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Introduction 

The inves t iga ted a rea is located about 130 
k m n o r t h of Rovan iemi (Fig. 1) and some 15 
k m eas t -nor theas t of the vi l lage of Ki t t i l ä in 
F inn ish Lap land . 

This pape r describes the b r igh t ly g r een -
colored ca rbona te rocks t h a t h a v e been found 
in the Ki t t i lä region. Owing to t h e presence 
of ch romian muscovi te (fuchsite), t he rocks 
a re called ch romian marb les . Some of the 
m a r b l e deposits h a v e been invest igated for 
bui ld ing s tone purposes (Pekkala 1972). 

The chromian marb le s w e r e f i rs t ment ioned 
by H a c k m a n (1927). In his ex tens ive de-
script ion of the geology of cen t ra l Lap land 
somewha t la ter , Mikkola (1941, p. 215) r e -

ga rded these rocks as associated w i t h t h e 
greens tones in Kit t i lä . Independen t ly of 
chromian m a r b l e invest igat ion an o the r ex-
plora t ion p r o g r a m was recent ly ca r r i ed out 
concerning the Ri ikonkoski copper ore de-
posit, s i tua ted some 10 k m nor theas t of t h e 
vi l lage of Ki t t i l ä (Yletyinen and Nenonen 
1972, Nenonen 1975, N u r m i 1975). T h e p a p e r s 
ment ioned give deta i led descr ipt ions of t h e 
geology of the Ki t t i lä region. 

T h e ma in phys iographic f e a t u r e of t h e 
a rea is a compara t ive ly f l a t cen t ra l Lap land 
plain, i n t e r r u p t e d in a f e w places b y hi l ly 
t e r r a in and fells. The a rea is covered b y 
t r anspo r t ed Q u a t e r n a r y deposits, unde r l a in 
by an in si tu w e a t h e r e d c rus t wh ich g rades 
d o w n w a r d s into a h a r d bedrock. Outcrops 
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a r e genera l ly scarce, ma in ly due to the ex -
tensive low- ly ing pea t land . 

General geology 

The ch romian m a r b l e s a re encounte red in 
the sou th -wes te rn p a r t s of t h e extens ive K i t -
t i lä spilitic g reens tone fo rmat ion , in t h e 
w e s t - n o r t h w e s t t r end ing cen t ra l Lap land 
schist bel t . Towards the south the be l t is 
bo rde red by the l a rge g ran i t e province of 
n o r t h e r n F in land (Mikkola 1941). 

The inves t iga ted a r ea is charac ter ized by 
s t r a t ig raph ica l ly over lapping he te rogeneous 
s e d i m e n t a r y and vo lcano-sed imenta ry f o r m a -
t ions (Fig. 2). Al l solid rock is P r e c a m b r i a n 
in age and the regional me tamorph ic g r a d e 

is genera l ly low (greenschist facies), w i t h 
p r i m a r y t ex tu re s wel l p rese rved in m a n y 
places. 

T h e oldest por t ion of the bedrock consists 
of a ch lor i te -bear ing mica schist and phyll i te , 
w i th occasional ve ry th in dolomite i n t e r -
calat ions. The phyl l i t e is recognized by t h e 
presence of g raph i t e and smal l amoun t s of 
sulphides. Most of the ma te r i a l in these rocks 
has or ig inated f r o m clayic and sapropel ic 
sediments . 

Contemporaneous ly wi th the above sedi-
menta t ion , volcanic act ivi ty s t a r t ed in the 
no r th and east of the p resen t area . M a n y of 
the f lows are pil lowed, indicat ing, toge the r 
w i th the evidence of in t e r f low sedimenta t ion , 
t ha t m u c h of this spilitic volcanism in Ki t -
t i lä took place in a m a r i n e env i ronment . T h e 
main cons t i tuents of the maf ic lavas a re 
amphibole , chlori te, a lbi te and biotite, w i th 
lesser amoun t s of epidote and carbonate . 
Agglomera tes and t u f f s a re f r e q u e n t among 
the greenstones , too. 

K e r a t o p h y r e and qua r t z k e r a t o p h y r e r ep -
resent the acid d i f f e ren t i a t e s of this volcan-
ism. The g roup also includes lapil l i t u f f s 
and epiclastic volcanic t u f f s (a lb i te -quar tz 
rock). Quar tz-ser ic i te schist is in most pa r t s 
a tu f faceous rock, or ig ina t ing f r o m a chemi-
cally w e a t h e r e d and r eworked ke ra tophyr ic 
mate r ia l . 

Chlor i te -carbonate , b io t i te -carbonate , ser i -
c i te -carbonate and fuchs i t e -bea r ing ca rbona te 
rocks a re associated w i th the greens tones in 
m a n y places. 

The in t rus ive rocks of the area are s t ruc -
tu ra l ly conformable d iabase and gabbro sills 
and lenses b e t w e e n the sed imen ta ry and 
greens tone beds. In m a n y cases the in t rus ive 
bodies a re d i f f e ren t i a t ed : amphibole-ch lor i te 
rock, a lbi te gabbro, a lb i te-biot i te rock and 
a lb i te -quar tz rock (albitite), t h e most acid 
member . Radiomet r ic age de te rmina t ions of 
zircon f r o m these a lbi te diabases show an 
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K u m p u - q u a r t z i t e A l b i t e d i aba se 

Greywacke Keratophyre 

P h y l l i t e V V 
V Greens tone 

C a r b o n a t e r o ck s S c h i s t o s i t y 

Fig. 2. Geological map of the Sotkaselkä area, Kittilä (after Nenonen 1975). The dashed line at Naa-
kenavaara shows the location of the cross section of Fig. 5. 

age of 2050 m.y. (Geological S u r v e y of F in -
land 1972). 

As the volcanic act ivi ty ceased, erosion 
s ta r t ed above t h e sea level, p rovid ing 
mate r i a l for younge r g reywacke . 

The above sequence overlain, in p a r t w i t h 
a m a r k e d angu la r unconformi ty , by rocks of 
Kumpu-se r i e s (Mikkola 1941, p. 181). These 

2 

a re r ep resen ted by the Sotkase lkä quar t z i t e 
in the cen t ra l p a r t and b y conglomera tes in 
the wes te rn p a r t of the a rea m a p p e d in Fig. 2. 

Chromian marble occurrences 

This pape r describes fou r of the inves t i -
ga ted ch romian m a r b l e occurrences in the 
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Fig. 3. Geological map of the chromian marble occurrence at Sotkajärvi. 
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Fig. 4. Geological map of the chromian marble occurrence at Sinermänpalo. 

Kit t i lä region: So tka jä rv i , S ine rmänpa lo , Sii- which is c lear ly revea led b y f ie ld magne t i c 
tonen and N a a k e n a v a a r a (see Fig. 2). measu remen t s . Excava t ions and d iamond 
Sotkajärvi. The s t ruc tu r e of the S o t k a j ä r v i dr i l l ings show the ch romian m a r b l e to be 
a rea is charac ter ized by a s t rong folding, located at the top of a fold, w h e r e i t reaches 
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a th ickness of 20—25 m (Fig. 3). In the l imbs 
of the fold it is d ivided into severa l g radua l ly 
th inn ing layers . T h e coun t ry rock is a 
chlor i te- and ser ic i te -bear ing ca rbona te rock, 
which grades into a chlori te schist on both 
sides of the ca rbona te rocks. The revea led 
rock sequence, f r o m the ch romian m a r b l e to 
the chlor i te schist, reaches a to ta l th ickness 
of u p to 60 m. 

Sinermänpalo. In the no r th - sou th al igned 
ca rbona te - r i ch zone to the wes t of L a k e 
S ine rmä jä rv i , a body of ca rbona te rocks over 
1000 m long and over 200 m wide has been 
proved. The ma in p a r t of th is S ine rmänpa lo 
occur rence is composed of ch romian m a r b l e 
(Fig. 4). In its p resen t position it has s s teep 
eas te rn dip. The body is unde r l a in by a 
chlor i te schist w i th a marg ina l zone of 
ch lor i t e -bear ing ca rbona te rock u p to 15 m 
thick. In the chromian m a r b l e itself, t he r e 
a re l ayers in which fuchs i te has been re -
placed by serici te or chlori te. In te rca la t ions 
of chlor i te schist, qua r t z - ca rbona t e rock and 
f u r t h e r on, bed- l ike lenses of su lphide- r ich 
schist a re also met . 

In the uppe r p a r t of the ch romian m a r b l e 
deposit, se r i c i t e -quar tz -ca rbona te rock and 
qua r t z - ca rbona t e rock in te rca la t ions a re 
f r e q u e n t . By in fe rence f r o m the eas t e rn -
most dr i l lholes and f r o m a single outcrop to 
the south of the lake, the over ly ing coun t ry 
rock is a qua r t z - ca rbona t e rock. 
Siitonen. A lense-shaped ca rbona te rock 
occurrence u p to 50 m thick and about 150 m 
long has been p roved in the Si i tonen 
ca rbona te - r i ch zone on the basis of f ie ld 
magne t ic m e a s u r e m e n t s and d iamond 
dri l l ings. The cent ra l p a r t is compsed of a 
l ayer of ch romian m a r b l e u p to 20 m thick. 
The coun t ry rock n e x t to it is a ca rbona te 
rock in which fuchs i t e has been replaced by 
sericite. As the a m o u n t of ca rbona tes de-
creases, the rock grades into a q u a r t z -
serici te schist. This schist lies on bo th sides of 
the ca rbona te rock body and is over la in by the 
Sotkase lkä quar tz i te . Magnet ic m e a s u r e m e n t s 
suggest t ha t the ca rbona te rock and the 
quar tz-ser ic i te schist a re unde r l a in by a 
chlori te schist. 

Naakenavaara. The N a a k e n a v a a r a a rea is 

S W 
R 506 R507 R 504 R505 R 508 R 510 

N E 

V V 
V Greenstone Quartz porphyry 

Carbonate rocks A l b i t e d iabase 

I M P h y l l i t e 
R 506 

Dr i l l hole 

A l b i t e - q u a r t z rock Fau l t 

Fig. 5. A cross section through the southwestern part of the Naakenavaara area. 



The chromian marbles of Kittilä, Finnish Lapland 21 

charac ter ized by a gent ly sloping ant icl ine 
in which the bedding is a lmost hor izontal . 
The complex rock sequence f r o m bo t tom to 
top is: greenstones; an assemblage of a l t e r -
na t ing beds of ca rbona te - r i ch rocks, phyll i te , 
quar tz-ser ic i te schist, a lb i t e -quar tz rock, 
greens tone; and quar t z i t e of the K u m p u -
series. Dikes of gabbroic metadiabase , qua r t z 
k e r a t o p h y r e and qua r t z p o r p h y r y cut the 
sequence below the quar tz i te . Copper min -
eral izat ions h a v e been f o u n d main ly in con-
nection wi th the quar tz -ser ic i te schist and 
phyl l i te . The geochemical explora t ion in 
N a a k e n a v a a r a has been t rea ted by Nenonen 
and Puus t i nen (1976) and they found tha t t h e 
glacial till and w e a t h e r e d rocks on t h e 
ca rbona te rock horizon are enr iched in 
copper and nickel . 

At Naakenavaa ra , the chromian m a r b l e 
occurs as unhomogeneous layers, f r o m a f ew 
cent imeters to 30 me te r s thick in a s t r a t a -
bound ca rbona te - r i ch horizon m a d e u p of 
ser ic i te-carbonate , ch lor i t e -carbona te and 
b io t i t e -ca rbona te rocks. The horizon is over -
la in and unde r l a in by var ious rocks, such as 

quar tz -ser ic i te schist, phyl l i te , a lb i t e -quar tz 
rock, chlor i te schist and greens tone . The 
genera l posit ion of the N a a k e n a v a a r a 
ca rbona te rocks is d i f f e r en t f r o m he o the r 
ch romian m a r b l e occurrences, owing to the 
complexi ty of the rock sequence and as wel l 
as to the composit ion of the maf i c minera l s . 
Fig. 5 shows a cross section t h rough t h e 
sou thwes te rn p a r t of the area. 

Petrography 

Chromian marble. The ch romian m a r b l e is 
a b r igh t green, usual ly a ve ry f ine -g ra ined 
(0.02—0.2 mm) ca rbona te rock, conta in ing 
on an average 60 °/o carbonates , 25 °/o quar tz , 
15 °/o fuchs i te and 2 % pyr i te . Albi te and 
tou rma l ine occur as accessory minera ls . 
Gra ins of chromi te w e r e also f o u n d in th in 
sections f r o m the S o t k a j ä r v i occurrence. 

Owing to the para l le l mica-sur faces and 
schl ierens the rock is c lear ly fol ia ted. In l a rge 
scale, the mica -sur face a re discont inuous and 
c lear ly ben t in m a n y places. Coarse-gra ined 

Fig. 6. Different types of chromian marbles. For the explanation see text. 
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qua r t z - ca rbona t e veins f r e q u e n t l y cut the 
ch romian marb le , g iving rise to a ve ry 
he te rogeneous appearance . 

D i f f e r en t types of chromian marb les a re 
shown in Fig. 6. The most common types are 
1 and 3. Somet imes the f i rs t var ia t ion is even 
more homogeneous t han in the picture , espe-
cially w h e n the qua r t z - ca rbona te veins a re 
missing. Type 3 is ve ry heterogeneous, owing 
to the l ight color of the carbona tes and the 
h ighly ben t mica- and ca rbona te - r i ch layers . 
The d a r k color of types 2 and 4 der ives 
ma in ly f r o m the ca rbona tes and pa r t l y f r o m 
a smal l a m o u n t of chlori te . 

In genera l the rock is s t rongly de formed 
and recrysta l l ized; a l t e rna t ing carbonate , 
qua r t z and mica l ayers can be seen in some 
places, however . These layers a re bel ieved 
to be der ived f r o m the or iginal bedding, 
especial ly the ve ry f ine-gra ined , c lear ly 
s t ra t i f i ed qua r t z (chert) layers , in which the 
s t ra t i f i ed t e x t u r e is caused by n u m e r o u s 
micro-gra ined su lphide bands . 
Chlorite and sericite carbonate rock. In 
gene ra l the coun t ry rock su r round ing the 
ch romian m a r b l e is a ca rbona te rock in which 
fuchs i te has been replaced by chlori te or 
sericite. The ave rage content of the rock is 
50 °/o carbonates , 20 °/o quar tz , 20 °/o chlor i te 
or 15 % sericite and 2 °/o pyr i te ; somet imes 
g ra ins of a lbi te also occur. 

T h e g ra in size of the rock is f r o m 0.03 m m 
to 0.2 m m and color greenish or pale gray . 
Qua r t z - ca rbona te veins a re not as f r e q u e n t 
as in the ch romian marb le , so t ha t the rock 
has a re la t ive ly homogeneous appearance . 
T h e veins have a g ra in size of 0.05—1 m m . 
Chlorite schist. The chlor i te schist contains 
on an average 25 °/o chlor i te (sometimes u p 
to 60 %), 25 °/o carbonates , 25 °/o sericite (or 
talc), 15 %> albite, 2 % qua r t z (sometimes u p 
to 10 °/o) and about 5 °/o opaque minera ls , 
ma in ly pyr i te . In some places it also contains 
u p to 3 % bioti te. 

T h e rock is ve ry f ine -gra ined (0.01—0.1 

mm), c lear ly fol ia ted and its color is greenish 
black or da rk grey. The ca rbona te mine ra l s 
occur as re la t ive ly la rge id iomorphic g ra ins 
or in ca rbona te veins. 

The m a i n p a r t of wh i t e mica is composed 
of sericite, b u t f a r t h e r a w a y f r o m t h e 
chromian m a r b l e the amoun t of talc in-
creases and, at the same time, t h e amoun t of 
qua r t z decreases. 
Quartz-sericite schist. In some places t h e 
coun t ry rock su r round ing t h e chromian 
m a r b l e and serici te ca rbona te rock is a 
quar tz -ser ic i te schist, which conta ins on an 
average 50 °/o sericite, 40 % quar tz , 10 °/o 
carbonates , 2 °/o py r i t e and somet imes a f e w 
gra ins of albite. 

The schist is ve ry f ine -g ra ined (0.01—0.2 
mm) and clear ly fol ia ted. The qua r t z is pa r t ly 
micro-gra ined (0.01 mm) che r t -qua r t z and 
pa r t ly it is f ine -g ra ined (0.05—0.1 mm). These 
quar tz g ra ins a re s u r r o u n d e d by ser ici te and 
carbonate , and the rock appears clastic in 
t ex ture . Yet the t e x t u r e most p robab ly is not 
clastic because serici te and ca rbona te also 
occur as inclusions in quar tz , indicat ing tha t 
the qua r t z gra ins obta ined the i r f o r m in the i r 
p resen t env i ronment . 

Quartz-carbonate rock. The dri l l cores f r o m 
the u p p e r pa r t s of the S ine rmänpa lo deposit , 
nea r the wes te rn shore of Lake S i n e r m ä j ä r v i 
contain in terca la t ions of quar tz - r i ch rock. 
The average mine ra l composit ion is 80 °/o 
quar tz , 10 °/o carbonates , 2 °/o albite, 5 % 
pyr i t e and 3 % sericite. T h e ma in p a r t of 
the rock is m a d e u p of a ve ry f ine -g ra ined 
cher t -quar tz , in tersec ted by coarse-gra ined 
quar t z -ca rbona te -a lb i t e veins. 
Sulphide schist. In genera l the ch romian 
m a r b l e has an ex tens ive su lphide i m p r e g n a -
tion. In some places, the su lphide conten t 
rises as h igh as 30 %, in which case the rock 
is called a su lphide schist. 

A t S ine rmänpa lo t he r e a re severa l bed -
l ike su lphide schist lenses, which a re u p to 
20 m th ick and 60 m long. T h e m i n e r a l 
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composit ion var ies : in genera l it is 50 °/o 
quar tz , 25 °/o carbonates , 20 %> pyr i te , 5 °/o 
sericite and some albite. The typical su lphide 
schist is a ve ry f ine -gra ined quar tzose schist, 
w i th the qua r t z b a n d s (beds) and pa r t l y 
sulphidezed ca rbona te b a n d s a l te rna t ing . 

Mineralogy 

Carbonates. A character is t ic f e a t u r e of the 
invest igated chromian marb le s is a thick, 
r u s t y crust on the w e a t h e r e d su r face of the 
rock. Out of doors a f r e sh su r face acquires 
a c lear ly r u s t y shade wi th in a year , and a f t e r 
t h r ee to f ive years the m a r b l e has a deeply 

rus ted wea the r ing sur face . This t endency to 
rus t is ma in ly due to the ca rbona te mine ra l s 
p resen t in the ch romian marb le . T h e 
carbona tes occur in two d i f f e r e n t modes: in 
the f ine -g ra ined m a t r i x w i th qua r t z and mica, 
and in the coarse-gra ined qua r t z - ca rbona t e 
veins. 

In i t ia l invest igat ion of ca rbona tes by 
s ta in ing methods showed the main ca rbona te 
mine ra l to be dolomite, w i th some coarse-
gra ined i ron-r ich carbonate . The m a i n 
cations, Ca, Mg, Fe and Mn of t h i r t een 
dolomites and n ine i ron-r ich carbona tes f r o m 
S ine rmänpa lo w e r e analyzed by microprobe. 
The same samples w e r e also pulver ized and 
inves t igated by X - r a y d i f f r ac tomete r . Also, 

Table 1. Chemical composition of ferroan dolomites from Sinermänpalo, Kittilä. Electron microprobe 
analyses by Tuula Paasivirta, expressed in wt. °/o with calculated mol. °/o of carbonates. The C02 

values are calculated from cation amounts, n.d. = not determined. 

No. Drill hole depth FeO MnO MgO CaO COo FeCQ3 MnCQ3 MgC03 CaC03 

1 R455—43.60 4.1 1.0 17.8 29.8 45.76 5.5 1.3 42.2 51.0 
2 R455—12.60 4.5 0.7 17.3 31.0 46.22 6.0 0.9 40.6 52.5 
3 R455—12.60 4.2 0.6 17.6 30.6 45.98 5.5 0.8 41.5 52.2 
4 R456—58.70 5.2 0.6 18.6 31.8 48.83 6.5 0.7 41.8 51.0 
5 R456—58.70 5.2 0.7 18.6 31.4 48.36 6.5 0.9 41.7 50.9 
6 R457—48.50 4.2 1.1 18.3 31.1 47.45 5.3 1.4 41.9 51.4 
7 R457—48.50 4.5 1.2 18.1 31.2 47.56 5.8 1.6 41.3 51.4 
8 R457—48.50 5.6 1.2 16.7 30.4 46.07 7.4 1.6 39.3 51.7 
9 R462—25.95 4.1 0.2 18.5 31.3 47.20 5.3 0.3 42.5 51.9 

10 R462—25.95 4.2 0.3 18.4 31.0 46.99 5.4 0.4 42.5 51.7 
11 R462—45.65 6.6 0.3 17.1 31.7 47.59 8.5 0.4 39.0 52.2 
12 R462—45.65 5.9 n.d. 18.1 n.d. — — — — 

13 R463— 9.35 4.6 0.6 17.9 31.0 46.87 6.0 0.7 41.5 51.7 

Table 2. Chemical composition of breunnerites from Sinermänpalo, Kittilä. Electron microprobe anal-
yses by Tuula Paasivirta, expressed in wt. °/o with calculated mol. %> of carbonates. The CO2 values 

are calculated from cation amounts. 

No. Drill hole depth FeO MnO MgO CaO COo FeC03 MnC03 MgC03 CaC03 

1 R456—58.70 25.6 1.2 24.2 1.5 43.91 35.6 1.7 60.0 2.7 
2 R456—58.70 25.2 1.1 23.4 1.7 42.89 35.9 1.5 59.5 3.1 
3 R456—58.70 25.6 1.3 24.7 0.9 44.05 35.5 1.8 61.1 1.6 
4 R462—25.95 15.3 0.5 34.6 0.6 47.82 19.7 0.6 79.4 0.2 
5 R462—25.95 21.7 0.5 28.6 0.1 44.80 29.6 0.7 69.5 0.2 
6 R462—25.95 21.1 0.5 29.0 0.3 45.02 28.6 0.7 70.2 0.5 
7 R463— 9.35 19.0 0.6 32.5 0.1 47.47 24.4 0.7 74.6 0.2 
8 R463—- 9.35 19.7 0.6 32.0 0.1 47.35 25.4 0.7 73.6 0.2 
9 R463— 9.35 22.5 0.9 29.3 0.3 46.46 29.6 1.2 68.7 0.5 
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fou r dolomites and f o u r i ron-r ich ca rbona tes 
f r o m Si i tonen w e r e inves t iga ted by X - r a y 
d i f f r ac tome te r . 

The resul ts of the microprobe analyses 
w i th ca lcula ted mol. °/o of ca rbona tes a re 
p resen ted in Tables 1 and 2. According to 
this da ta the ra t ios of Mg and Fe components 
v a r y be tween 4.6 and 8.0 in the dolomites and 
b e t w e e n 1.7 and 4.0 in the i ron-r ich ca rbon-
ates. The X - r a y de te rmina t ions of the same 
samples gave Mg/Fe rat ios b e t w e e n 5.7 and 
9.0 fo r the dolomites, and be tween 1.2 and 
2.3 fo r the i ron-r ich carbonates . X - r a y de-
t e rmina t ions of the samples f r o m the Si i tonen 
occurrence gave Mg/Fe rat ios be tween 3.0 and 
9.0 fo r dolomites, and be tween 0.7 and 3.0 for 
i ron-r ich carbonates . 

If more t h a n 20 %> of the magnes ium in the 
dolomite lat t ice has been replaced by f e r rous 
i ron (Mg/Fe < 4), t he ca rbona te is anke r i t e 
(Deer et al. 1962, p. 278). According to this 
def ini t ion, the main ca rbona te mine ra l in the 
ch romian m a r b l e is a f e r r o a n dolomite, and 
somet imes it m a y conta in jus t enough f e r rous 
i ron to be called an anker i te . A magnes i te 
conta in ing 5—50 mol. °/o FeCOg is called 
b reunner i t e , wh i l e a s ider i te conta ining 30— 
50 % M g C 0 3 is called pis tomesi te (Deer et al. 
1962, p. 257 and 273). Accordingly, t h e i ron-
rich ca rbona te in the ch romian m a r b l e is in 
most cases b reunner i t e , and in a f e w cases 
pistomesite . 

In conclusion it can be said t h a t the ma in 
ca rbona te mine ra l in the chromian m a r b l e is 
a f e r r o a n dolomite, and somet imes anker i te . 
The ca rbona te mine ra l occurr ing fo r the most 
p a r t only in the coarse-gra ined q u a r t z -
ca rbona te veins w i th f e r r o a n dolomites is in 
its composi t ion a lmost half w a y b e t w e e n 
magnes i te and sideri te . Mostly i t is b r e u n -
ne r i t e and in a f e w cases pistomesite . Calcite 
was me t w i th on a f e w occasions, as t iny 
gra ins in the ch lor i te -bear ing ca rbona te 
rock. 

Table 3. Chemical composition (wt. °/o) and atomic 
ratios based on 22 anions of fuchsites from Kittilä. 
Electron microprobe analyses by Tuula Paasivirta. 

l. 2. 3. 

SiOo 46.1 45.0 44.8 
TiOo 0.3 0.1 0.2 
Al2<53 30.9 34.4 35.2 
Cr,03 2.7 1.2 1.1 
FeO *) 3.1 3.1 3.2 
MnO 0.0 0.0 0.0 
MgO 3.1 1.3 1.6 
CaO 0.0 0.0 0.0 
Na20 tr. tr. tr. 
K 2Ö 10.7 10.5 10.7 

96.9 95.6 96.8 

*) total iron 

Si 6.2 6.1 5.9 
AIM 1.8 1.9 2.1 
AIM 3.1 3.6 3.4 
Cr 0.3 0.1 0.1 
Fe2 + 0.4 0.3 0.4 
Mg 0.6 0.3 0.3 
K 1.8 1.8 1.8 
2Z 8.0 8.0 8.0 
ZY 4.4 4.3 4.2 
Sx 1.8 1.8 1.8 

1. Fuchsite, Sinermänpalo (R455—12.60) 
2. Fuchsite, Siitonen (R451—39.60) 
3. Fuchsite, Siitonen(R451—39.60) 

Fuchsite. Fuchs i te occurs as b r igh t g reen 
th in schl ierens or, w h e r e the schistosity of the 
rock is not ve ry conspicuous, as evenly d is t r i -
bu ted f lakes . In th in section it is found as 
par t ic les 0.02 m m in b r e a d t h and u p to 0.1 
m m long, which f o r m st r ipes u p to 0.5 m m 
wide among t h e o ther minera ls . I n a th in 
section the pleochroic colors a re unexpec ted ly 
l ight-colored: X = a lmost colorless and Y, Z = 
ve ry l ight greenish. The re fo re it is ve ry 
d i f f icu l t to dis t inguish a fuchs i t e f r o m 
muscovi te wi thou t a macroscopic e x a m i n a -
tion. 

The chemical ana lyses of fuchs i tes f r o m 
S ine rmänpa lo and Si i tonen a re p resen ted in 
Table 3. T h e analy t ica l va lues a r e in agree-
m e n t w i th those of o ther ch romian musco-
vites in the l i t e r a tu re (Whi tmore et al. 1946). 
Analyses of o ther mine ra l s in the marb le s 
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Table 4. Partial chemical analyses (ppm, Fe: wt. %>) of different rock-types from the Sinermänpalo 
and Naakenavaara areas. N = number of analyses. XRF analyses (Fe, Mn, Cr, Sr and Ba) by Väinö 

Hoffrén and emission spectrometer analyses (Ti and Ni) by Gustav Wansén. 

Fe 

Mn 

Ti 

Cr 

Sr 

Ba 

Ni 

N 

Chromian 
marble 

Chlorite 
and 
sericite 
carbonate 
rock 

Chlorite 
schist 

Kerato-
phyre 

Green-
stone Quartzite 

Mean 8.2 8.9 8.3 6.1 8.8 3.7 
Range 4.4—12.4 4.7—15.3 4.7—10.7 0.9—13.0 4.7—13.9 1.4—8.0 

i 
Mean 2710 2420 2210 1220 1290 130 
Range 1400—4600 800—4400 1800—4400 100—4100 400—2800 0—300 

Mean 2920 1970 2450 6220 5490 3700 
Range 1590—5360 830—3630 1270—6050 1310—9570 950—10770 2300—4990 

Mean 2640 2970 2410 230 190 280 
Range 1200—6100 1200—4100 700—4000 100—500 100—400 200—300 

Mean 110 100 140 20 10 
Range 0—240 0—630 0—460 0—60 0—50 — 

Mean 210 80 220 60 80 300 
Range 0—1000 0—600 0—900 0—500 0—300 200—400 

Mean 530 840 870 40 50 40 
Range 10—1110 20—1400 110—1340 0—120 0—90 10—70 

31 18 7 9 7 4 

show C r 2 0 3 contents of u p to 0.6 in biot i te 
and 0.4—1.0 % in chlori te . 

Geochemistry of the chromian marble and 
the adjoining rocks 

The pa r t i a l analyses of t h e chromian 
marb le s and the ad jo in ing coun t ry rocks are 
summar ized in Table 4, w h e r e the a r i thmet ic 
means and ranges of concent ra t ions f o r each 
e lement a re given. The analyzed samples a re 
f r o m the chromian m a r b l e occurrences of 
S ine rmänpa lo (39 samples) and N a a k e n a v a a r a 
(37 samples), which w e r e inves t igated in 
de ta i l by d iamond dri l l ings. The samples 
w e r e t aken a t 5—10 m e t e r in te rva ls t h rough 
the two occurrences. In the samples analyzed 
the ch lor i t e -carbona te rock includes also the 
ser ici te-rock and occasional t a lc -bear ing rock 
veriet ies. 

The rock types p resen ted in Table 4, can 

be divided into t h r ee groups : 1. ch romian 
m a r b l e and o ther ca rbona te -bea r ing rocks, 
including also the chlor i te schist, 2. ke ra to -
p h y r e and greens tone and 3. qua r t z i t e of the 
Kumpu-se r ies . 

The rocks of the f i r s t g roup are all s imi lar 
in the i r analyzed chemical components , b u t 
d i f f e r f r o m the others, especially in the i r 
Ti, Mn and Cr contents ; the Sr, B a and Ni 
contents a re also a d is t inguishing fea tu re . 
The second g roup has d i f f e r e n t Fe, Mn and 
Ti contents t h a n t h e th i rd group. 

In genera l the i ron conten t of t h e Ki t t i lä 
ca rbona te rocks is not iceably h igher than 
tha t of o rd ina ry s ed imen ta ry ca rbona te rocks 
which are composed ma in ly of calcite and 
dolomite (Wolf et al. 1967). The conten ts of 
S r and Ba are usua l f o r s e d i m e n t a r y 
ca rbona te rocks. The contents of Mn and Ti 
a re dis t inct ly h igher t han t h e ave rage values, 
b u t wi th in the r anges f o u n d fo r s e d i m e n t a r y 
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ca rbona te rocks. The content of Cr which is 
somewha t h igher t han the m a x i m u m va lue 
(2000 ppm) given by Wolf et al. (1967), is 
p r e s u m a b l y a regional pecul iar i ty . The h igh 
ch romium content was also noted by Ohlson 
(1969), who f o u n d nickel and ch romium to 
occur is conspicuous amoun t s in almost all 
rock samples he examined in the n e a r b y Lou-
kinen a rea in Ki t t i lä . 

In ten r a n d o m samples of su lph ide-bear ing 
schists f r o m the S ine rmänpa lo m a r b l e oc-
currence, the Au content is as much as 0.5 
p p m and the Ag content 3 p p m (Nenonen 
1975). The Ni and Co contents of the s ame 
samples a re as much as 0.33 % Ni and 0,11 °/o 
Co, respect ively. The Ni and Co a re con-
cen t ra ted in a mine ra l belonging to the l in-
nae i t e -g roup and the Co also in pyr i te . For 
the sake of comparison it m a y be noted t h a t 
the gold content of the qua r t z - ca rbona te 
rocks associated w i th the gold ore in the K e r r 
Addison Mine is 0.021 p p m (Tihor and 
Crocket 1977), and t h a t of the gold deposits 
of W i t w a t e r s r a n d about 10 p p m (Pre tor ius 
1976), mak ing the Ki t t i lä m a r b l e s possible 
t a rge t s for gold prospect ing. 

Discussion 

Fuchsi te has been encounte red in var ious 
mine ra l and rock associations and env i ron-
ments . The classification of Whi tmore et al. 
(1946) has been modif ied for use in the 
p resen t paper . Accordingly, the fuchs i te oc-
cur rences a re considered as fou r associations, 
of which t h e f i r s t is by f a r the most common: 
1. w i th carbona tes (ankerite), quar tz , sul -
phides and gold, 2. wi th biot i te or act inoli te 
in amphibol i te (Tufar 1968), 3. wi th c o r u n d u m 
and kyan i t e in ho rnb lend i t e (Par t r idge 1937), 
and 4. quar tzose rocks (Clifford 1956, H a c k -
m a n 1927). Other associations include fuchs i te 
in chromi te ore, pegmati tes , greenschis ts and 
silicified dolomites. 

The fuchs i te association w i th carbonates , 

quar tz , su lphides and gold includes the 
vo lcano-sed imenta ry rock env i ronment , 
compris ing for ins tance the h igh ly meta l l i f -
erous Abi t ib i g reens tone be l t in Canada 
(Ki rk l and-Larde r Lakes a rea : Ridler 1970, 
1972; Tihor and Crocket 1975); the O u t o k u m -
pu- type copper ore deposits in F in land (Es-
kola 1933 and H u h m a 1976); the Ki t t i lä a rea 
in the presen t s tudy; and possibly also t h e 
Mother Lode deposits in Cal i fornia (Knopf 
1929). 

The fol lowing modes h a v e been proposed 
for the origin of the fuchs i t e -bea r ing ca rbon-
a te rocks: 1. magmat ic , 2. metasomat ic and 3. 
sed imenta ry . 

1. The re la t ive ly h igh ca rbona te content of 
g reens tones has been discussed by m a n y 
authors . In some cases the ca rbona te rocks 
occur so a b u n d a n t l y as to give r ise to inde-
penden t rock units . The examina t ion of the 
rocks f r o m Gla rus in Swi tzer land , sum-
mar ized by Amstu tz and P a t w a r d h a n (1974), 
shows tha t the ca rbona te - r ich rocks w e r e 
fo rmed in and w i t h the f ina l h y d r o m a g m a t i c 
or h y p o t h e r m a l crysta l l izat ion f rac t iona t ing 
of spilitic rocks. In m a n y paper s Amstu tz 
even r e fe r s to these as »carbonat i tes». 

According to Whi tmore et al. (1946) most 
of the const i tuents , and pa r t i cu la r ly t h e 
ch romium of the fuchs i te occurrences, h a v e 
had the i r origin in solutions der ived f r o m the 
same siliceous magmat i c source. In m a n y 
cases the ca rbona te zones a p p e a r spat ia l ly 
re la ted to in t rus ive qua r t z porphyr ies . 

In describing the ca rbona te rocks ad jo in ing 
the Ki t t i lä greenstones, Mikkola (1941, p. 215) 
notes t h a t »the ca rbona tes ad jo in ing the 
greens tones a re not or iginal sediments , b u t 
r a t h e r volcanic products , be ing especially 
wel l comparab le w i th the a lbi te rocks in the i r 
mode of occurrence». Abou t the albi te rocks 
Mikkola (p. 253) says, » tha t en t i re fo rma t ion 
of these rocks is du ly to be expla ined by the 
e x t r e m e concent ra t ion of h ighly aqueous la te 
magmat i c solut ions charged wi th carbon 
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dioxide, of wh ich t h e crysta l l izat ion occurred 
at at ve ry low tempera tu res» . 

P a a k k o l a (1971) proposes t h a t the car -
bonates of the a lb i t e -ca rbona te rocks of 
cen t ra l Lap land are juven i le and t h e 
ca rbona tes could not be produc ts of assimi-
lat ion of ca rbona te - r i ch sediments by a 
greens tone magma. P i i spanen (1972) is of the 
opinion tha t the ca rbona te - r i ch rocks of the 
spili te association in wes te rn Kuusamo, 
no r thea s t e rn Fin land, a re p roduc ts of 
magmat ic d i f fe ren t ia t ion , b u t the m a g m a is 
r ich in ca rbona tes because it has assimilated 
ca rbona te - r i ch sediments t h rough which it 
pene t r a t ed on its w a y to the geosyncline. 

The above descr ipt ions suggest t ha t a t least 
p a r t of the Ki t t i lä ca rbona te rocks could be 
of magma t i c origin. However , as wil l b e 
discussed later , this is not the case for the 
ma in p a r t of the ma te r i a l in the chromian 
m a r b l e and the ad jo in ing ca rbona te rocks. 

2. Ohlson (1969) descr ibes u l t r amaf i c ta lc-
magnes i te schist bodies in the bedrock of 
Louk inen—Ni l ivaa ra area, which over laps 
the p resen t s tudy area in the nor th . On t h e 
basis of the i r mode of occurrence and geo-
chemist ry , he is also of the opinion tha t the 
fuchs i t e -bea r ing ca rbona te rocks bea r a closer 
re la t ionship to the ta lc -carbona te schists t han 
to the greenstones . T h e presen t authors , on 
the o ther hand , have f o u n d tha t in the Nili-
v a a r a — S i n e r m ä j ä r v i a rea the rock a t the 
contact zone be tween the chromian m a r b l e 
and the ca rbona te and ta lc -bear ing chlor i te 
schists, a lways contains p len ty of qua r t z and, 
f u r t h e r , t he qua r t z content of the chromian 
m a r b l e is ve ry high. This makes i t d i f f icul t 
to bel ieve tha t the ch romian m a r b l e would 
be a metasomat ic p roduc t a f t e r an u l t r a -
maf ic rock. Moreover , the ta lc -magnes i te 
rocks ad jo in ing severa l se rpent in i tes wi th in 
30 k i lometers of the inves t iga ted area are 
ve ry d i f f e r en t f r o m the ta lc -carbonate-ch lo-
r i te schists located nea r the ch romian m a r b l e 
occurrences. 

Tihor and Crocke t (1977) h a v e proposed 
tha t most of the green qua r t z - ca rbona te rocks 
f r o m the L a r d e r Lake a rea or ig inate f r o m 
a l te red u l t ramaf ics . 

3. The ch romian m a r b l e occurrences of the 
s tudy area a re located in the same s t ra t i -
g raphic horizon, in the uppe rmos t p a r t of the 
Ki t t i lä vo lcano-sed imenta ry rock association, 
and no t f a r f r o m the lowest p a r t of the 
quar tz i tes of Kumpu-se r i e s . 

In considerat ion of the s t ra t ig raphic posi-
tion of the chromian marb le , its contact re -
la t ions w i th the coun t ry rocks, the m i n e r -
alogical and chemical composition, and the 
p rese rved sed imen ta ry fea tures , the au thors 
propose tha t the ch romian m a r b l e occurrences 
in Ki t t i lä a re of s ed imen ta ry origin. 

The sed imenta t ion occurred u n d e r the 
carbonate - fac ies condit ions in a res t r ic ted 
basin. The chemical composit ion of t h e 
ca rbona tes toge ther w i th the a b u n d a n t 
su lphide impregna t ion suggest t h a t the Eh 
condit ions w e r e reducing. In some place the 
condit ions reached those of the su lph ide-
facies and caused the sed imenta t ion of 
sulphides. A l t e rna t ing wi th the ca rbona te 
sedimenta t ion, la rge amoun t s of cher t w e r e 
deposited. 

In fact , the sed imenta t ion condit ions re -
sponsible fo r the fo rma t ion of the ch romian 
m a r b l e w e r e not m a r k e d l y d i f f e ren t f r o m 
those for P r e c a m b r i a n cher t - s ider i te i ron ores 
such as found in P o r k o n e n — P a h t a v a a r a , 
some 15 k m to the east of the presen t area. 
The amoun t of i ron avai lab le at the t ime 
of fo rma t ion of the ca rbona te sediments (8— 
9 wt . °/o) w a s not h igh enough for the deposi-
t ion of a t r u e i ron fo rmat ion , however . 

The ma te r i a l for the che r t - ca rbona te 
sed iments p r e sumab ly der ived in p a r t f r o m 
the chemical wea the r ing of pre-exis t ing rocks 
and in p a r t f r o m direct volcanic act ivi ty in 
the geosyncl ine and the su r round ing area . 
T h e a m o u n t of sed imen ta ry m a t e r i a l der ived 
f r o m the last source was qui te small , how-
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ever, because at least Mg is no tab ly r a r e in 
volcanic emanat ions , as shown by Whi te and 
War ing (1963). The anomalous ly h igh Cr 
conten t in the ca rbona te sed iments indica tes 
t h a t u l t rabas ic rocks, typica l ly h igh in 
chromium, w e r e p resen t in the w e a t h e r i n g 
area. 

On the basis of the chemical analyses, t h e 
ch romian m a r b l e and the ad jo in ing rocks 
could be divided into th ree groups . T h e 
chemical d i f fe rences suggest t h e d i f f e r e n t 
origin of the th ree groups, wh i l e the chemical 
s imi la r i ty of the ch romian m a r b l e and its 
a d j a c e n t coun t ry rocks points to a closely 
re la ted origin. T h e contents of analyzed ele-
men t s a re a lmost t h e same in the rock series 
f r o m the fuchs i t e -bea r ing m a r b l e to t h e 
chlor i te schist, even though the i r mine ra l 
composit ions a re d i f fe ren t . This is possible if 
t he rocks w e r e closely connected in or igin 
and each e lement was avai lable in equa l 
amounts . T h e ma te r i a l w a s p robab ly fed in to 
the geosyncl ine as b icarbonates and h y d r o -
lysates. Clay mine ra l s h a v e p layed a 
cons iderable p a r t only in t h e deposit ion of 
the chlor i te schist. T h e sed iments did no t 
acqui re the i r f ina l chemical composit ion un t i l 
dur ing the diagenesis, however . 

In th is connect ion i t m a y be no ted t h a t t h e 
m a r b l e occurrences in Ki t t i lä a re v e r y 
s imilar in minera logy, t e x t u r e and s t ra t i -
g raphic posit ion to the go ld-bear ing 
ca rbona te occurrences of the K i r k l a n d — 
L a r d e r Lakes a rea in Ontar io (Ridler 1970, 
1972; T ihor and Crocket 1975). T h e P r e -
cambr i an (Upper Archean) ca rbona te rocks 
occur the re in a def in i t e s t ra t ig raph ic horizon 
in a vo lcano-sed imenta ry sequence and 

ca rbona te rocks a re ma in ly composed of 
dolomite, magnes i te and quar tz , w i t h lesser 
amoun t s of fuchsi te , chlor i te and pyr i te . 
According to Ridler (1972 and 1976) these 
rocks a re ca rbona te - fac ies exhal i tes (chemical 
sediments of volcanic origin). 

Summary 

The presen t au tho r s propose t h a t the 
chromian m a r b l e and its a d j a c e n t coun t ry 
rocks in Ki t t i lä or ig ina ted as che r t -
ca rbona te sediments . T h e minera l s acqui red 
the i r chemical composit ion du r ing the di-
agenesis and consolidat ion of the rocks. I n 
this s tage all »free» Fe and Cr hydro lysa tes 
w e r e f ixed into avai lab le minera l s : Cr, fo r 
instance, in to sericite to f o r m fuchs i t e . 

Dur ing the regional me tamorph i sm, fo ld ing 
and deformat ion , the ch romian m a r b l e w a s 
for the most p a r t recrystal l ized, p a r t l y r e -
mobil ized and pressed into t h e tops of the 
folds. T h e rock was also fo l ia ted and n u -
merous qua r t z - ca rbona t e veins w e r e fo rmed . 
This n e w ca rbona té genera t ion w a s coarse-
gra ined and composed pa r t l y of f e r r o a n dol-
omite and pa r t l y of b reunne r i t e . 

In the f ina l s tage t h e s t ra igh t - l ined q u a r t z -
ca rbona te veins fo rmed , in tersec t ing all o ther 
t e x t u r a l f e a tu r e s of the ch romian marb le . 
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