only in the Haveri 

formation at Viljakkala (approx. 35 km NW of Tampere; 

Stigzelius 1944; Mäkelä 1980). 

We have no thorough palaeovolcanic analyses available 

at present, and therefore we have no exact idea of the 

volcanic centres. 

The mineral composition of the basic volcanics is 

characterized by hornblende (amphiboles in general) and 

plagioclase (andesine to oligoclase). The shoshonitic 

basalts and andesites also contain large amounts of 

biotite . The intermediate rocks typically contain plagio

clase, quartz, biotite, hornblende and chlorite . The 

original phenocryst phases include clinopyroxene (currently 

urali te) and plagioclase in the basic rocks, and plagio

clase in the intermediate rocks. 

The chemical composition of the volcanic rocks is 

highly variable; from basaltic to rhyolitic, from sub

alkaline to alkaline, from low-K to shoshoni tic, and from 

tholeiitic to calc-alkaline (Kähkönen 1981) . The most 

typical cases are intermediate rocks with calc - alkaline 

affinities . The Ti0
2 

content of the basaltic rocks is 

typically, though not entirely, low (less than 1 . 3 %) • 

Most of the volcanics in the Tampere area resemble lavas 

and tephras of modern arc volcanoes in their composition . 
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EXCURSION SITES 

Most stops are indicated in Fig . 6.1 . 

Stops and 2 will concern the Hirsilä-Korkeakoski 

area , which is a northerly equivalent of the Tampere schist 

belt proper (situated 5- 10 km north of it) . 

Stop 1 

Korkeakoski (2142 06 ; x = 6856 . 20, y = 515 . 88) 

Gabbro 

Auto bre ce ia s truc ture s in a hornblende-gabbro which 

is possibly associated with the volcanic rocks of the 

Hirsilä - Korkeakoski area . Autobrecciation is obviously 

due to processes in the magma chamber . 

Stop 2 

Hirsilä, Orivesi (2142 06 ; x = 6852 . 47, y = 516 . 20) 

Greywackes with volcanic interbeds 

Greywackes often display graded bedding and are 

probably turbidites. The thickness of the individual 

beds varies greatly, from laminations of 1-2 mm to beds 

more than 1 m thick. 

There are interbeds of basic tuffites (Fig . 6 . 2) 

and an intermedia te hyaloclasti te. There are also basic 

(urali te porphyri te) and intermedia te sills which may be 

comagmatic with the volcanic rocks of the area . 

Thc 11 0 :;8S of tight to isoclinal rolds are orten 

clearly discernu bJ e. The ptygmatic foldlng and feather 

joints represent different types of plastic and bri ttle 
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Fig. 6.2. Basic volcanic intercalations in greywacke . 

Stop 2, Hir silä, Ori ve si. Length of the scale 

bar 12 cm. Photo I. Laitakari. 

deformation. The cutting granitic dykes show nice 
boudinage. 

stops 3 and 4 concern 

olivine dia base dykes of Häme 

of dykes is at least 150 km 

known, some of them measuring 

over 100 m in width. They are 

and thus belong to the same 

granites. 

some peculiarities of the 

(Laitakari 1969) . The set 

long. About 150 dykes are 

over 10 km in length and 

of an age of about 1650 Ma, 

age group as the rapakivi 
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stop 3 

Jouttijärvi, Orivesi (2142 05, x = 6844.53, y = 514.15) 

Quartzite xenoliths in diabase 

An olivine diabase dyke eontaining large fragments 

of plagioclase and xenoli ths of blastoclastic quartzi te. 

As mentioned before, quartzites are very rare in the 

Tampere sehist belt. The xenoliths, however, suggest 

that even the Svecofennian belt may contain some quartzite, 

at least in its deeper parts. 

stop 4 

Oritupa, Orivesi (2142 05, x = 6840,10, Y = 514.90) 

Preeambrian glass 

Glass in narrow apophyses of diabase dykes (Lindqvist 

and Lai takari 

uncommon. The 

1980) . Precambrian 

presence of glass 

glass is exceptionally 

in the rock shows tha t 

the present erosion level is very near to that of 1650 Ma 

ago, since devitrification of glass rieh in water takes 

place very rapidly even at 300 0 C. Thus the tempera ture 

can never have exceeded that value during the last 1600 Ma. 

At stops 5-8 we will study the volcanie rocks of 

Orivesi near Teerijärvi and in road cuttings on highway 9. 

Stop 5 

Teerijärvi, Orivesi (2142 04, x = 6839.70, y = 515.83) 

Volcanie conglomerate (?) 

The pebbles are mostly basic, but with some ultrabasic 
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and acid ones. The matrix is basic. The pebbles are 

mostly roundish, but some 

of pebbles rich in epidote 

are angular. The occurrence 

(originally pumice filled with 

carbonates?) indica te s subaerial origin for thi s pos si bly 

catastrophic deposit. 

stop 6 

Teerijärvi, Orivesi (2142 04, x = 6839.23, y = 516.00) 

Basic agglomerate 

The 11 bombs 11 often con tain pale amygdalas, 1-2 cm 

in diameter. The rocks in the surroundings of stops 5 

and 6 are mainly intermediate volcanics. According to 

magnetic maps, i t is estima ted tha t these two basic uni ts 

are less than 200 m thick, while the thickness of the 

surrounding intermediate unit (described at stop 7) 

approaches 1000 m. 

Stop 7 

Road cuts of highway 9, Orivesi 

The rocks at this stop represent the intermediate 

unit of thickness approx. 1 km. The rocks of the unit 

are typically calc-alkaline pyroclastic dacites and 

andesi tes, and there are also some rhyoli tes. Also there 

are narrow metamorphic basaltic dykes with a high potassium 

content, but these are younger than the intermediate unit. 

a. 2142.04, x = 6839.34, y = 513.92 

Plagioclase porphyritic crystal tuff 

The rock is relatively homogeneous and typically 

shows no stratification, although these are fragments 
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Fig. 6.3. Conglomera te "dyke" in intermediate erystal 

tuff. stop 7a, Ori ve si. Length of the seale 

bar 12 em. Photo I. Laitakari. 

of lapilli size in variable amounts. One "bed" is possibly 

a sill. 

One peeuliari ty is a eonglomerate "dyke" about 30 em 

wide (Fig. 6.3), the fragments in whi eh mainly resemble 

the surrounding voleanies and are equally deformed. 

b. 2142 04, x = 6839.10, Y = 513.70 

Ignimbrite and erystal tuff 

The ignimbri te dispalys a "fiamme" (flame) strueture 

(Fig. 6.4). The epidote spots may originate from pumiee 

fragments. Possi ble ehanneling suggests tha t the top of 

the strata is S . An homogeneous erystal tuff eontains 
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Fig. 6.4. Ignimbrite with fiammes. Stop 7b, Orivesi. 

Length of the scale bar 10 cm. Photo Y. Kähkönen. 

large amounts of angular fragments of plagioclase pheno

crysts (approx. 35 % by vol.). 

Stop 8 

Road cuttings on highway 9, Orivesi (2142 04, 

from x = 6838.60, y = 513.20 to x = 6838.10, Y = 512.70) 

The NE part of the area is composed cf a unit of sub
alkaline basalts-to-rhyolites, and the SE part of 

shoshonitic and high-K basalts-andesites-dacites, with 

overlying conglomerates, greywackes and peli tes (Kähkönen 

1981) . 

a. The subalkaline basaltic-to-rhyolitic unit is 

about 150 m thick. The rocks are volcaniclastic in general ; 

agglomera tes, lapilli tuff s, tuffs, tuff i te sand volcanic 

greywackes. They seem to be mainly water-laid rocks . 
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In addition there is one uralite-plagioclase-porphyrite 

sill. The compositions of the strata vary from basaltic 

to ryolitic. Some strata include deformed mud balls. 

The graded bedding youngs to the south. 

b. The shoshonitic and high-K unit is approx. 250 m 

thick in this profile, and comprises an older basal tic

to-andesitic unit and a younger dacitic (or trachytic) 

uni t. The rocks of the former are mainly pyroclastic; 

agglomerates, lapilli tuffs, tuffs and tuffites (Fig. 

6.5) . There is discussion on whether some plagioclase

porphyritic rocks are flow-breccias or hyaloclastites. 

The rocks of the daci tic uni t display a peculiar pillow

like structure (Fig. 6.6). 

Fig. 6.5. Stra tifica tion in a tuffi te of the shoshoni tic 

to high-K unit. stop 8, Orivesi. Length of the 

scale bar 12 cm. Photo I. Laitakari. 
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Fig. 6.6. Pillow-like strueture in a shoshoni tie daei te. 

stop 8, Orivesi. Length of the seale bar 12 em . 

Photo I. Laitakari. 

e. Voleanie eonglomerates, greywaekes and pelites 

overlie the shoshoni tie and high-K uni t, whieh ean also 

be observed on the SW side of the eonglomerate-peli tes 

due to folding. The eonglomera te is elast-supported in 

i ts NE parts. Pebbles from the daei tie uni t below are 

elearly diseernable. These pebbles mostly differ 

from the voleanies of the Orivesi area, however, in having 

a higher Ni eontent. Towards the SW (higher in the 

stratigraphy) the eonglomerates eontain more pelitie matrix 

and pelitie interealations. Finally there are pelites 

(partly greywaekes), whieh often show graded bedding. 
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Stop 9 

Road c u tting at the boundary of Orivesi 

and Kangasal a (2142 01, x = 6833.92 , Y = 507. 9 8) 

Greywacke with interbeds of quartzite conglomera te 

The thickness of the strata in the greywackes varies 

from sev eral metres to lamination of some mi l limetres 

(Fig. 6.7). The r e is graded bedding in places . So me 

interlayers a r e pelitic, and many conglomeratic (Fig . 6.8). 

Their thickness seldom exceeds 1 m. There are pebble s 

of peli tes and fi ne - grained plutonic rocks, but most of 

the pebbles co n sist of quartzi tes of unknown origin (see 

also Sei tsaari 1951, p. 42). The presence of roundish 

zircon and r a r e streaked features in the quartzite pebbles 

suggest a clas t ic - sedimentary origin. The conglo me rates 

are mostly clast-supported but there are single p e bbles 

wi thin the greywackes, too. The outcrop is an inc lusion 

within granod i orites . 

Fig. 6.7. Strat ificat i on in greywacke . stop 9, Kangasala. 

Length of the scale bar 12 cm. Photo I. Laitakari. 
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Fig. 6.8. Congl omera te wi th quartz i tie pebble s. stop 9 , 
Kangasa la. Length of the seale bar 12 em . 

Phot o I. La itakari . 

stop 10 

Suinula, Kangasala (2141 03, x = 6827.15 , y = 504.45) 

Veined gnei ss wi th interbeds of hyaloela s tie erystal 

tuffs. If the interbeds are real hyaloelas ti tes, as the 

present authors think, this would indieate shallow water 

sedimentation f or the gneiss material. 
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stop 11 

Aitoniemi, Tampere (2123 09, x = 6826.80, y = 489.70) 

Greywackes and slates with Corycium enigmaticum 

Graded bedding and load casts can be observed. The 

greywackes and slates on both sides of Lake Näsijärvi 

contain phyllite inclusions enveloped by graphi tic seems 

(Matisto 1963, 1969, 1974, 1977). Their carbon is of 

biogenie origin and they also contain microfossils 

resembling algae. The inclusions were originally regarded 

as true fossils and named Corycium enigmaticum by Sederholm 

(1911 ) . Matisto, however, regards them as secondary in 

origin, loosened and deformed from newly deposi ted beds 

by turbidity currents. 

Stop 12 

Aitoniemi, Tampere (2123 12, x = 6826.00, y = 490.30) 

soft 

ABC 

Greywackes and slates 

Here we can observe graded bedding, load casts and 

sedimen t deforma ti on. 

beds are seen in 

Bouma A, AB and occasionally 

this area (Ojakangas, oral 

communication). 

stop 13 

Railway cutting, Takamaa, Ylöjärvi 

(2124 04, x = 6831.10, y = 476.40) 

Veittijärvi conglomerate (Fig. 6.9) 

The conglomerate is approx. 100 m thick at this point. 
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F i g . 6. 9 . Veittijärvi conglomerate with int e rbeds . 

Ve r tical section . Stop 13, Ylö j ä rvi. Length 

of the scale bar 12 cm . Photo I . La i takari. 

The pebbles con s i st of different types o f acid, inter 

mediate and, less commonly, basic volcani c rocks. There 

are als o pel itic pebbles . Some pebbles have a hypabyssal 

texture , but t r ue plutonic rocks are rare . The pebbles 

are well-r ounded but strongly deformed, t h e ir maximum 

e longa tion being almost vertical . The comp osition of 

the matrix a nd interbeds varies from peli tic to gr eywacke 

and tuffi t i c . The Spart of the outcrop c onsists of 

gr e ywa cke s of basaltic composition. The c on glomerate 

is cut by intermediate dykes, possibly associated with 

the gran itoi d s to the NE . 
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Stop 14 

Railway cutting, Takamaa, Ylöjärvi (2124 04, 

from x = 6831.40, y = 476.35 to x = 6831.50, y = 476.30) 

Greywackes and volcanics overlying the Veittijärvi 

conglomerate 

The greywackes (typically Bouma AB beds) display 

graded bedding (top of strata N). The thi ckne ss of the 

strata typically varies from 0.5 to 40 cm. One homogeneous 

stratum (a Bouma A bed ?) is up to 3 m thick. The clasts 

of these greywackes consist mainly of plagioclase and 

volcanic rock fragments instead of the abundant quartz 

so typical of the greywackes at Ai toniemi (stops 11 and 

12). Some strata have a high potassium content. These 

were probably derived from the shoshonitic volcanics known 

near Lake Vahantaj ärvi (approx. 6 km SEE of this point). 

The volcanics of the area include rhyolitic tuffs 

and tuffites, a fragmented basaltic andesite (obviously 

of hyaloclastic origin), uralite-plagioclase porphyrite 

sills, and a subvolcanic dacite intrusive to the schists. 

Stop 15 

Lakiala, Ylöjärvi (2124 04, x = 6835.70, y = 474.90) 

Pelites, greywackes and volcanics 

The rocks are typically peli tic, but there are some 

clastic portions, too. The thickness of the beds is mostly 

less than 5 cm. Tabular cross-bedding and synsedimentary 

faulting can be observed. 

The rock in the S part of the outcrop are acid and 

intermediate pyroclastics, typically lapilli tuffs. They 

are strongly deformed. There is the nose of a tight fold 
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at the transition zone from sediments to volcanics . These 

volcanics belong to 

volcanic uni t in the 

area (Table 6.1) . 

the lowermost parts of the uppe r 

stratigraphie scheme of the Ylöjärvi 

Stop 16 

Vihola , Nokia (2123 05 , x = 6817 . 90, y = 474.50) 

Greywacke and slate 

The beds are up to 5 m thick . Bouma A, AB, ABC, 

possibly ABCD beds are present. Load casts , calcareous 

concretions and boudinage can be seen . 

detrital zircon is approx . 2400 Ma . 

Stop 17 

The age of the 

Mauri , Suoniemi (2123 03 , x = 6821 . 70 , y = 460 . 60) 

Arkose 

The blastoclastic arkose displays large- scale c r oss 

bedding , with parallellamination in so me places and 

scattered pebbles in others. Deposition from a high 

velocity c u rrent in a fluvial environment is evident . 

The age of the detri tal zircon is approx . 1900 Ma . A 

detailed cescription of this rock was published by Matisto 

(1968) . 



- 132 -

REFERENCES 

Campbell , D. S. 1978, Struetural and metamorphie studies in 

the Svecokarelides, Tampere, Finland. Unpublished 

Ph.D. thesis, Glasgow University, 146 p. 

Campbell, D.S. 1980, Struetural and metamorphie development 

of migmatites in the Sveeokarelides, near Tampere, 

Finland. Trans. R. Soe. Edinburgh: Earth Sei . 71, 

185-200. 

Eskola, P. 1963, The Preeambrian of Finland. Pp. 145-263 

in The Precambrian. Vol. 1, ed. by K. Rankama. Inter

seienee PubI., New York-London - Sydney . 

Gaal, G., Front, K. & Aro, K. 1981, Geochemieal exploration 

of a Precambrian ba tholi th, souree of a Cu-W 

minerali za tion of the tourmaline bre e eia in sou thern 

Finland. J. Geoehem. Explor. 15, 683-698. 

Kähkönen, Y. 1981, Ori veden ja Ylö j ärven proterot so oi se t 

vulkaaniset vyöhykkeet; erityisesti niiden geokemia . 

Unpublished thesis, University of Helsinki, 210 p. 

Laitakari, I. 1969, On the set of olivine diabase dykes 

in Häme, Finland. Bull. Comm. geol . Finlande 241 , 

65 p. 

Lindqvist, K. & Laitakari, I. 1980, Glass and amygdules 

in Preeambrian diabases from Orivesi, southern Finland . 

Bull. Geol. Soe. Finland 52-2, 221 - 229 . 

Matisto, A. 1963, 111ber den Ursprung des Kohlanstoffs in 

Coryeium. Neues Jahrb. Geol. u. Paläontol., Monatsh. 

8, 433-441. 

Ma ti sto, A. 1968 , Di e Meta-arko se von Mauri bei Tampe re . 

Bull. Comm. geol . Finlande 235, 21 p. 

Matisto, A. 1969, On the mierofossils of Coryeium 

enigmatieum. Bull. Geol . Soe . Finland 41, 199-202. 



- 133 -

Matisto, A. 1974, Cor y cium eni gmaticumj Beschaffenheit 

und Herkunft des problematischen Gebi l des . Geol . 

Surv . Finland Bull. 268, 30 p. 

Ma ti sto, A. 1977, Tampereen kartta-alueen kallioperä . 

Summary : Precambrian rocks of the Tampere map-sheet 

area. Suomen geologinen kartta 1:100 000, kallioperä

kartan selitys, 2123 Tampere , 50 p . 

Mäkelä, K. 1980, Geochemistry and origin of Haveri and 

Kiipu, Proterozoic strata- bound volcanogenic gold 

copper and zinc mineralizations from southwestern 

Finland. Geol. Surv . Finland Bull . 310, 79 p . 

Neuvonen, K. J . & Matisto, A. S.I. 1948, Some observations 

on the tectonics in the Tampere schist area . Compt . 

Rend . Soc . Geol. Finlande 21, 79- 86, also Bull. Comm . 

geol . Finlande 142. 

Perttula, J. - P. 1982, Suodenniemen geologiasta . Unpublished 

thesis, University of Turku, 92 p . 

Sederholm, J.J. 1897, Uber eine archäische Sediment -

formation im südwestlichen Finnland und ihre Bedeutung 

für die Erklärung der Entstehungsweise des Grund 

gebirges. Bull. Comm. geol . Finlande 6, 254 p . 

Sederholm, J . J . 1911 , Geologisk öfversiktskarta öfver 

Finland . B2, Tammerfors . Beskrifning till bergarts -

kartan (Resurne en francais), 110 p . 

Sei tsaari, J . 

in Finland . 

1951, The schist bel t northeast of Tampere 

Bull . Comm . geol . Finlande 153 , 120 p. 

Simonen, A. 1953a, Stra tigraphy and sedimentation of the 

Svecofennidic early Archean supracrustal rocks in 

sou thwe stern Finland. Bull . Comm . geol . Finlande 

160, 64 p . 

Simonen, A. 1953b, Kallioperäkartan selitys - Explanation 

to the map of rocks, Lehti - Sheet - 2124, Viljakkala

Teisko . Suomen geologinen kartta Geological map 

of Finland , 1 :100 000, 74 p . 



- 134 -

Simonen, A. 1980, The Precambrian in Finland. Geol. Surv. 

~inland Eull. 304, 58 p. 

Simonen, A. & Kouvo, 0. 1951, 

of Tampere in Finland. 

Finlande 24, 93-114, also 

154. 

Archean varved schists north 

Compt. Rend. Soc. Geol. 

Eull. Comm. geol. Finlande 

Stigzeli us, H. 1944, Uber die Erzgeologie des Vilj akkala

Gebiets im südwe stlichen Finnland. Compt. Rend. Soc. 

Geol. Finlande 17, 1 -91 , als 0 Eull. Comm. geol. 

Finlande 134. 



- 135 -

7. 

THE JOTNIAN (UPPER PROTEROZOIC) SANDSTONE OF SATAKUNTA 

1. Laita/wl/.i, geofog.iwl SUI/.vey ot linfuruJ, Sl-02750 C-6POO 75 

The Jotnian area in Satakunta (Fig . 7 . 1), located 

south of the town of Pori, consists of non-metamorphic 

rocks including rapakivi granite, sandstone and olivine 

diabase . The area measures some 50 x 80 km and the sand

stone follows its NE contact in a belt approx. 15 km wide . 

The Lai tila rapakivi massif immediately to the SW of the 

sandstone is about 1580 Ma old (Vaasjoki 1977) and olivine 

diabases cutting the sandstone give ages between 1250 

and 1275 Ma (Sirnonen 1980) . Field observations suggest 

that the age of the sandstone lies somewhere between these 

values. 

The material of the sands tone i s deri ved from the 

Sveco fennian metamorphie complex (Sirnonen and Kouvo 1955) . 

Accord ing to paleoccurrent analyses the source area should 

be in the south (Marttila 1969), tha t is in the Lai tila 

rapakivi area . Thus erosion probably did not reach the 

rapakivi until the sedimentation of sandstone began . 

Bedrock windows in the sandstone area also s how that the 

sedimentation base is the Svecofennian metamorphie complex 

and not the rapakivi. 

Geological observations show tha t the sandstone lies 

in a long graben which, at leas t in the NE, i s bordered 

by a fault zone . A drill hole S of Pori (Fig . 7 . 1) wi th 

a depth of 617 m did not reach the base of the sandstone . 

Estimates based on aeromagnetic surveys (Puranen 1963) 

in fact set its depth at 1200-1600 m in the central part . 

Lauren's result obtained by gravimetrie studies, is of 
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Fig . ? . 1 . The Jotnian area of Satakunta according to 

A. Laitakari (Puranen 1963) . x stop 1 . 

I1Archaean rock l1 in the legend of this old map 

denotes to Svecofennian metamorphic complex , 

which is now known to be Proterozoic. 

the same order, and suggests a still greater depth at 

the NW end (Mart tila 1969) . The topography of the 

sedimentation base seems to have been very rough, however, 

the bedrock windows representing the hill tops. 

The most common rock type in the area is an arkose 

sandstone containing 15 to 30 % microcline . Quartz is 

always the princ ipal mineral (usually over 50 %) . The 

proportion of matrix is under 2 5 %. 

e r ate are quite common . 

Interbeds of conglom -

The idea that the material is derived from metamorphic 

rocks and not from rapakivi, is based on the study of 

heavy minerals and the type of potash feldspar, orthoclase , 

so typical of rapakivi, being almost completely absent . 

One curiosity that may be mentioned is that iron 

micrometeorites have b ee n found in many places in the 

Jotnian sandstone of Satakunta (Marttila 1969) . 



- 137 -

The sandstone area is very fla t and mostly covered 

by Quaternary deposits. Only about 10 outcrops of sand

stone are known. In addition very many wells reach the 

sandstone. When mapping this area, Aarne Laitakari (1925) 

dived to the bottom of many of these wells wi th a hammer 

and took samples. This enabled hirn to see tha t al though 

most outcrops consist of diabase, the area is principally 

occupied by sandstone, the diabase only forming large 

dikes and sills cutting this sandstone. 

Stop 1 

Sandstone, Lammaistenkoski, Harjavalta 

Fig. 7.2. The sandstone outcrops of Lammaistenkoski, 

Harjavalta. Photo I. Marjatta Virkkunen . 
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The best outcrops of Satakunta sandstone lies down 

the river from the Harjavalta power station plant (Fig. 

7.2). The bedding is very clear. Cross-bedding shows 

tha t the deposit was originally formed as a ri ver delta. 

Intercalations of clay rock are common, and ripple marks 

have also been found. 

The outcrop lies almost exactly on the NE contact 

of the sandstone graben. The dip of the beds (about 35 0 
) 

shows tha t the fault was also acti ve after tüe 

sedimentation of the sandstone . One possible reason for 

the sinking of the graben may be the eruption of the large 

amounts of diabase in the area. 

The many potholes in the sandstone tell of more recent 

exogenic processes. 
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8. 

ON THE GEOLOGY OF THE AIJALA-ORIJÄRVI AREA, 

SOUTHWEST FINLAND 

INTRODUCTION 

The Aijala-Orijärvi area, 

in Southwest Finland , appr . 

( F i g. 8 . 1 ) . I t isa pa r t 0 f 

of acidic 

part of 

metavolcanic rocks, 

which is located in 

of appr. 400 km 2 , is located 

100 km west of Helsinki 

a zone composed principally 

the lepti te zone, the main 

Central 

easternmost continuation is found in 

Sweden, while its 

Southwest Finland , 

representing a deeper erosional level. 

The geology of the Aijala-Orijärvi area was made 

famous by the publica tions of Eskola (1914, 1915) in which 

he discussed the petrology of the area and laid the 

foundations for metamorphic petrology. Tuominen (1950, 

1954, 1957) wrote about the tectonic history of the area, 

and the origin of cordierite-anthophyllite rocks, and 

La tvalahti (1979) descri bed the volcanogenic ore deposi ts 

of the area. 

The present study resul ts from work carried out by 

Ou tokumpu Oy , Exploration, in the area in 1974-1980, wi th 

the aim of locating new ore bodies based on information 

obtained from known occurrences . 
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Fig . 8 . 1 . General geological map of the Ai j ala - Orij ärvi 

area , and detail ed map of the environmen t 

of the Aijala area (lower right - hand corner). 

General geology 

The leptite zone , of which the Aijala-Orijärvi area 

is a part, belongs to the Svecofennian schist zone of 

the Svecokarelian orogeny , which reached its culmination 



- 142 -

1800-1950 Ma ago. Rocks of volcanic origin display a 

marked concentration in the area compared with the rest 

of the lepti te zone wi thin Finland, while forwards Lohj a 

in the east and Perniö and Kemiö in the west the 

proportions 

increase. 

of rocks of sedimentary origin clearly 

The primary structures in the metavolcanic 

rocks and the existence of chemical sediments in the area 

(limestones, cherts and iron formations) indicate that 

these rocks were deposited in a relatively shallow, 

oxid izing water. 

In addition rock s, the Ori j ärvi 

batholith is an 

to the supracrustal 

essential part of the Aijala-Orijärvi 

area. It is a synorogenic intrusive ranging in composition 

from hornblendite to granodiorite . The complex also 

features a small layered intrusion. 

Fig. 8.1 gives a general geological map of the Aijala

Orijärvi area. 

in 

an 

Structure and metamorphism 

Evidence of three 

the Ai j ala-Ori j ärvi 

isoclinal folding 

separa te folding phases is found 

area . The oldest, F l' has caused 

which is 5-10 0 overturned to the 

south in the Orijärvi area . The axial plane schistosity 

of F 1 parallels the primary bedding. The second phase, 

F2 , abounds in the Orijärvi area. Its axial plane 

schistosi ty is at a 10-20 0 angle to the bedding. These 

two fold axes are flat-lying. The phase F J is typically 

shearing in the Ai j ala area ; and the linea tion connec ted 

with it is vertical. 

The diapirically raised Orijärvi batholith (Eskola 

1914) i s in an antiform structural pos i tion in the Ai j ala 

and Orijärvi areas. A triangular geosynclinal basin 

bordered by NE and NW-striking faults and shear zones 

exists north of Orijärvi . 
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The degree of regional metamorphism is that of a 

low-pressure amphibolite facies and is associated with 

the peaks of the deformation phases F 2 and F.3 . Typical 

of the mineral parageneses are coexisting muscovite , 

quartz, potassic feldspar, and sillimanite . 

Stratigraphy 

The leptite zone is divided stratigraphically into 

three groups : the lower , middle and the upper Svecofennian 

supracrustal groups. 

The lower group is composed of mainly acidic supra 

crustal rocks tha t are ei ther of volcanic origin or are 

weathering sediments, depending on their original location 

within the paleo - basin . Both types include chemical 

sediments, limestones , 

formations. 

cherts and intercalated iron 

The overlying middle group contains mostly inter -

mediate and/or basic metavolcanites. Narrow skarn and 

limes tone intercalations (0 . 1- 0 . 5 m) occur in the basal 

part. 

The upper group consists of weathering sediments 

mixed wi th ma terial of volcanic origin . As a whole, i t 

represents the vaining stage of volcanic activity . 

Fig . 8 . 2 gives the stratigraphy of the leptite zone 

in the Aijala- Orijärvi area . 

The stratigraphie sequence in the Aijala area begins 

wi th acidic metavolcani tes, which 

mediate and basic metavolcanites . 

at the top . 

are overlain by 

Metasediments 

inter -

occur 

The stratigraphy of the Or ij ärvi area is basically 

bottom that similar, with 

are overlain 

acidic metavolcanites at 

by a volcanic conglomerate 

the 

formation 200-

.300 m thick . The overlying basic metavolcani te formation 

is composed of several agglomerate and lapilli beds . 
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STRATIGRAPHY OF THE LEPTITE BE LT. 

GRYTHYTT*'N I, LJUSNARSBERG! AMME _B_E_R_G_-+-I _u_T_Ö __ _ 

CG L PARAGNEI SS 

META- A RGI LLITE ,1 GRW . SUBGRW ARENITES 

SPILITE S 

I I I V OL C ANIC (GL I MICA S C HIST i DACITIC TUFFITES I GRW, MICA SCHI STS 

---~-,=~~==~======~======~======~======~ i GRW I: GRW CG L 

I ,I BA SIC VOL CANI C 

I ROCKS 1 PYROCL 

K- HALLEFLINTA , 

LIMESTONE , 

LEPTITE SCHIST , 

SPILITES , 

LEPTITE , Mn-

1 

I • LAYAS ) 

SKARN, LIMESTONE ,! 

LEPTITE 1 EPI - I' 

CLASTIC SEDI-.... n- RICH IRON 

ORE RICH IRON ORE , MENT S • TUFFS . I 

LIMESTON E LAVAS ) 

N o -HALLEFLINTA , LEPTITE , CGL , LI .... ESTON E . 

LIMESTON E Mn - POOR 

LEFTITE 1 EPICLAS- I HALLEFLINTA 

TIC SED' .... ENTS· I LEPTITE. 

TUFFS· LAVAS) I LlMESTON,E. 

I IRONFORM. 

M n - POOR IRON IRON OoRE , 

ORE . CHEU LIMESTONE 

I 

SKA~N IRON ORE 

CHEMIC AL SEDI -

.... ENTS 1 LI .... E - I 
I 

STONE , OZT ) i 
t 

LEPTITE - HALLE -I GRV , 

FLINT I LAVAS . SUBGRW 

I 

I 
TUFFS ) I 

I , 
SUNDI U S 11923 ) i MAGN USSON 11'940 ) I HEN RIOl!)'ES 11964 ) I GAVELI N et 01. 119761 

St ratigraphi e section s acr o ss the 

b e lt, and the Aijala-Or i järvi area. 

s yn orogenic 

a r e loca t e d 

Petrology 

Plutonic rock s 

plutoni c 

in th e 

r o cks of the 

CHERT , 

ACID YOL CANIC 

RO C KS 

1 PYROCLASTIC ) 

l e ptit e 

Orijärvi 

The 

were 

s upr a crus tal r o ck s , 

dep osited dire c tly 

now 

on 

central part of the area . 

surr o unding the batholith, 

th e r oo f of the batholi th in 

t h e n orth an d n orth '..J e st . In this cas e an acidic plutonic 

r ock g r a dual ly grad es t o an a c idic metav o lcanic r o ck . 

In t h e Ori j ärv j a r e a the batholith is surround e d by a 

quartz porphyritic bo rd e r facies . 
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The supracrustal rocks are altered to varying degrees 

ut the gradually changing contacts of the batholith . 

'i'he strongest degrees of al tera ti on are e tlc o untered at 

Bj örknä s (appr . 1 . 5 km S of Ai j ala) and Venetkorpi (appr . 

2 . 5 k m SW of Ai j ala) . The composi tion of the ba tholi th 

ranges from hornblendi te to granodiori te . Sil icification 

is encountered in places , as indicated by quartz eyes 

in the grano and qua r tz diorites . 

Genetically associated wit h the bath olith are 

frequently encountered acidic subvolcanic dykes . These 

dykes , in which large quartz eyes are typical, occur both 

conformably with , a n d cutting across the supracrusta l 

r o cks . 

I t i s eviden t tha t the ba tholi th was originally an 

acidic dome in the earth ' s crust, originating from v olcanic 

activity . Present erosion exhibits a deeper level in 

the southern part of the batholith than in th e north . 

Table 8 . 1 gives the chemical composi t ion s of the 

Orijärvi batholith and an acidic dyke . 

Supracrustal rocks 

The metavolcanic rocks of the area are thole i itic 

and calc - alkalic in composition . Fig . 8 . 3 shows the 

chemical compositions of the metavolcanic rocks of the 

area plotted on an AFM diagram . 

Volcanic activity in the area was subaquatic , and 

took place on, or close to, a sea bed at a depth of 200-

300 m. 

The metavolcanic rocks in the Aijala and Orijär vi 

areas display marked differences despite the fact that 

they may represent same stratigraphie formations . The 

primar y structures and textures of the rock s in the Ori 

j ärv i area are be t ter preserved than those in the Ai j ala 

area . 



- 146 -

Ta bl e 8 . 1 . Ghe mi cal co mpositions 

Orijär v i batholith . 

1 2 3 

Si0 2 66 . 9 72 . 8 7 1. 36 

Ti0 2 
0 . 27 0 . 23 0 . 34 

Al 20
3 

13 . 7 14 . 2 13 . 3 1 

Fe 20
3 

0 . 99 

FeO 4 . 1 3 . 03 3 . 36 

MnO 0 . 06 0 . 03 0 . 10 

MgO 1 . 25 0 . 47 0 . 87 

GaO 2 . 80 1 . 99 2 . 85 

Na 20 4 . 31 4 . 65 3 . 58 

K2 0 2 . 52 2 . 34 2 . 26 

1 . Acidic dyk e wi th quartz eyes. 

6676 . 05, y = 466 . 92) . 

of rock types in the 

4 5 6 

71 . 50 50 . 99 49 . 15 

0 . 34 0 . 65 1 . 52 

13 . 79 15 . 18 17 . 73 

0 . 76 1 . 87 2 . 76 

2 . 07 8 . 09 7 . 20 

0 . 06 0 . 18 0 . 1 L. 

1 . 47 10 . 0 6 . 91 

3 . 54 8 . 60 9 . 91 

4 . 48 2 . 67 2 . 88 

1 . 11 0 . 38 0 . 7 2 

Kisko , Ai konlahti (x 

2 . Even- grained granodiorite . 

6676 . 05, y = 466 . 92) . 

Ki sko , Aikonlahti (x = 

3 . Granodiori te . Orijärvi (Eskola 1914) . 

4 . Quartz porphyry , a contact variant of the Orijärvi 

granodiorite (Eskola 1914) . 

5 . Basic sill. Ori järvi (Eskola 1914) . 

6 . Hornblende gabbro . Appr . 6 km S from Kisko (Eskola 

1914) . 

1 - 2 . XRF analyses, Outokumpu Oy . 

Mafic pyroclastic rocks are dominant in the Orijärvi 

area . These were originally mainly tuffs , lapilli tuffs 

and agglomerates . Metalavas are also encountered , but 

meta tuffi tes a re rar e . Quartz and plagioclase phenocrysts 

are seldom found in the acidic metavolcanites. 

The majority of the rocks in the Aijala area are 

acidic pyroclastic metavolcanites . These are overlain 

by intermediate-basi c metavolcanites containing moderate 

amounts of weathering sediments in places . 
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AIJALA AREA 

+ acidic metavolcanic rocks 

• intermediate-basic rocks 

F ORIJÄRVI AREA 

+ basic metavolcanic rocks 

• basic metavolcanic rocks 
in Toija 

+ 

Fig . 8 . 3. AFM diagram for metavolcanites from the Aijala

Ori j ärvi area . The broken di V iding line 

between the tholeiitic and calc-alkaline fields 

is after Irvine and Baragar (1971) . 

The basic metavolcanite formation 

the Orijärvi area due to isoclinal folding, 

volcanic textures are well preserved. 

is repeated in 

but the primary 

The metalavas 

contain plagioclase 

filled wi th quartz 

phenocrysts, 

and epidote . 

and 

The 

locally spherules 

composi tion of the 

fragments in the agglomerates and lapilli tuffs ranges 

from acidic to basic . 

Acidic metavolcanic rocks 

There are two main types of acidic metavolcanite 

encountered in the Aijala area . The lower one in the 

stra tigraphy is an even-grained, homogeneous tuff . This 

is overlain by phenocrystal pyroclastic metavolcanites, 

which can be classified according to the size, quality 

and quanti ty of the phenocrysts, which are composed of 

quartz and plagioclase (diameter 1 - 4 mm) . It is difficul t 

to differentiate between the quartz phenocrysts and the 
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Table 8 . 2 . Chemical compositions of acidic metavolcanites . 

1 2 3 4 5 6 

Si0 2 70.75 73 . 85 72 . 35 74 . 25 76 . 20 66 . 35 

Ti0 2 0 . 33 0 . 20 0 . 25 0 . 38 0 . 34 0 . 39 

A1 2 0
3 

13 . 50 12.93 13.96 13.00 12 . 31 13 . 84 

Fe 20
3 

3 . 18 3.31 3 .0 /+ 2 . 57 0 . 64 5 . 86 

MnO 0 . 03 0 . 04 0 . 03 0 . 03 0 . 02 0 . 09 

MgO 0 . 94 1 . 61 1. 19 1 . 14 0 . 14 2 . 20 

CaO 3 . 57 3 . 65 2 . 85 1 . 95 2 . 80 2 . 54 

Na 20 4 . 72 2 .1 4 3 . 08 3 . 35 3 . 63 4 . 92 

K20 1 . 80 1 . 11 2 .1 2 1 . 89 1 . 03 1 . 72 

Total 98 . 1 98 . 84 98 . 89 98 . 56 97 .11 97 . 91 

1. Even- grained metavolcanite . 

y = 463 . 810) . 

Ai j ala (x 6675 . 420, 

2 . Acidic metavolcanite with phenocrysts . Aijala (x = 

6675 . 496, y = 464 . 456) . 

3 . Acidic metavolcanite with quartz eyes . Aijala (x = 

6675 . 256, y = 465 . 568) . 

4 · Acidic metavolcanite with quartz eyes . Aijala (x 

6675 . 532, y = 463 . 866) . 

5 . Quartz - eyed fragment in quartz - eyed metavolcanites . 

Aijala (x - 6675 . 530, y = 463 . 808) . 

6 . Hornblende and bioti te bearing fragment in quartz - eyed 

metavolcanite . Aijala (x = 6675 . 684, y = 465 . 318) . 

1-6. Wet cbemical analyses (Lukkarinen 1979). 

quartz eyes , since both are deformed and partly re

crystallized. The quartz aggregates are 2-10 mm in dia 

meters . The quartz eyes origina te from the precipi tat ion 

of quartz i n the pores of acidic pumice from heated, 

circulating sea-water . 

Th e altGr ed acidic metavolcanites in the Orij~rvi 

area are massi ve and locally breccia ted by skarned 



fis8ures . A few aejdic agglomerate beds are eneountered . 

T h e ae i die met a v 0 1 C !J n i t e :3 are 0 ver] a i n b y be d s 0 feh e r t , 

limestone, iron formations and a voleanie eonglomerate . 

The0e mainly c.:hernieal sedi mcnLs indicate a quiet period 

in the volcanic activj ty . 

Table 8 . 2 gives the chcmieal cornpositions of the 

acidic metavolcaniLes . 

InLcrmec1iate - basi (: metavolcani tes 

T h ein L c r m e d i Cl L e - ba sie In c ta v 01 c an i te s in t h e Ai j al a 

area are heterogcnic in composiLion and habit . The rnajority 

are made up of thin , layered (1 - 10 em) tuffite beds 

containing diopside-skarn intcrcalations . The strongly 

devcloped shear - schisto:;ity Ijives this rock type a banded 

structure . Tn addi tion Lo tuffi tos, Lhe intermedia te 

hasic metavoJcaniLes co ntain agglomerate and tuff beds 

of a more marie composition . 

There i8 a basic metavoJ canj te located at Toija (NW 

corner of thc Orijtirvl areal that differs in ehemical 

eornposiLion from the r"!)st of the E- W-oriented volcanites 

in thc areu . This appears to represent a.nother phase 

in voleanic activ:L ty and muy be connected wi th the 

emplacement of ul trarnafic roeks and assoeiated basic 

voleanites in the arca . 

Table 8 . 3 gives the c.:hemical cornpositions of the 

inte rm ediate und basic metavolcanites . 

Meta:,edlmen ts 

Wi thin the lepti te zone rnetasediments are encountered 

both on the lateral continu!JLion of the metavolcanites 

und ovcrlying Lhem . The ov(~r Ly i ng metased imen t s are in 

the lOajorityin Lhe I\ijala-Urljilrvi area . 
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Table 8 . 3 . Chemlcal composltions of intermediate - basic meta

volcanites . 

3i02 
'1'i02 
A120

3 
Fe

2
0
3 

FeO 

MnO 

MgO 

CaO 

1 2 3 4 

60 . 20 53 . 70 L.8 .00 ?O . H 

0 . 51 0 . 59 0 . 55 0 . 60 

14 . 58 15 .05 

7 . 98 9 . 59 

0 . 13 

3 . 84 

7 . 77 

0 .1 6 

5 . 26 

7 . 69 

17 .76 17 .L.0 

10 . 54 

10 . 60 

0 . 20 0 . 19 

6 . 51 3 .98 

11 . 49 10 .90 

5 6 8 9 

55 . 50 47 . 40 4?~0 56 . 50 48 . 60 

0 . 68 0 . 4b 0 . 49 0 . 37 1 . 11 

15 . 50 16.30 18. dO 14 . 50 13 . 70 

9 . 20 

0 .1 8 

2 .86 

8 . 69 

12 . 60 12 . 60 

0 . 25 0 . 19 

6 . 10 6 . 06 

8 . 79 8 . 24 

7 . 55 

0 . 12 

2 . 4.4 

-13 .6 

10 . 40 

0 . 1/. 

9 . 15 

7 . 51 

Na20 1 . 79 3 . 37 2 . 11 3 . 32 3 . 41 2 . 06 1. 57 0 . 25 3 .34 

K20 1.29 1.15 0 . 21 0 . 42 0 . 50 0 .1 0 0 . Y9 0 .1 0 1 . 06 

Total 98 . 09 98 . 56 97 . 37 98 . 21 96 . 52 94 . 06 94 . 74 95 . 43 95 . 01 

1. Intermediate metavolcanite . Aijala (x = 6676 . 392 , 

y = 465 . 140). 

2 . Intermediate tuff containing plagioclase und hornblende 

phenocrysts . Aijala (x = 6675 .1 80 , y = 461 . 420) . 

3 . Basic meta volcanit e . Orijiirvi (x = 6676 . 292 , y = 465 . 552) . 

4 . Basic metavolcanite , pillnw lava . Orijcirvi (x = 6680 . 35 , 

y = 470 . 74) . 

5 . Basic metavolcanite , lava . 

y = 470 . 75) . 

6 . Basic metavolcanite , tuff . 

y = 472.93) . 

Orijärvi (x = 6680 . 36, 

Orijärvi (x 6681 . 27 , 

7 . Basic metavolcanite , curnmlngtonite bearing tuff. Ori

j ä r v i (x =: 668 1 • 2 5 , y = 47'2 . 93 ) . 

8 . Epidote skarn fragment in baHic metavoJcanite (x = 
668 1. 26 , y == 472 . 93) . 

9 . Basic metavolcanite , pillow luva . Toija, appr . 2 . 5 km 

NW from Kisko (x = 6684 . 95 , y = 469 . 0 2 ) . 

1-3 . Wet chemical analyses (Lukkarinen 1\1'19) . 

4 - 9 . XRF analys(~s , Ou tokulllpu lly . 
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narrow band 01' rnetased iments, a mica gneiss, 

j n 1-. he AL j a la ar e a , a tl d Ud s i s in tür sec t e d 

by Q postorogenie potassic granite, the Perniö 

granite . 

The metavolcanite beds in the Orlj~rvi area are over

lain by metasedimen ts, and the acidic meta volcani tes by 

cherts, limestones, iron formations and a volcanic conglom

era te, as mentioned above . The conglomera te mainly 

contains fragments of acidic metavolcani t e , mica gneiss, 

mica schist and chert. Some of th e fragments resemble 

underlying formations, e . g. th e quartz-eyed metavolcanites . 

This formation is overlain by basic metavolcani tes, which 

are in t\lrn overlain by mica schists, arkosi tes and, a 

little higher in the stratigraphy, intercalated inter 

mediate and acidic tuffit~s . 

The chemical sediments, limestones and iron formations 

are numerous but small in size as compared with those 

in the areas distal to the volcanic centres, e . g . the 

Lohja area (20 km east of Orij~rvi), where there are 

operating limestone quarries and exhausted ir on ore mines . 

The typical iron formations of the Aijala-Orij~rvi 

area are of the Algoma type. These occur in volcanic 

environments and typically display s mall horizontal and 

vertical dimensions as compared with the Superior - type 

iron formations in s e dimentary e nvironments . 

The following iron ore types occur in the Aijala-

Orij~rvi area : 

1. Chert - banded iron formations . 

2 . Banded and massive types of skarn iron ones . 

J . Titanium iron ores associated with plutonic rocks . 

Comparing the iron formations of the Ai j ala - Ori j ~rvi 

area with those of Central Sweden, the following 

differences can be noted (Sipil~ 1981) . 

1 . There are no apatite iron ores in Southwest Finland . 

2 . Magnetite and hernatite coexist in Central Sweden . 

J . The ir on formations of Central Sweden are loca ted, 

higher in the stratigraphy, i . e . in the potassic leptites . 
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4 . Oxide facies iron fOl'maLjon~> predorninate in Cont l"! J 

Sweden whil e the silicate faeiPG type LS Lhc rn( ,:.;(' c"rnmUll 

in Southwest Finland . (Oxid~ und su1phiuc [',t el." 'l1' irul l 

f 0 r m a t ion s are als 0 e n c Cl u n L e rt~ cl j n t h e J\ i ,j a 1; 1 - 0 r i j ij r v L 

area . ) 

Table 8 . 4 gives the chemical compusi tions of Lhe 

metasediments in the Aija1a - Orijtirvi areu . 

Ore deposi tt:; 

There are three exhausted min es in the f\ijala-Orijärvi 

area , the Aij a1a Cu- S mine , the Metsä mo nttu Zn - Cu-Po mine , 

and the Ori'ärvi Zu - Cu mine . The mines were ope rated 

by Outokumpu Oy . The Aijnla and Metstimonttu deposilH 

are in the same stratigraphie horizon, elo~~ to the contact 

between the basic and aeidic motavoleanil l';; , on the acidie 

side . Tho whole dü;tance botwecn Lhe min es (1 . ) km) is 

mineralized . 'rhe Orijiir vi deposit is within un acidic 

metavolcanite formation , slightly lower in the stratigraphy . 

The Orijtirvi mine L; one oi' the oLd(~;,t in FinJand 

dating back to 1757. 11., llU:.> yieJded appr . 1 million tons 

of ore contalning 0 . 7 % Cu , and 300 % I,rt . The ore is 

locally an(1 genetical 1y associaLed wiLh 3n alle rati o n 

zone . 'rhe t'eGt quali ty ore was contuined in diopside 

skarn , and some was also prescnt in serieite sc hist, quartz 

r ock and eordierite - anLophyLlite rock . The alte r atio n 

zOIle Jiüs apf.J!' . 200 m awa,Y ['rom thc Or ij iirvi batholith . 

The toL,tl produetion or the Ai.ia1a mine was 0 . 8 

mi11 Lm 1.0'l~~ Gt':1.di ng 1 . 6 % Cu ilnd 14 . 2 % S , and that of 

the Mets:imonL Lu min 0 1 . 4 mill'll] tons grading 3 . 5 % Zn , 

0 . 8 % Pb, :2) ppm Ag 'wd 13 . ::3 % ;) . 

All the three ore bodle;..; ,wr8 relatively s ma ll in 

size and had been bad1y brokell up by tectonic movements 

and par l1 y r emobi liz ed , bul Lhey were nev e rtheless st r ata -

b 0 U 11 • '1 r u dis tin t; L h Y cl r () 1., her m i.1 1 Cl 1 te rat Ion s 

ass 0 c i a ted w j t h UI!; t> 1'(: cl e po fJ i L [; pro d 11 ein ß (; 0 r cl i (; r i te -
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Table 8 . 4 . Chemical compositions of metasediments . 

Si0 2 
Ti0 2 
Al 20

3 
FeO 

MnO 

MgO 

CaO 

Na
2

0 

K
2

0 

P
2

0 5 

'71 . 9 

0 . 40 

19 . 56 

3 . 15 

2 . 36 

4 . 21 

0 . 01 

0 . 12 

0.07 

2 

24 . 66 

0 . 03 

0 . 88 

55 . 98 

0 . 25 

7 . 80 

6 . 41 

0 . 04 

0 . 02 

1 . 72 

3 

48 . 89 

0 . 05 

0 . 92 

42 . 86 

1. 32 

2 . 50 

4 . 19 

0 . 04 

0 . 01 

0 . 5 

4 

76 . 2 

0 . 20 

9 . 58 

4 . 20 

0 . 05 

1 . 48 

0 . 99 

3 . 09 

1. 39 

0 . 04 

5 

75 . 3 

0 . 15 

11 . 5 

2 . 28 

0 . 06 

0 . 80 

4 . 62 

1. 57 

3 . 53 

0 . 05 

6 

67 . 3 

0 . 74 

12 . 2 

6 . 71 

0 . 08 

2 . 33 

3 . 59 

1.94 
2 . 17 

0 . 16 

7 

58 . 5 

0 . 54 

17 . 5 

8 . 18 

0 . 08 

3 . 15 

2.03 

1 . 18 

2 . 78 

0 . 22 

Total 101. 5 99 . 17 102 . 29 97 . 22 99 . 86 97 . 22 94 . 16 

1. Chert-banded iron formation . Kisko , Marjaniemi (x = 
6677 . 40, y = 467 . 10). 

2. Silicate facies iron formation . Ki sko , Mar j aniemi 

(x = 6677.40, y = 467 . 10) . 

3 . Silicate facies iron formation . 

(x = 6677 . 40 , y = 467 . 10) . 

Kisko , Marjaniemi 

4 . Ma tr ix of a volcani c metaconglomera te (upper). 

(x = 6681 . 16, y = 472 . 87) . 

5 . Ma tr ix of a volcani c metaconglomera te ( lower) . 

(x = 6680 . 92, Y = 476 . 75) . 

Kisko 

Kisko 

6 . Graded mica schist . Kisko, Sorvastonlampi (x = 6680 . 92, 

y = 476 . 30) . 

7 . Mica schist andalusite and cordierite 

porphyroblasts. 

with 

Kisko (x = 6681 . 1 6, y = 475 . 00) . 

1-3 . XRF analyses, hautaruukki Oy (Sipilä 1981) . 

4-7 . XRF analyses, Outokumpu Oy . 
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antophyllite rocks , sericite and/or cordierite schists, 

and quartz rocks . The skarns generally hosted hi gh grade 

ores . The three ore bodies are regarded as proximal 

volcanic - exhalative, Kuroko-type deposits . 

CONCLUSIONS 

The mainly calc-alkalic 

largely of supracrustal rocks 

Sweden into Southwest Finland . 

leptite zone 

and extends 

This zone 

is composed 

from Cen t r al 

is part of a 

Proterozoic island arc structure . The Finnish slde ur 

the zone apparently exhibits a deeper erosional level 

than the Swedish side. Tho eastern limi ts of the lepti te 

zone are found in Southwest Finland. 

Metavolcanites make up the majority of the rock types 

in the Aijala-Orijärvi area . The vulcanism in the area 

i s considered to be re la ted to the Ori j urvi ba tholi th , 

which has affected the geological evolution of the aroa 

in rnany ways . After the culmination of the volcanic 

acti vi ty the ba tholi th rose and the con tact zone rocks 

were altered as a consequence of changlng PT conditions . 

Charac teri s tic of the Ai j ala - Ori j ärvi area are vo lcan ic

exhalative ore deposits and mlneralizations with assoc i ated 

alteration phenomena . This alteration phase probably 

took place before the next one at the contact zone between 

the batholith and surrounding supracrustal rocks . 
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EXCURSION SIT~S IN THE AIJALA- ORIJÄRVI AREA 

Fig . 8 . 4 gives the e xcursion route and stops . 

6686 

N 

t 
s 

66 8 0 

464 

Fig . 8.4 . 

o 2 km 
J....."j loowwI I 

476 

The excursi on route and stops in the Aijala 

Orijärvi a r ea . 

The Ai j ala area 

Stop 1 

Metavolcani tes at the Metsämonttu mine (x 6675 . 78 , 
Y ::: 463 . 80) . 1 km walk . 



- 156 -

Intermediate-basic metavCJlcanite~; er op out in tli e 

vicini ty of the Metsamonttu mine, displaying skarn-banded 

tuffite, lapilli tuff and ClgglornArate interc:alaUons, 'H:d 

acidic quartz-eyed pyroclastic rocks . 

A pronounced shear schistosity and associated verti~al 

lineation are seen . 

Two exhausted mines, Me L,ämont tu 

located in the 

1949-1974. 

area . These were operatpd 

Aijala, are 

by Outokumpu 

million tons . Oy in 

The mines are in 

Total production was 2 . 2 
the same stratigraphie 

1.5 km from each other. 

horlzon, appr . 

Metsamon ttu was a Zn-Pb-A g-Cu mine gradlng 3.5 % Zn, 

0.8 % Pb, 25 ppm Ag, and 0.3 % Cu . Aijala was a Cu-S mine 

grading 1 . 6 % Cu, and 14 . 2 % S . 

stop 2 

A micac eous metatuffitc at the Aijala sports field 

(x = 6676.06, y = 465.10) . 
This metfltuffiLe is straLigraphically betVJeen an acidic 

and an int ~ rmediate-bQsic tn (,t av o lcanitc bed. Primary 

bedding anrl 3 fo ld are see n in th e 0 utcrop. 

S top 3 

The contact zone of the Orijärvi batholith at Aikolan 

lahti, Kiskc' (x ~ 6676 . ü,:>, y = 466 . 92) . 
Two <:leidie rock types of ' different ages associated 

with the Orijarvi batholith are seen in the outcrop . The 

youngel' one intersec t8 the surrounding olde r roek , and 

is an even-grained plutonic rocl<. 11. 1s of a trondhj emi tic 

('omposition ulld contains basic inclusions . 

Th e 0 ld8r rock i s a coarse - grai ned, q uartz-eyed hypa-

byssal dyke . 'j 'I(;se are common in the border zone 01' the 

ba1,holith, extending 1,0 thc rnotavolcanites . An even-grained 
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granite also brecciate 8 th e quartz-eyed acidic dyke in 

the ou tcrop. Th i s i s eons id e red younger than the meta

voleanites but older than the Orij~rvi batholith. 

Stop 4 

Iron formation at Marjaniemi, Kisko (x = 6677.40, 

Y 467.10). 

This stop shows an iron formation wi th thin inter

ealating bands of silicate and oxide facies and ehert. 

The forma ti on i s plas ti cally deformed and brec cia ted by 

a younger plagioclase porphyrite dyke . The iron formations 

in the Aijala -Orij~rvi area occur stratigraphieally in 

several horizons within the acidie metavolcanites. 

The Orij~rvi area 

Stop 5 

Basic metavolcanites south of Hyypi~nm~ki, Kisko (x = 
6680.35, y = 470 . 70). 1 km walk. 

The obj eets of interest are a contact between inter

mediate and basic metavoleanites, and agglomerate and pillow 

lava beds in the la tter . Typical of the contact zone is 

a skar ned part in the intermedia te meta voleani te . Several 

agglomerate beds are seen, with bombs and sharp-edged 

fragments of up to 0.2 x 0 . 3 m3 . 

Stop 6 

Metavoleanites north of Iilinj~rvi, Kisko (x = 6681 . 24, 

y = 472.45). 0.5 km walk. 

The outerops display mafie metavolcanite and underlying 

conglomerate. The two folding phases typical of the Ori

järvi area are se e n in the conglomerate outcrop . 
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Stop 7 

Mica schist in a cutting in the Salo-Mustio road at 

Orij~rvi (x = 6681 . 30, y = 475.04) . 

This si te is higher in the s tra tigraphy than any of 

the previous ones . At these stratigraphie levels the origin 

of the weathering material may vary from bed to bed . When 

it is of volcanic origin the rocks are called intermediate 

or acidic tuffi tes . \lJhen the material is of sedimentary 

origin , mica schists resul t . The road cutting displays 

a mica schist with alternating andalusite and/or cordierite 

porphyroblast-bearing beds . 

The bedding strikes almost E- W. The outcrop features 

a drag fold in which the schistosj t.y clearly intersects 

the bedding . 

Stop 8 

The Orij~rvi mine (x = 6679 . 76, y 474 . 65) . 

On the north side of the open pit a ~ubvolcanic amphi 

boli te dyke cuts across meta volcani tes and ore , while on 

the south side of the open pit there are altered rock types : 

skarns , sericite and 

cordierite - antophyllite 

suggest tha t there are 

cordierite-bearing schists and 

rocks . Geological observations 

cordieri te - anthophylli te rocks 01' 

two different origins in the area : 

1 . Cordierite-anthophyllite 

associated 

volcanites . 

wi th the ore deposi ts , 

rocks genet i cally 

originally acid i c 

2 . Cordieri te-anthophylli te rocks originating throug h 

alteration from sedimentary rock s . 

sornetimes seen in these. 

Primary bedding is 

Only the open pit, 80 m deep, and the head frame re ma i n 

of the old Ori j~rvi mine today . 

------- - - -
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Stop 9 

A metagraywacke in a cutting on the Salo - Mustio r oad 

at Sorastonlampi (x = 6680 . 92, Y = 476 . 30) . 

Site 9 is stratigraphically at the same level as 

site 7 . The outcrop displays a greywacke schist with 

bedding, graded bedding, load casts and slumps . 
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