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Introduction 

During explorations carried out by the Geolo-
gical Survey of Finland in the Puolanka area, NE 
Finland, in the summer of 1968 a shear zone 
between the Prekarelidic basement gneiss com-
plex and the psammites of the Karelidic belt 
was intersected by a drill hole (No. 10, Fig. 1). 
In this shear zone a blue amphibole and a yellow 
mica-like mineral were detected which were 
identified as magnesioriebeckite and penninite, 
respectively. Their occurrence is restricted to 
the contacts of an albite-rich metadiabase. 
Associated minerals are carbonate, quartz, albite, 
biotite and talc. 

Alkali amphiboles have been described in 
Finland from Kiihtelysvaara (riebeckite-arfved-
sonite) (Eskola and Sahlstein 1930 a), Otanmäki 
(Hytönen and Heikkinen 1966), Siilinjärvi 

(richterite) (Puustinen 1972) and Savukoski 
(Paarma 1970). Magnesioriebeckite has not pre-
viously been described from Finland. The only 
analyzed Finnish »penninite» (actually chamosite) 
is that from Raajärvi (Nuutilainen 1968). 

The purpose of this study is to give a minera-
logical description of the magnesioriebeckite and 
penninite from Puolanka and to discuss their 
origin. Pentti Ojanperä performed the wet che-
mical analyses. Kauko Laajoki did the other mi-
neralogical studies and wrote the manuscript. 

Petrography 

The shear zone under consideration is situated 
in the tectonic contact between the Prekarelidic 
basement gneiss complex and the Jatulian 
psammite formations of the Karelidic belt 
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FIG. 1. The location of drill holes Nos 10, 13 and 15, 
Puolanka, NE Finland. The map is simplified after Laa-
joki (1973). 1) Prekarelidic basement gneiss complex. 
2) Psammites of the Jatulian. 3) Phyllites and schists of 
the Dolomite-Phyllite Formation (Marine Jatulian). 
4) Dolomite of the Dolomite-Phyllite Formation. 5) Me-
tadiabase. 6) Shear zone. 7) Drill hole and number. 

FIG. 2. The prophile of drill hole No. 10, Puolanka, NE 
Finland. 1) Mica gneiss. 2) Mica schist. 3) Biotite-chlorite 
schist. 4) Penninite- and magnesioriebeckite-bearing 
rock. 5) Albite metadiabase. 6) Albite-biotite metadia-
base. 7) Carbonate rock. 8) Amphibolite. 9) Quartzite. 

(Fig. 1). The basement complex consists mainly 
of granodioritic orthogneisses with microcline 
porphyroblasts. Drill hole No. 10 (Fig. 2) begins 
with mica gneisses and mica schists possibly 
belonging to the basement complex or to the 
Dolomite-Phyllite Formation. They are suc-
ceeded by a zone approximately 8 m thick of 
granoblastic penninite- and magnesioriebeckite-
bearing rocks. The mineralogy of this zone is 
very variable (Table 1, Nos. 1—4). The amount 
of penninite and magnesioriebeckite increases 
towards the contact of albite metadiabase and 
there are fragments of grey phyllite and albite 
metadiabase. Albite is often almost totally rep-
laced by carbonate. Penninite- and magnesio-
riebeckite-bearing rock grades into subophitic 
albite metadiabase (Table 1, No. 5). Carbonate 
and a brownish yellow substance intimately 
associated with it occur as spots up to 5 mm in 
diameter and between the other minerals. 
According to electron probe examinations the 
brownish yellow substance contains Ca, Fe, Al 
and Si in varying amounts. Part of it was iden-
tified as iron-bearing carbonate. Albite metadia-
base is succceded by biotite metadiabase (Table 1, 
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TABLE 1 

M:neral composition of the rocks of drill hole No. 10, Puolanka, NE Finland. Determined by the point counting 
method. Vol. %. 

1 2 3 4 5 6 7 8 9 

Quartz 
Plagioclase 
(An %) 
Magnesioriebeckite 
Biotite 
Penninite 
Talc 
Carbonate 

Others 

0 . 5 4 9 . 9 — 0 . 8 — 0 . 8 5 . 4 

1 8 . 8 0 . 3 2 1 . 8 1 6 . 0 6 3 . 9 4 0 . 1 3 4 . 3 1 .0 + 
( 0 - 2 ) ( 0 ) ( 0 - 5 ) ( 3 - 6 ) 

0 . 1 0 . 1 1 1 . 1 1 .0 6.0 6 . 8 — — 0 . 1 — 0 . 1 

0 . 8 2 . 1 4 1 . 3 5 . 7 3.0 — 

4 4 . 0 8 7 . 2 47 ,5 O.I — — — 0.5 — 

4 . 6 2 . 5 6 . 1 — — — — 0 . 2 1 . 4 

1 8 . 6 8 . 1 1 6 . 7 2 6 . 3 1 4 . 3 1 0 . 9C) 5 9 . 8 ° ) 9 4 . IC) 9 2 . 6 

0 . 8 0 . 3 + — + — — — 

2.0 — -f" 7 . 8 D ) 6 . 9 D ) 0 . 1 0 . 3 0 . 1 

— 0 . 3A) 1 . 6 » ) 1 2 . 0 » ) — — — 0 . 4 " ) 

9 9 . 9 9 9 . 9 1 0 0 . 0 9 9 . 9 1 0 0 . 1 1 0 0 . o 1 0 0 . 0 9 9 . 9 1 0 0 . 0 

a) brownish yellow substance, b) tourmaline 0.2 % and microcline 0.2 1 

mainly magnetite. 

depth 44.3 5 m. 

c) contains brownish yellow substance, d) 

1) Penninite- and magnesioriebeckite-bearing rock 
2) » » » » 
3) » » » » 
4) » » » » 
5) Albite-metadiabase » 
6) Biotite-metadiabase » 
7) Carbonate-albite-rock » 
8) Carbonate rock » 
9) » » » 

44.50 m. 
44.75 m. 
48.60 m. 
52.8 5 m. 
56 .50 m . 

5 8 . 7 5 m . 

59.80 m. 
69 .00 m . 

No. 6). According to three semiquantitative 
electron probe microanalyses, the biotite of 
metadiabases contains about 17 % FeO (total 
iron) and about 14 % MgO. Biotite metadiabase 
grades into penninite and magnesioriebeckite-
bearing carbonate-albite-rock (Table 1, No. 7), 
which again grades into more or less pure car-
bonate rock (Table 1, Nos. 8—9). Carbonate, 
which according to the Alizar Red S-test is 
calcite, replaces albite and occasionally also 
magnesioriebeckite. The rock contains abundant-
ly dark grey phyllite fragments. Some thin mag-
nesioriebeckite- and/or pennitite -bearing seams 
occur. 

The host rock of the shear zones intersected 
by drill holes Nos 13 and 15 (Fig. 1) is me-
tadiabase containing ca. 75 % green hornblende, 
ca. 25 % oligoclase (An2g_36) and magnetite and 
biotite as accessories. The rocks of these shear 
zones are mainly carbonate rocks and quartzites. 
Especially in carbonate rocks chlorite - (penninite) 

rich parts and talc seams up to 20 cm broad 
are frequent. Microcline balls and fragments 
ranging up to 2 cm in diameter are typical of 
these shear zones. The balls and fragments 
consist mainly of fine- and even-grained microc-
line and quartz grains. Sometimes microcline 
occurs as phenocrysts in a fine-grained ground-
mass. Although these shear zones are very similar 
to that of drill hole No. 10 no magnesioriebeckite 
was found. 

Magnesioriebeckite 

Magnesioriebeckite occurs as euhedral needles 
ranging up to 2 mm in length. The main part of 
the amphibole is light blue in colour. Occasion-
ally also dark blue crystals are encountered. These 
varieties are called magnesioriebeckite-1 and 
magnesioriebeckite-2, respectively. For chemical 
analysis magnesioriebeckite-1 was separated 
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TABLE 2 . 

Chemical composition and physical properties of the magnesioriebeckite-1 from drill hole No. 10. Puolanka 
Finland. Chemical analysis by Pentti Ojanperä. Optical data are for Na-light. NE 

W t . - % Number of ions on the basis of 24 (O, OH, F) 

SiOä . 
TiOa . 
AI2O3 

Fe2Oa 
FeO . 
MnO 
MgO 
CaO . 
Na20 
k2O . 
P2O5 

H2O+ 
H2O-
F . . .. 

5 7 . 2 0 Si 
0 . 1 5 A I M 

t Z =8.ooo 
1 . 1 3 * ) M M 

1 4 . 8 5 Tl+ 3 R " ' = 1 . 6 7 0 ] 
0 . 5 7 Fe 
0.0 4 Mg+2 

1 5 . 5 3 Fe R " = 3 . 2 7 7 
1 . 1 1 Mn 
7 . 2 0 Na 
0.19 Ca X = 2 . 1 3 2 
0 . 0 6 K 
2 . 3 4 OH 

2 . 1 6 6 O.oo F 2 . 1 6 6 

O.oi P 
100 . 38 O 

4 . 9 4 7 

(Na 1 .9 3K.0 3Ca. 1 6)2 1 2 (Mg3.21Fe+2. Mn. 0 0) 3 . 2 8 (Fe^Al .nTi . 02)1.68 (Si7 92Ai., (OH.F), 
*) Anal. A. Löfgren. 

a = 1 . 6 5 7 ± O .002 
y = 1 . 6 7 0 ± O . 0 0 2 
C A a = 9—13° 
2Va = 0—4° 
Dmeas = 3.11 6 

Dcalc = 3 . 1 0 8 

Pleochroism 
a = light blue 
ß — light violet 
y = yellowish 
a) almost colourless 
b) blue 

1 . 6 5 9 ± 0 . 0 0 2 

1 . 6 7 4 + 0.OO2 

3.122 (Westphal balance) 

Orientation of indicatrix. 
O.A.P. /I (010) 
b=ß 
Unit cell dimensions (C2jm) 
a 0 = 9 . 7 0 0 ± 0 . 0 1 0 A 

b 0 = 1 7 . 9 4 4 ± 0 . 0 1 8 A 

C 0 = 5 . 2 7 3 ± 0 . 0 0 5 A 

ß = 103°32' ± 05' 
V = 892.4 A3 

from the core of drill hole No. 10, depth 44.35— 
44.90 m using Clerici's solution and aFranziso-
dynamic separator. The final purification was 
done by hand picking under a binocular micros-
cope until no foreign grains were detected. Slight 
quantities were seen in some grains of a reddish 
brown pigment which was insoluble in hydroclo-
ridic acid. Under a binocular microscope and in 
immersion liquids the colour of magnesiorie-
beckite-1 varied from almost colourless to blue. 

The chemical analysis of magnesioriebeckite-1 
is presented in Table 2. It is very close in compo-
sition to that of theoretical magnesioriebeckite 
(Table 4). As, however, the number of R ' " is 
less than 2.00 and the number of X more than 

2.00 the Puolanka amphibole has arfvedsonitic 
affinities ( c f . Borg 1967). On the basis of the 
refractive indices and the specific gravities given 
in Table 2 the darker magnesioriebeckite-1 is 
slightly richer in iron than the lighter one. In 
thin section magnesioriebeckite-1 is slightly 
zoned with an almost colourless core and a pale 
blue margin. The margin has higher refractive 
indices than the core. In this respect magnesio-
riebeckite-1 resembles that of Bizan (Miyashiro 
and Iwasaki 1957). The interference colour is 
an anomalous blue. As in the case of many other 
alkali amphiboles, it also has incomplete ex-
tinction. The incomplete extinction of alkali 
amphiboles has been attributed to the inter. 



Magnesioriebeckite and penninite from a shear zone in Puolanka, NE Finland 1 4 7 

TABLE 3 . 

Indexed powder diffraction pattern of the Puolanka 
magnesioriebeckite-1 (space group C2/m). Filtered copper 
radiation with Si-standard. X-ray runs by Pekka Kallio. 

hkl / ^MEAS dcalc 

7 9.3 6* ) 

020 8 . 9 7 

110 100 8 . 3 5 * ) 8 . 3 5 

2 4 . 8 4 4 

I l l 3 4 . 8 3 6 4 . 8 3 8 

040 16 4 . 4 8 6 4 . 4 8 6 

220 20 4 . 2 2 5 4 . 1 7 4 

1 3 . 4 3 9 

131 9 3 . 3 9 6 3 . 3 9 2 

240 18 3 . 2 4 6 3 . 2 5 0 

310 + 100 3 . 0 9 2 3 . 0 9 7 

221 5 2 . 9 5 4 2 . 9 5 2 

330 2 2 . 7 9 8 2 . 7 8 3 

151 12 2 . 6 9 2 2 . 7 0 6 

061 4 2 . 5 8 3 6 . 5 8 3 

202 5 2 . 5 2 5 2.512 
351 5 2 . 3 0 8 2 . 3 0 7 

171 4 2 . 2 8 4 2 . 2 8 3 

312 2 2 . 2 5 5 2 . 2 4 5 

261 5 2 . 1 6 4 2 . 1 6 1 

351 4 2 . 0 1 3 2.017 
242 9 1 . 8 7 3 1 . 8 7 1 

191 4 1 . 7 9 * * ) 1 . 7 9 

461 7 1 . 6 4 4 1 . 6 4 7 

480 3 1 . 6 2 3 1 . 6 2 5 

*) checked w i th a bery l -s tandard . 
** ) a broad peak . 

The lines not indexed are probably due to impurities. 

growth of two amphibole components (Eskola 
and Sahlstein 1930b, Sahama 1956) or to elliptical 
polarization due to the non-coincidence of the 
principal optical and absorption directions (Faye 
and Nickel 1970). As magnesioriebeckite-1 does 
not show any striations indicating intergrowth, 
its incomplete extinctions seem to be of the 
latter type. 

A fraction from the separated sample was taken 
for x-ray diffraction studies. The magnesio-
riebeckite-1 diffraction pattern (Table 3) was 
indexed by comparison with the patterns of 
synthetic magnesioriebeckite (Ernst 1960) and 
of the riebeckite from Hurricane Mt. (Borg 
and Smith 1969). The unit cell dimensions (Table 
2) and the d-values were calculated by regression 

analysis. The computer calculations were done 
by the Computing Center of the University of 
Helsinki. The 020 reflection of magnesiorie-
beckite-1 is presumed to be covered by the 
reflection (^mcas = 9.36 A) of talc impurity. 

In Table 4 the chemical composition and 
physical properties of the Puolanka magnesio-
riebeckite-1 are compared with those of some 
other magnesioriebeckites and with the theore-
tical compound. The Puolanka amphibole has a 
slight excess of A1203, MgO and CaO and a 
marked deficiency of Fe 20 3 compared with 
the theoretical compound Na2Mg3Fe2Si802 2 

(OH)2. The chemical compositions, the ref-
ractive indices and the extinction angles of the 
magnesioriebeckites from Puolanka and Zes-
fontein are very similar, but the axial angles and 
and specific gravities differ. The arfvedsonitic 
affinities of the Puolanka amphibole are obvious 
when its chemical composition is compared with 
that of the Bizan magnesioriebeckite, which 
belongs to the magnesioriebeckite-ferroglau-
cophane group (Miyashiro 1957). 

The unit cell dimensions of the Puolanka 
magnesioriebeckite-1 are systematically some-
what smaller than those of the averages of 
synthetic magnesioriebeckites (Table 4). 

The Puolanka magnesioriebeckite-2 occurs 
only at a depth of 48.40—48.70 m and was 
inadequate for chemical analysis. It shows com-
plete extinctions in sections close to (100), but 
not in others, and is zoned in the same way as 
magnesioriebeckite-1. The semiquantitative elec-
tron probe microanalyses of the cores and darker 
margins of both Puolanka magnesioriebeckites 
are given in Table 5. The analyses were done by 
a Geoscan microanalyser with a chemically 
analyzed natural hornblende as standard. The 
analyses are averages of three determinations. 
Excluding the NaaO content, the wet chemical 
and the microanalysis of the Puolanka mag-
nesioriebeckite-1 are in moderately good agree-
ment. As a whole, magnesioriebeckite-2 contains 
more iron and less MgO than magnesiorie-
beckite-1, so that it is slightly more riebeckitic in 

6 6 2 1 9 — 7 3 
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SiO, . 
TiO~, . 
A 1 2 Ö 3 

Fe„03 

FeÖ . 
MnO . 
MgO . 
CaO . 
Na o O 
K 2 Ö . 

p 2 O 5 . 
H , 0 + 

n'2o-
F 

TABLE 4 . 

Chemical compositions and physical properties of some magnesioriebeckites. 

1 2 3 4 

5 7 . 2 0 5 5 . 6 2 5 4 . 4 5 7 . 1 4 
0 . 1 5 0 . 2 6 
1 . 1 3 4 . 5 4 2 . 9 

1 4 . 8 5 1 2 . 9 9 1 4 . 5 1 8 . 9 8 
0 . 5 7 3 . 5 3 2 . 3 
0 . 04 1 . 2 5 1 . 5 

1 5 . 5 3 1 1 . 9 8 1 5 . 8 1 4 . 3 7 
1 . 1 1 1 . 9 5 1 . 5 
7 . 2 0 5 . 5 8 6 . 5 7 . 3 7 
0 . 1 9 0 . 3 6 
0 . 0 6 0 . 0 7 
2 . 3 4 1 . 9 6 0 . 8 2 . 1 4 
0.00 0.00 
0.01 

1 0 0 . 3 8 1 0 0 . 0 9 1 0 0 . 2 lOO.oo 
a b 

9 . 7 0 0 9 . 6 5 9 . 7 6 9 . 7 3 
1 7 . 9 4 4 1 7 . 8 1 1 7 . 9 7 1 7 . 9 5 

5 . 2 7 3 5 . 3 0 5 . 3 1 5 . 3 0 
1 0 3 . 5 1 0 3 . 3 1 0 3 . 9 1 0 3 . 3 
8 9 2 . 4 8 8 6 . 0 9 0 4 9 0 1 

1 . 6 5 7 1 . 6 6 0 1 . 6 5 9 1 . 6 5 5 1 . 6 5 4 * ) 
1 . 6 7 0 1 . 6 7 0 1 . 6 6 8 1 . 6 7 2 1 . 6 7 2 * ) 

9 — 1 3 ° 2 8 ° 9 — 2 1 ° 32° 4 — 1 3 ° * ) 
0—4° 43° 4 9 — 5 2 ° 0 — 2 0 ° — 

3 . 1 1 6 3 . 1 5 1 3 . 1 5 

ao (A) 
K (A) 
'0 (A) 
ß q . 
v (A3) 

CA«, ß or y 
2 Va 
D 

*) for white l ight. 

1) Puolanka magnesioriebeckite-1 (Table 2). 
2) Magnesioriebeckite, quartzose schist, Bizan, Japan (Miyashiro and Iwasaki 1957). Unit cell dimensions are from Ernst 

(1963, Table 10). 
3) Magnesioriebeckite, hematite ore, Zesfontein, South-West Africa (Deer, Howie and Zussman 1963, Table 54, No. 11) 

4) Theoretical magnesioriebeckite Na2Mg3Fe> 3Si 80 2 2(0H) 2 . 
a) end member magnesioriebeckite (Borg 1967). 
b) average of seven synthetic magnesioriebeckites (Colville et al. 1966, Table 2—3). 

composition. The margins of both minerals are 
richer in iron and poorer in MgO, in CaO and, 
especially in the case of magnesioriebeckite-1, 
poorer in A1203 than the cores. The Na.O 
content seems to be almost constant. 

In white light, using the abbreviations of 
Borg (1967), magnesioriebecite-1 has R and 
magnesioriebeckite-2 O indicatrix orientation. 
Both magnesioriebeckites show optic axial 
dispersion (Fig. 3). The incomplete extinction 
greatly hampered the U-stage determinations. 
Contrary to the glaucophanic amphiboles descri-
bed by Banno (1960) the optic axial dispersion 

of the Puolanka magnesioriebeckites is r > v for 
normal-symmetric (O) and r < v for parallel-
symmetric (R) orientations. 

The extinction angle dispersion seems to be 
almost linear and is stronger for magnesio-
riebeckite-2. Crossed axial plane dispersion of 
alkalic amphiboles has previously been described 
by Jans (1964) and Jans and de Béthune (1968). 
In accordance with the investigation by Jans 
(1964) the point of the Puolanka magnesio-
riebeckite-1 falls in the field in his diagram, 
where the position of the optic axial plane is 
variable (Fig. 4). 
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TABLE 5 

Partial semiquantitative chemical analyses (electron probe 
microanalyses by Kauko Laajoki) and optical data of the 

Puolanka magnesioriebeckites 

l 2 

a b a b 

SiO, 58 . 8 59.5 59.1 59.2 
Al 2 0 ; i 1 . 5 0.5 0.9 0 . 8 
Fe203*) 16.7 2 0 . 8 20.0 23.1 
MgO 16.1 1 4 . 4 1 4 . 4 12.3 
CaO 1.4 0.5 1 . 4 0.2 
Na0O 5.8 5.9 5.4 5.8 

100.3 101.6 101.2 1 0 1 . 4 

* ) total i ron 

a 1.658 ±0.002***) 1.663 ±0.002 
y 1.672±0.002***) 1.671 ±0.002 
CAa 9—13° 14 - 1 7 ° 
2 Va 0°±4° 65°±5° 
O.A.P.**) / / (010) J _ (010) 

b**) = / 9 = V 
Pleochroism**) . 
a light blue greenish blue 
ß light violet yellowish 
v yellowish violet blue 

** ) for whi te l ight , other optical data for Na- ] ight . 

* * * ) mean f r o m table 2. 

1) Magnesioriebeckite-1, drill hole No. 10, depth 44.7 5 m. 
a) almost colourless core, b) more coloured margin. 

2) Magnesioriebeckite-2, drill hole No. 10, depth 48.6 0 m. 
a) blue core, b) more coloured margin. 

500 600 X (nm) 

FIG. 3. The optical axial angle dispersion curves, extinction 
angle dispersion curves and crossed axial plane dispersion 
of the Puolanka magnesioriebeckite-1 (1) and magnesio-

riebeckite-2 (2). 

Penninite 

Chlorite occurs as anhedral light yellow flakes 
ranging up to 2 mm in diameter. When blown on 
a chlorite rich sample smells like clay. For chemi-
cal analysis chlorite was separated from the same 
sample by the same method as magnesiorie-

( Mg + AI) in Y 

FIG. 4. Variation of the position of the axial plane of the amphiboles as a function of the contents of Ca in 
X-positionand (Mg + Al) in Y-position. Simplified from Jans (1964). The point of the Puolanka magnesio-

riebeckite-1 is shown by a black dot. 
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TABLE 6 

Chemical composition and physical properties of the 
penninite from drill hole No. 10, Puolanka, NE Finland. 

Anal, by Pentti Ojanperä. 

Wt.-% Number of ions on the basis of 
36 (O, OH, F) 

S i 0 2 35 .77 
T i O a 0 . 8 2 
A 1 2 0 3 1 2 . 7 8 
Fe 2 0 3 3.59 
FeO O.ll 
MnO 0.02 
MgO 32.6 5 
CaO 0.79 
NaaO 0.21 
K 2 0 0.12 
P 2 0 5 O.oi 
H 2 0 + 1 2 . 5 2 
H 2 0 - 0 . 2 8 
F O.oi 

S i 6 . 7 3 7 ^ 

Alp] . . . . 
Aim . . . . 
T i 
Fe+3 . . . . 
Fe+2 . . . . 
M n 
Mg 
Ca 
Na 
K 
P 

1 . 2 6 3 f 
1 . 5 7 4 
0 .166 
0 . 5 0 9 
0.017 
0 . 0 0 3 
9 . 1 6 6 
0 . 1 5 9 
0 . 0 7 7 
0 . 0 2 9 
0 .002 

9 9 . 6 8 

OH 15.7301 „ 
F 0 . 0 0 6 J 1 5 - 7 3 6 

O 2 0 . 2 6 4 

(Mg9.17 Fe.oa Ca j 6 A l 1 5 

(S>6.74 A'l.26)s.OO O2O.26 (OH,F)ls ; 4 

F e . ^ T i . 1 7 N a . 0 8 K •03)11 .71 

a = 1 . 5 7 8 1 ± 0 . 0 0 2 
y = 1.581 J (Na-light) 
1 = + 
2 Ka = ~0° 
a = colourless 
ß «a y — light yellow 
Interference colours; 

abnormally blue 
Dmeas = 2.628 (Westphal 

balance) 
Dealc = 2 . 6 54 

Unit cell dimensions 
for monoclinic system 

ß = 
V = 7 0 3 . 7 

5.32 A 
9 . 2 1 A 

1 4 . 4 8 A 
97° 2' 

riebeckite. No foreign grains were detected in 
the final sample. Slight quantities of the same 
reddish brown pigment were observed as in 
magnesioriebeckite. The chemical analysis is 
given in Table 6. The CaO content of chlorite 
may be due to interstitial carbonate. According to 
the classification of Hey (1954) and of Foster 
(1962), the Puolanka chlorite is penninite. 

There are very few penninites in the recent 
literature for which both chemical composition 
and physical properties have been given. One 
of these is the »penninite» from Raajärvi, Fin-
land (Nuutilainen 1968, p. 60). However, if the 
classifications of Hey (1954) and of Foster 
(1962) are strictly adhered, it should be called 
chamosite or clinochlore, respectively. Compared 

TABLE 7 

Indexed powder diffraction pattern of the Puolanka 
penninite. Filtered copper radiation with quartz standard. 

X-ray runs by P. Kallio. 

1 1 . 7 0 0 

bkt i ^meas ' 'calc 

0 0 1 9 1 4 . 3 7 1 4 . 3 7 
1 9 . 4 1 

0 0 2 1 0 7 . 2 0 7 . 1 9 
0 0 3 1 0 4 . 7 9 4 . 7 9 
0 0 4 9 3 . 5 9 3 . 5 9 

1 3 . 1 9 4 
1 3 . 1 2 0 

0 0 5 4 2 . 8 6 9 2 . 8 7 4 

1 3 1 , 2 0 2 1 2 . 5 7 2 * ) 2 . 5 8 1 

1 3 2 , 2 0 1 1 2 . 5 4 3 * ) 2 . 5 4 0 

1 3 2 , 2 0 3 1 2 . 4 4 2 * ) 2 . 4 4 1 
0 0 6 1 2 . 3 9 8 * ) 2 . 3 9 5 

1 3 3 , 2 0 4 1 2 . 2 7 6 2 . 2 6 3 

1 3 4 , 2 0 5 1/2 2 . 0 9 4 2 . 0 7 4 
0 0 7 1 2 . 0 4 8 2 . 0 5 3 

1 3 5 , 2 0 4 1 2 . 0 0 9 * ) 2 . 0 1 2 

0 6 0 , 3 3 1 1 1 . 5 3 5 * ) 1 . 5 3 5 

*) a broad peak. 

The lines not indexed are probably due to impurities. 

with the Puolanka penninite, the Raajärvi 
»penninite» contains only slightly more Fe203 , 
FeO and A1203 and slightly less S i0 2 . The 
Raajärvi »penninite» has a = 1 . 5 7 8 , y = 1 . 5 8 0 , 

ZVa 20° and positive elongation. Evidently 
owing to its higher iron content the Raajärvi 
»penninite» differs from the Puolanka penninite 
in pleochroism (a = colourless, ß ^ y blue 
green) and in interference colours (abnormally 
brown) ( c f . Table 6). 

The indexing of the powder pattern (Table 7) 
was based on ASTM card No. 10-183. On the 
basis of the powder pattern the Puolanka pen-
ninite is monoclinic (Brown and Bailey 1962, 
Table 3—4). The unit cell dimensions (Table 6) 
were calculated from the formulae given by 
Shirozu (1958, p. 216). These dimensions are 
almost identical with those given in the ASTM 
card mentioned above. The basal spacing d 0 0 1 

of chlorite is principally influenced by the sub-
stitution of Al by Si. Quantitative relationships 
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TABLE 8. 

Trace element contents (ppm) of penninite- and magnesioriebeckite-bearing rock, of carbonate rock and limestones 
from Puolanka. Anal, by V. Hoffren and R. Danielsson. 

1 2 3 4 5 6 7 8 9 

Ba 800 2 700 0 0 200 100 0 300 0 
Sr 0 110 80 400 70 160 200 50 210 

Zr Ti Mn Cu V Cr Sc Y Ga 

1*) 50 1 500 1 000 64 70 76 22 100 10 
2*) 0 210 340 10 0 6 0 0 0 

*) Nb, Ta, U, Th, Ce were not detected. 

1) Penninite- and magnesioriebeckite-bearing rock, Pahkavaara, drill hole No. 10, depth 44.35—44.90 m. 
2) Carbonate rock, Pahkavaara, drill hole No. 10, depth 68.90 m. 
3) Limestone, Iso Salmijärvi, drill hole No. 15, depth 163.70 m. 
4) » , » , » » » » , » 377.10 m. 
5) » , » , drill hole No. 16, depth 185.50 m. 
6) » , Rällinmäki. 
7) » , Pieni Salmijärvi. 
8) » , Poikkijärvi. 
9) » , Iso Kaitanen. 

of this substitution have been examined by 
severa authors (Hey 1954, Brinley and Gilleryl 
1956, in Deer, Howie and Zussman 1962, and 
Shirozu 1958). The curve of Shirozu (1958, 
p. 219) gives [Al4] content 1.38 for the Puolanka 
penninite. This results is in good agreement 
with the [Al4] content (1.26) obtained from the 
chemical analysis. The correlation between the 
total Al content and basal spacing d 0 0 1 is not 
so good if the regression equation given by 
Albee (1962, p. 867), is used. It gives [Al4 + Al6 ] 
content 2.15, compared with the value (2.81) 
calculated from the analysis. The a and b cell 
parameters of chlorite are influenced by the Fe 
content. Using regression equations given by 
Hey (1954) a0 = 5.32 A and ba = 9.21 A were 
obtained for the Puolanka penninite, which are 
the same as those measured (Table 6). 

Discussion 

Magnesioriebeckite occurs in alkalic igneous 
rocks and in carbonatites (Kovalenko 1968), in 
low grade schists, in marbles, as crocidolite in 
metamorphosed ironstones and as an authigenic 

mineral (Miyashiro and Banno 1958, Ernst 1964, 
Deer, Howie and Zussman 1963). 

Magnesioriebeckite is consequently stable over 
a wide range of physical conditions in the rocks 
of appropriate bulk composition (high soda, 
magnesia and ferric iron, and low alumina and 
lime) (Ernst 1960). In his discussion on the 
genesis of the South Australia magnesio-
riebeckite, (crocidolite) Ernst (1960) states that 
it possibly crystallized under conditions of soda 
metasomatism involving relatively high P c o . 
He also suggests that the formation of the Bizan 
magnesioriebeckite doubtless reflects the high 
F e 2 0 3 content of the rock (Ernst 1960). 

Chlorite is widely distributed in low grade 
metamorphic rocks, especially in those of the 
greenschist facies. In igneous rocks it generally 
occurs as a hydrothermal alteration product of 
primary ferromagnesian minerals (Deer, Howie 
and Zussman 1962). 
The site and the association of the penninite-and 
magnesioriebeckite-bearing rocks of Puolanka 
indicate that these rocks formed from meta-
diabases by dislocation metamorphism. The 
formation of magnesioriebeckite is intimately 
associated with the replacement of albite by 
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carbonate. The trace element contents (Table 8) 
suggest that the carbonate substance is of sedi-
mentary origin, even thouhg its Ba content 
greatly deviates from that of the limestones 
(mainly dolomites) of the Puolanka area. The 
Puolanka magnesioriebeckite is supposed to 
have formed by the reaction: 

(1) 2NaAlSi3Os + Fe 3 0 4 + 3CaMg(C03)2 + 
(albite) (magnetite) (dolomite) 

H 2 0 + 2SiOa = Na2Mg3Fe2Si802 2 + 
(magnesioriebeckite) 

3CaCOs + FeO + A1203 + 3C0 2 

(calcite) 

This equation fulfills both the conditions, 
high PC02 and high Fe2Oa content, discussed 
previously. The brownish yellow substance 
occurring in connection with the carbonates of 
drill hole No. 10 is thought to represent the 
excess of substance of this reaction. 

The Puolanka penninite is supposed to be a 
hydrothermal alteration product of biotite from 
pelitic schists and/or metadiabases due to the 
following reaction (the approximate formula of 
biotite is based on the comparison of its FeO 
(total Fe) and MgO content with those given by 
Deer, Howie and Zussman 1962, Table 12, 
p. 58): 

(2) 3 K2Mg3Fe2Al.3Fe.,Si6Al202 2(0H)2 + 
(biotite) 

5 H 2 0 + 7 S i0 2 + A1203 «S 
Mg9Al2Fe Si,Al O20(OH)16 + 

(penninite) 
6 KA1 Si3Os + 31/2 Fe2Os 

(potash feldspar) 

Naturally, the Fe 20 3 released could have taken 
part in reaction 1. Since in the shear zone of 
drill hole No. 10 there is only a small amount of 
microcline, the potash feldspar formed by 
reaction 2 must have left the system. 

Owing to the inadequate soda (albite) content 
of the metadiabase and of the other rocks in the 
shear zones of Iso Salmijärvi the first reaction 
failed to happen. The second reaction, however, 
took place and the potash feldspar liberated is 
seen as microline balls and fragments. The 
biotite needed must have been of pelitic origin. 
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