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Introduction 

Amphiboles of the t remol i te-ac t inol i te se-
ries a re impor t an t const i tuents of the Finnish 
P r e c a m b r i a n me tamorph ic ca rbona te rocks 
and skarns . They are especially com-
mon in Eas te rn and N o r t h e r n F in land . F rom 
a f ew localit ies in Eas te rn F in land detai led 
descr ipt ions of t remol i tes f r o m ska rns and 
re la ted rocks have been publ ished (e.g. Fros-
t e rus and Wi lkman 1916; Haapa la 1936; Vä-
häta lo 1953). In addit ion, analyses and physi -
cal da ta a re avai lable also for t remol i te -ac-
t inoli tes f r o m a soapstone (Wiik 1953), cal-
careous black schist (Peltola 1960) an amphi -
bole-epidote-a lbi te- rock (Meri läinen 1961), a 
t remol i te-phlogopi te rock (Nuut i la inen 1968) 
and a syeni te (Puus t inen 1972). 

Quartz , t remoli te , diopside and wol las toni te 
a re r ega rded as character is t ic accessory min-
era ls in the classification of the l imestones of 
F in land (Eskola 1919). These accessory min-

erals have been used as indicators of the 
me tamorph ic habi t of the l imestones and a 
regional d is t r ibut ion of the l imestones on the 
basis of this classification has been presen ted 
by Auro la (1960). Tremol i te- l imestones are 
typical ly found in Eas te rn and N o r t h e r n 
Finland. Three of the t remol i tes described 
in this paper (Fig. 1. specimens No. 2, 3, 4) are 
f r o m the t remol i te - l imes tone »region», one 
(specimen No. 1) is f r o m the diopside-l ime-
s tone »region». 

Of the authors , Hytönen is responsible fo r 
the physical da ta and the wr i t ing , O janpe rä 
for the chemical analyses. 

Materials 

The locations of the four t remol i te speci-
mens are shown in the map, F igure 1. In the 
fol lowing, shor t descript ions are given of the 
rocks and the localities: 
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Fig. 1. Map of Finland showing the locations of 
the tremolites studied: 1. Virtasalmi; 2. Juuka ; 

3. Salla; 4. Värtsilä. 

Specimen 1. Calc i te- t remol i te-diopside 
rock, w i th whi te , r ad ia t ing f ibers of t remoli te , 
measur ing up to 2 cm in length . F rom the 
l imestone q u a r r y of Anke le (owned by the 
f i rm Pa ra i s t en Ka lkk ivuor i Osakeyht iö — 
Pa rgas Ka lkbe rgs Aktiebolag) in Vir tasa lmi 
commune . The locali ty is shown on a geolog-
ical m a p publ i shed by H y v ä r i n e n (1969). 

Specimen 2. Dolomi te- t remol i te rock wi th 
a l i t t le calcite. Tremol i t e occurs as greenish, 
rad ia t ing f ibres , somet imes s l ight ly bended, 
and measures u p to 1—2 cm in length. F r o m 

Kajoo, J u u k a commune. Outcrop along the 
T u u s n i e m i — J u u k a road. Map sheet 4311 
(Huhma 1971). 

Spec imen 3. Dolomite- t remol i te rock wi th 
a l i t t le b rown mica. Tremol i te occurs as l ight 
greenish or greyish t abu la r , p r i smat ic crys-
tals, measu r ing 1—2 cm in length, and con-
ta ins a b u n d a n t dolomite inclusions, somet imes 
as para l le l lines. Outcrop c. 3 km n o r t h -
west of P a h k a k u m p u , Salla commune . Map 
sheet 3643 (Lauerma 1967). 

Specimen 4. Calc i te- t remol i te rock wi th 
some pale b r o w n mica. Tremol i te occurs as 
greyish green, t abu l a r prisms, measures u p 
to 5—10 m m in leng th and conta ins calcite 
inclusions. F r o m a vein- l ike inclusion in 
arkosi te , nea r Onki lampi , Vär ts i lä commune . 
Map sheet 4232 + 4234 (Nykänen 1967, 1968). 

Chemistry 

Due to inclusions the t remol i tes w e r e 
g round to a powde r of < 0.15 m m and pur i f i ed 
wi th heavy l iquids in a cen t r i fuge and, w h e n 
necessary, wi th a F r a n t z - t y p e isodynamic 
separa tor . The pur i t ies of the samples to be 
analyzed w e r e checked by microscopic ex-
aminat ion : fore ign gra ins and inclusions tota l 
up to c. 0.1 percent in the samples 2 and 4, 
up to c. 0.3 percent in sample 1 and up to ca. 
0.5 pe rcen t (mainly dolomite inclusions) in 
sample 3. 

The resul ts of the chemical analyses, the 
n u m b e r s of the ma in ions on the basis of 24 
(O, OH, F, CI) and the rat ios 100 Mg: (Mg + 
F e 2 + + F e 3 + + Mn) a re p resen ted in Table 1. 
Of the oxides and e lements listed, S i0 2 , 
A1,08 , Fe 2 0 3 , FeO, MnO, MgO, CaO, Na 2 0 , 
K 2 0 , P 2 0 5 , C0 2 , H , 0 , F and CI w e r e de te r -
mined by the we t chemical method, Ti, Cr, 
V, Ni and Co by optical spec t romet ry and 
ZrO», S rO and BaO by X-Ray f luorescence. 

In the convent ional te rminology all f ou r 
a re t remoli tes . No. 1 has a composit ion qu i te 
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Table 1. Chemica l analyses , n u m b e r s of t he m a i n ions of t he bas is of 24 (O, OH, F, CI), and some 
phys ica l d a t a fo r f o u r t remol i tes of F in land . 

1 
V i r t a -
salmi 

2 
J u u k a 

3 
Sal la 

4 
Vär t s i lä 

SiO-j 58.94 
T i 0 2 

* * * 

ZrO-j ** 0.00 
AI2O3 0.14 
Feo03 0.04 
F e b 0.29 
M n O 0.00 
MgO 24.86 
CaO 13.50 
B a O ** 0.00 
S r O ** 0.00 
NaaO 0.04 
KgO 0.02 
P2O5 0.02 
CO 2 0.00 
H 2 0 + 2.12 
H j O — 0.04 
F 0.06 
Cl 0.01 
C r * < 0.001 
V * < 0.001 
Ni * < 0.001 
Co * < 0.001 

58.32 
0.02 * 
0.00 
0.53 
0.40 
1.33 
0.15 

23.96 
13.27 

0.00 
0.00 
0.05 
0.02 
0.01 
0.00 
2.08 
0.04 
0.04 
0.01 

< 0.001 
< 0.001 
< 0.001 

0.001 

55.37 
0 . 0 8 * 
0.00 
3.50 
1.66 
0.06 
0.01 

23.28 
13.63 

0.00 
0.00 
0.21 
0.10 
0.06 
0 .16 

2.00 
0.04 
0.07 
0.02 
0.009 
0.001 
0.001 
0.002 

< 

56.84 
0.05 * 
0.00 
1.21 
1.33 
3.25 
0.24 

21.98 
13.14 

0.00 
0.00 
0.12 
0.03 
0.02 

2.06 
0.02 
0.06 
0.02 
0.005 
0.001 
0.001 
0.002 

— O = F, Cl 
100.08 

0.03 
100.05 

100.23 
0.02 

100.21 

100.25 
0.03 

100.22 

100.37 
0.03 

100.34 

Si 
AI 
AI 
Ti 
Fe3 + 
F e 2 + 
Mn 
Mg 
Ca 
Na 
K 
OH 
F + Cl 

7.98 
0.02 

0.03 

5.03 
1.96 
0.01 

} 8.00 

5.06 

1.92) 
0.03 / 

1.97 

95 

o'o6 I 8 0 0 

0.03 

0.04 
0.15 
0.02 
4.86 
1.94 
0.01 

1.89 
0.02 

5.10 

1.95 

}1.91 

7.58 
0.42 
0.15 
0.01 
0.17 
0.01 

4.74z 
1.98z 
0.06 
0.02 
1.83 
0.03 

I 8.00 

5.08 

2.06 

I 1.86 

7.83 \ 
0.17 ) 
0.03 
0.01 
0.14 
0.37 
0.03 
4.50 
1.94 ' 
0.03 

1.89 
0.03 , 

8.00 

5.08 

1.97 

1.92 

100 Mg: (Mg + 
F e 2 + + Fe3+ + Mn) 99.3 95.9 96.4 

Dens i ty : 
m e a s u r e d va lues 

a v e r a g e 
ca lcula ted 

2.976 
2.980 

2.978 
2.965 

2.997 
3.001 

2.999 
2.981 

2.995 
2.999 

2.997 
3.000 

3.019 
3.024 

3.022 
3.016 

5 
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Table 1 continued 

Unit cell 

parameters 
From powder 
diffraction 
patterns: 

a 9.841 + 0.003 A 9.837 ± 0.003 A 9.829 ± 0.004 A 9.842 ± 0.003 A 
b 18.053 + 0.006 18.056 ± 0.005 18.036 ± 0.007 18.067 ± 0.006 
c 5.277 + 0.002 5.281 ± 0.002 5.282 ± 0.002 5.285 ± 0.002 
ß 104°47' + 2' 104°45' ± 2' 104°54' ± 2' 104°46' ± 2' 

volume (A3) 906.5 907.1 904.9 908.7 
From precession 
photographs zz) 

a 9.848 + 0.010 A 
b 18.057 + 0.020 
c 
ß 

5.276 
104°50' 

+ + 0.005 
5' 

volume (A3) 907.0 

a 1.603 1.606 1.605 — 1.607 1.606 — 1.609 1.609 — 1.611 
ß 1.617 — 1.618 1.620 — 1.621 1.623 — 1.624 1.624 — 1.626 
7 1.629 — 1.630 1.630 — 1.631 1.632 — 1.633 1.634 
2Va 83°, 84° 88°, 88° 79°,82° 78°, 80° 
cAz 16°, 16 0 20°, 16° 16°, 14° 16°,17° 

* Optical spectrometric analyses by A. Löfgren. The figures for Cr, V, Ni and Co have not 
been included with the totals of the analyses. 

** X-Ray fluorescence analyses by V. Hoffrén. 
*** Optical spectrometric analysis by A. Löfgren gave Ti < 0.01 %>. 
z Corrected for dolomite, calculated on the basis of 0.16 percent CO2 in the analysis. 
zz By Atso Vorma 

close to the p u r e end member , Ca2Mg5SiHC>22 
( O H ) 2 . N O . 3 w i th 3 . 5 percen t A L 0 3 s t r ives 
t owards the hornb lende series and its fe r r ic 
to f e r rous iron ra t io is unusual . 

Examina t ion of the analyses reveals a posi-
t ive correla t ion be tween the amoun t s of TiCL, 
Al ä 0 3 , Fe ,0 3 , Na ä O and K 2 0 . All f ou r 
t remol i tes show very low halogen contents . 
They thus d i f fe r e.g. f r o m some Cent ra l 
Swedish ska rn t remol i tes (Geijer 1961), which 
contain appreciable amoun t s of f luor ine 
(average F content of eight t remol i tes 0.7 
percent) . On the o ther hand, t he r e a re no 
indicat ions of f luor ine concentrat ions, e.g. in 
the f o r m of humi t e minerals , in the vicinit ies 
of any of the four t remol i tes of the present 

s tudy. The f luor ine contents of the micas 
occurr ing in specimens 3 and 4 have not been 
de te rmined . 

Density and optical properties 

Densit ies w e r e de te rmined wi th a pycno-
meter , using to luene as l iquid. Two separa te 
m e a s u r e m e n t s w e r e made of each sample to 
be analyzed chemical ly. The resul ts and the 
averages of the two m e a s u r e m e n t s a re given 
in Table 1. 

In th in section all f ou r t remol i tes a re 
colourless and clear. Microscopic examina t ion 
by the immers ion method reveals tha t the 
samples a re optically not qui te homogeneous. 
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Table 2. X-ray powder pat tern of the tremolite 
f rom Kajoo, Juuka. Philips diffractometer, fil-
tered Copper radiation with quartz standard. 

100 
Co2Mg,SiB022(0H)j 

100 Mg . ( M g t Fe Fe 3*+ Mn) 

Fig. 2. The relation between chemical composi-
tion and unit cell volume of the four tremolites. 
The crosses numbered 5 through 12 represent 
plots of tremolites and actinolites collected f rom 

the l i terature: 
5. Synthetic tremolite. Colville et al. 1966. 
6. Tremolite. Zussman 1959. 
7. Tremolite. Sample G-21. Gouverneur mining 

district, U.S.A. Ross et al. 1989. 
8. Tremolite. Sample Varzo 7. Lepontine Alps, 

Switzerland. Wenk 1971. 
9. Tremolite, Sample Vz 194, Lepontine Alps, 

Switzerland. Wenk, op.cit. ibid. 
10. Tremolite, sample Varzo 6, Lepontine Alps, 

Switzerland. Wenk, op.cit. ibid. 
11. Actinolite, Siilinjärvi, Finland. Puust inen 1972. 
12. Synthetic ferroactinolite, not shown in the 

figure. Unit cell volume 938.7 A3. Ernst 1966. 
A line has been drawn f rom the point of the 
synthetic tremolite (5) to that of the synthetic 

ferroactinolite (12). 

T h e r a n g e s of v a r i a t i o n of t h e r e f r a c t i v e i n -
dices h a v e b e e n e x p r e s s e d in T a b l e 1. H o w -
eve r , t h e s e r a n g e s of v a r i a t i o n a r e on ly 
s l i gh t l y g r e a t e r t h a n t h e a p p a r e n t a c c u r a c y 
of t h e s e m e a s u r e m e n t s . 

F o r each of t h e f o u r t r e m o l i t e s t w o f i g u r e s 
f o r b o t h 2V« a n d c A Z h a v e b e e n g iven . T h e s e 
r e f e r to m e a s u r e m e n t s on t w o s e p a r a t e g r a in s , 
r e spec t i ve ly . 

X-ray Crysta l lography 

P o w d e r p a t t e r n s of t h e t r e m o l i t e s w e r e r u n . 
As t h e r e a r e on ly s m a l l d i f f e r e n c e s in t h e 
p a t t e r n s b e t w e e n t h e f o u r t r e m o l i t e s , o n l y 

hkl 

020 
110 

130 
1 1 1 
200 
040 
2 2 0 
131 
041 \ 
131 / 
240 
310 
2 2 1 
330 
331 
151 
061 

2 0 2 
350 
351 
421 
420 i 
171 / 
261 
2 0 2 
351 
370 
190 
421 
510 
460 V 
191 ' 
530 
461 
480 

1.11.0 
600 
153 \ 
552 I 
620 ) 

1.11.1 < 
2 . 1 0 . 1 ) 

602 
0.12.0 

4.10.0 \ 
661; 

17 
40 

4 
1 

10 
8 

13 
1 

23 
> 1 0 0 

5 
14 
3 
9 
4 
3 
5 
9 
4 

4 
1 
3 
3 
1 
1 

12 

10 
6 
4 
2 
5 

2 
4 

10 

d c a l e 

9.028 
8.416 
5.086 
4.881 
4.756 
4.514 
4.208 
3.8774 

/ 3.3822 1 
I 3.3810 / 

3.2742 
3.1232 
2.9389 
2.8054 
2.7322 
2.7061 
2.5927 
2.5347 
2.3827 
2.3374 
2.3219 
1.2998 
>.2990 
2.1620 
2.0434 
2.0165 
2 . 0 0 1 0 
1.9630 
1.9268 
1.8921 

/ 1.8659 I 
1 1.8655 / 

1.8141 
1.6496 
1.6371 
1.6176 
1.5855 

I 1.5785 \ 
\ 1.5782 J 
f 1.5616 ) 

1.5616 r 
I 1.5613 I 

1.5332 
1.5047 

I 1.4381 1 
\ 1.4379 ( 

/ 2.2998 ) 
\ 2.2990 / 

one, viz. t h a t of J u u k a , is r e p r o d u c e d in 
T a b l e 2. 

T h e u n i t cel l d imens ions , d e d u c e d f r o m t h e 
p o w d e r p a t t e r n s , a r e l i s t ed in T a b l e 1. I n 
add i t i on , t h e cel l d i m e n s i o n s of t h e V i r t a -
s a l m i t r e m o l i t e , d e t e r m i n e d b y At so V o r m a 



68 Kai Hytönen and Pentti Ojanperä 

f r o m s i n g l e c r y s t a l p r e c e s s i o n p h o t o g r a p h s , 
a r e a l so l i s t ed i n T a b l e 1. 

T h e u n i t cel l d i m e n s i o n s of t h e f o u r t r e -
m o l i t e s d i f f e r o n l y a l i t t l e f r o m e a c h o t h e r 
a n d a r e q u i t e c lose to t h o s e g i v e n i n t h e l i t -
e r a t u r e f o r t h e t r e m o l i t e s n e a r t h e e n d m e m -
b e r s c o m p o s i t i o n Ca 2 Mg 5 Si 8 02ä(0H) L , \(e.g. 
C o l v i l l e et al. 1966; Z u s s m a n 1959; P a p i k e 
et al. 1969 a n d Ross et al. 1969). H o w e v e r , 
t h e r e a r e s m a l l d i f f e r e n c e s i n t h e cel l d i m e n -
s ions b e t w e e n t h e f o u r t r e m o l i t e s . T o i l l u s -
t r a t e t h e v a r i a t i o n s , t h e u n i t ce l l v o l u m e s 
h a v e b e e n p l o t t e d a g a i n s t t h e r a t i o 100 M g : 
(Mg + F e 2 + + F e 3 + + M n ) in F i g u r e 2. I n t h e 
f i g u r e t h e r e a r e a l so s h o w n t h e p l o t s of s i x 
o t h e r t r e m o l i t e s , a n d o n e a c t i n o l i t e , co l l ec t ed 
f r o m l i t e r a t u r e a n d a n a s c e n d i n g l i n e t h a t 
h a s b e e n d r a w n f r o m t h e p o i n t of a s y n t h e t i c 
t r e m o l i t e , C a , M g 3 S i 8 0 2 2 ( 0 H ) 2 (Colv i l l e et al., 
op.cit.), to t h e p o i n t of a s y n t h e t i c f e r r o a c t i n o -
l i te , C a 2 F e 3

2 + S i 8 0 ^ ( 0 H ) 2 ( E r n s t 1966), n o t 
s h o w n in t h e f i g u r e . T h e i n c l i n a t i o n of t h e 
l i n e i l l u s t r a t e s t h e e f f e c t of t h e r e p l a c e m e n t 
of M g b y F e l > + . T h e p o i n t s of t h e V i r t a s a l m i , 
J u u k a a n d V ä r t s i l ä l ie q u i t e n e a r t h e l ine , 

w h e r e a s t h e p o i n t of t h e S a l l a t r e m o l i t e is 
s l i g h t l y o f f . T h e d e v i a t i o n of t h e S a l l a t r e -
m o l i t e c a n b e e x p l a i n e d to b e c a u s e d p a r t l y 
b y t h e i n a c c u r a c y of t h e m e a s u r e m e n t s , 
p a r t l y b y t h e e f f e c t s of a l u m i n u m a n d f e r r i c 
i r o n c o n t e n t s in t h e w a y as h a s b e e n s u g g e s t -
e d e.g. b y W e n k (1971). 
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