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Inclusions and crystal fo rms of calcite crystals f r om a cave in the 
Korsnäs lead- lanthanide mine in western Finland have been studied. 
The p r imary fluid inclusions in the scalenohedral yellowish calcite 
show homogenization t empera tu res of 79° to 103°C and salinities 
of 3.6 to 4.9 eq. wt. °/o NaCl. The prevail ing crystal fo rm is scaleno-
hedron. In some specimens it reveals a rhombohedra l phantom. 
Four mineralization stages are proposed on the basis of correlat ion 
between inclusion zones in mult iple-zoned calcite crystals. 

Pentti Rehtijärvi and Kari A. Kinnunen, Geological Survey of Fin-
land, SF-02150 Espoo 15, Finland. 

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

During mining operations in the Korsnäs 
lead-lanthanide mine (closed 1972), situated 
about 30 km south of the town of Vaasa in 
western Finland, a cave was found 190 m 
below the ear th 's surface (Tuominen 1961). 
The cave (0.5 m X 1.5 m X 30 m) is par t of 
a vertical f r ac tu re zone. Its walls were 
part ly covered by euhedral crystals of calcite, 
harmotome, apophyllite, pyr i te and apati te; 
the main mineral was calcite. A small amount 
of euhedral quar tz and ancylite was also 
found. Apophylli te and harmotome have 
been described by Sahama (1965) and Sahama 
and Leht inen (1967). An age of 88 Ma was 
determined for yellow apophylli te by the 

K/Ar-method (Dr. Eric Welin, wr i t ten com-
munication in 1975). The isotopic composit-
ion of the galena indicates an age of 1770 
Ma for the sulphide ore (Isokangas 1975). 

The cave mineralization was studied by 
collecting information f rom the f luid and 
mineral inclusions of d i f fe rent zones in indi-
vidual calcite crystals. On the basis of the 
mode of occurrence of the inclusions an in-
clusion »stratigraphy» was established that 
is comparable to the sphaleri te »stratigraphy» 
described by Roedder (1977) as a result of a 
s tudy of sphaleri te zoning and paragenesis 
at Creede, Colorado. The calcite »strati-
graphy» established gives an overall view of 
the cave mineralization in the Korsnäs mine. 
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P R O P O S E D I N D I C E S FOR 

THE CRYSTAL F A C E S OF 

C A L C I T E : 

a (121) 9 ( 3 0 2 ) 

b (511) h ( 1 0 0 ) 

c (101) i ( 0 1 0 ) 

d (883) j (041 ) 

e (001) k (561 ) 

f (102 ) 1 (011 ) 

E X P L A N A T I O N FOR T H E 

I N C L U S I O N Z O N E S I N C A L C I T E : 

O P R I M A R Y F L U I D I N C U S I O N S 

I I I P S E U D O S E C O N D A R Y F L U I D I N C U S I O N S 

I P Y R I T E 

A A P O P H Y L L I T E 

* R E D E P O S I T E D CLAY 

f ^ V j M O N T M O R I L L O N I T E - C H L O R I T E 
^ ^ CLAY LAYER 

F i g . 1. T h e p r o p o s e d m i n e r a l i z a t i o n s t a g e s , p r e v a i l i n g c r y s t a l f o r m s o f c a l c i t e , i n c l u s i o n z o n e s i n c a l -
c i t e a n d t h e s u g g e s t e d c r y s t a l l i z a t i o n o r d e r o f t h e m a i n c a v e m i n e r a l s . 

M a t e r i a l s a n d m e t h o d s 

Thi r ty euhedra l calcite crystals , va ry ing 
in length f r o m 2 to 7 cm, w e r e examined . 
Calcite shows para l le l g rowth , and most of 
the specimens exhibi t sca lenohedra l m o r p h o -

logy. Some of these yel lowish t rans lucen t 
sca lenohedrons contain a wh i t e pyr i te -cov-
ered rhombohedra l phan tom m a r k i n g the 
ear l ier g r o w t h stage of the crystal . Ind i -
v idua l r hombohed ra l calcite crysta ls were 
also found . A f e w of the calcite crysta ls a re 
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yellow and e i ther t r a n s p a r e n t or t rans lucent . 
The t r a n s p a r e n t crys ta ls a re character ized 
by a basal plane. In some crysta ls the p y r a -
midal faces a re curved. The th ree p reva i l -
ing crysta l f o rms a re depicted in Fig. 1. 

The homogenizat ion t e m p e r a t u r e s of the 
f lu id inclusions w e r e de te rmined wi th a 
Leitz 350 hea t ing s tage and a Cha ixmeca mi-
c r o t h e r m o m e t r y appara tus . The Cha ixmeca 
s tage was also used for the f reez ing point 
de te rmina t ions . The t e m p e r a t u r e readings 
w e r e ca l ibra ted wi th organic mel t ing point 
s tandards . The accuracy of the t e m p e r a t u r e 
m e a s u r e m e n t s was ± 2°C, at 50° to 150°C, 
and ± 0.1°C at —5° to 0°C. 

Mineralization stages 

The cave minera l iza t ion was divided into 
fou r stages on the basis of the mine ra l p a r a -
genesis and the preva i l ing crysta l f o rms of 
calcite (see Fig. 1). Mineral iza t ion stage A 
is character ized by the crystal l izat ion of 
montmor i l lon i te -ch lor i te clay, s tage B by the 
crystal l izat ion of rhombohedra l calcite and 
pyri te , s tage C by the crystal l izat ion of scale-
nohedra l calcite, h a r m o t o m e and apophyl l i te 
and s tage D by the crystal l izat ion of ye l low-
ish scalenohedral calcite. The crystal l izat ion 
order of the cave minera l s was i n f e r r ed f r o m 
the minera l inclusion zones in calcite crys-
tals, the minera l crystal l izing in the cave 
of ten hav ing been t r apped inside g rowing 
calcite. 

Inclusion zones 

The crysta l habi t of pyr i t e is dist inct and 
hence character is t ic in the d i f f e r en t inclusion 
zones of the proposed minera l iza t ion stages 
(Fig. 1). This observat ion was uti l ized in 
corre la t ing the f luid inclusion zones found in 

indiv idual calcite crystals. In minera l iza t ion 
stage A the pyr i t e inclusions s imula te a cube; 
in s tage B they are e longated cubes. The 
calcite genera t ion of minera l iza t ion stage C 
contains pyr i t e inclusions showing para l le l 
g rowth . The oldest pyr i t e genera t ion in this 
minera l iza t ion stage is a cube whose g rowth 
s ta r ted wi th the fo rma t ion of the (112) crysta l 
face. In the fo l lowing zones of s tage C, 
pyr i t e exhibi ts para l le l g rowth along the 
t r iad axis. The hab i t of pyr i t e in the f i f t h 
and sixth inclusion zones is s imilar to t ha t 
of the f irs t . The younges t pyr i te of s tage C 
shows para l le l g rowth along the t r i ad axis. 
The pyr i t e in the younges t calcite f r o m stage 
D is combinat ion of a cube and a pen tagona l 
dodecahedron. 

Apophyl l i te and clay a re found in th ree 
d i f f e ren t inclusion zones (Fig. 1). P r i m a r y 
f lu id inclusions w e r e usual ly fo rmed in these 
zones when pyr i te , apophyl l i te or clayey ma-
ter ia l d is turbed the g r o w t h of the crysta l 
faces of calcite. Calcite crysta ls of s imilar 
habi t have s imilar ou termost inclusion zones, 
which conf i rms the i r con temporaneous c ry-
stall ization. 

Pseudosecondary f lu id inclusions charac-
ter ize two of the inclusion layers s i tuated be-
tween the minera l iza t ion stages. At the end 
of s tage B whi t e calcite wi th a rough sur face 
had crystal l ized over the rhombohedron in 
a layer about 0.5 m m thick tha t was found 
to contain apprec iable pseudosecondary f luid 
inclusions. Before the younges t calcite gen-
era t ion crystall ized, a f r a c t u r e layer about 
0.2 m m thick developed on some of the faces 
of the calcite crystals. Pseudosecondary f lu id 
inclusions are a b u n d a n t in these f r a c t u r e s 
as well . 

Fluid inclusions 

The p r i m a r y f lu id inclusions in calcite were 
found to be concent ra ted in specific inclusion 
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inclusions w a s —1.9° to -—2.7°C, cor respond-
ing to a sal ini ty of 3.6 to 4.9 wt.%> NaCl 
equivalent . Dur ing cooling m a n y of the in -
clusions decrep i ta ted w h e n ice was c rys-
tall ized at about — 50°C. 

The homogenizat ion t e m p e r a t u r e of about 
600 secondary f lu id inclusions in the calcite 
of minera l iza t ion stages B and C ranges 
f r o m 50°C to about 80°C. In addit ion, micro-
cracks have been found to r ad ia t e f r o m some 
of the p r i m a r y f lu id inclusion cavit ies of 
minera l iz ing s tage D. These cavit ies conta in 
secondary f lu id f i l l ing wi th a f reez ing t e m -
p e r a t u r e of about 0.0°C. 

Fig. 2. Photomicrograph of typical pr imary fluid 
inclusions with liquid (L) and vapour (V) in 
yellowish scalenohedral calcite; homogenization 
temperatures 92°C, 93°C and 88°C; freezing tem-
peratures —2.4°C, —2.4°C and —2.3°C correspond-
ing to salinities of 4.5, 4.5 and 4.3 eq. wt. °/o NaCl. 
Transmitted light, one nicol, bar length 10 /<m. 

zones (Fig. 1). At room t e m p e r a t u r e these 
inclusions usual ly consisted of l iquid and a 
small bubb le of vapour ; in s tage D, how-
ever, the p r i m a r y f lu id inclusions of ten con-
ta ined only l iquid. At room t e m p e r a t u r e the 
inclusions are me tas t ab le (cf. Roedder 1971). 

The shape of the p r i m a r y f lu id inclusions 
tend to resemble the crysta l f o r m of the host 
calcite (negat ive crystals , Fig. 2). Some of 
these p r i m a r y inclusion cavit ies a re as much 
as 1 cm long in s tage D. The inclusions 
w i th a l eng th of over 150 / im w e r e almost 
a lways leaked as a resul t of f r ac tu r ing . 

The homogenizat ion and f reez ing t e m p e r -
a tu res w e r e measu red f r o m the p r i m a r y 
f lu id inclusions embedded in the scaleno-
hedra l calcite of minera l iza t ion stage D (see 
Fig. 1 for location). The homogenizat ion 
t e m p e r a t u r e of about 100 inclusions was 79° 
to 103°C, w i th the m a x i m u m f r equency a t 
90° to 95°C. All these inclusions homogeniz-
ed to l iquid. T h e f reez ing t e m p e r a t u r e of 17 

Conc lus ions 

The s tudy of f lu id and mine ra l inclusions 
of 30 euhedra l calcite crysta ls f r o m a cave 
in the Korsnäs mine shows tha t the inclusion 
zones in ind iv idual mul t ip le -zoned calcite 
crysta ls can be corre la ted . The crys ta l l iza t -
ion order of the main cave minera l s could 
also be in fe r red f r o m the inclusion zones in 
calcite. The preva i l ing calcite c rys ta l f o r m 
is yel lowish sca lenohedron which in some 
specimens reveals a wh i t e rhombohedra l p y -
r i te-covered phan tom. The mode of g rowth 
of calcite and pyr i t e has var ied in d i f f e r en t 
minera l iza t ion stages, and inclusions a re 
usual ly located in the zones w h e r e the calcite 
habi t has changed. Homogeniza t ion t e m p e r -
a tu res of p r i m a r y f lu id inclusions var ied 
f r o m 79° to 103°C. 

The homogenizat ion t e m p e r a t u r e s obta ined 
al low the fol lowing es t imates to be m a d e 
for the fo rma t ion t e m p e r a t u r e u n d e r d i f f e r en t 
p ressure condit ions in a 5-percent NaCl sol-
ut ion (Pot ter 1977, Fig. 2): 200 ba r 110°— 
130°C, 400 ba r 130°—150°C, 1000 bar 170°— 
190°C, and 2000 ba r 235°—255°C. The au t -
hors consider the p re s su re es t imate f r o m 
200 ba r to 400 bar to be the most p robab le 
because of the low solubil i ty of calcite at 
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t e m p e r a t u r e s a b o v e 150 c C (cf. H o l l a n d 1967). 
O u r e s t i m a t e f o r t h e f o r m a t i o n t e m p e r a t u r e 
is, t h e r e f o r e , b e t w e e n 110° a n d 150°C. T h u s , 
w e s u g g e s t e n d o g e n i c h e a t d e r i v a t i o n b e c a u s e 
t h e g e o t h e r m a l g r a d i e n t a lone c a n n o t e x p l a i n 
t h e r i se in t e m p e r a t u r e if t h e f l u i d p r e s s u r e 
w a s n e a r h y d r o s t a t i c . A c c o r d i n g to t h e K / A r 
a g e d e t e r m i n a t i o n (88 Ma), t h e h e a t d e r i v a -

t ion m i g h t b e a t t r i b u t e d to C r e t a c e o u s t e c -
ton ic m o v e m e n t s . 
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