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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), Otanmiki

(Hytonen and Heikkinen 1966), Siilinjirvi

(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 Raajirvi (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 Ojanperd 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.

F1G. 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 the
According to electron probe examinations the

and bctween other minerals.
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 succeeded by biotite metadiabase (Table 1,
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TABLE 1

Mneral 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
QUALEZ <o oo e eeniennnnn — 0.5 — 4909 — 0.8 = 0.8 5.4
Plagioelase “ . « s s sseis e 18.8 0.3 21.8 16.0 63.9 40.1 34 1.0 -
(An %) 0—2) 0 (0—5 (396
Magnesioriebeckite . ........ %11 1.0 6.0 6.8 — — 0.1 —- 0.1
Biotite oo s s varan e s — — — 0.8 2.1 41.3 5.7 3.0 -
Penninife. .. «oicae v s exmevitaiss 44,0 87.2 47,5 0.1 — — - - 0.5 —
TRIC - o vieinis 50 Sruiain s 5 aPES < o 4.6 25 6.1 — — — — 0.2 1.4
Carbonate .. . . i snmasiss 18.6 8.1 16.7 26.3 14.3 10.9°) 59.8%)  94.19) 92.6
APAIEE ov s e o wioies oo mpmist on oo 0.8 — 0.3 -+ —— -+ —_— —_— —_
OPAGUES). < : sibw 5 5 8 viosidns s 2.0 — — + 7.8%) 6.9%) 0.1 0.5 0.1
OIENEES v o stttz oo st rieietsmss - 0.3%) 1.6%) — 12.02) - — —— 0.4%)

99.9° 99.9 100.0 99.9 100.1 100.0 100.0 99.9 100.0

a) brownish yellow substance, b) tourmaline 0.2 9, and microcline 0.2 %, c) contains brownish yellow substance, d)

mainly magnetite.

1) Penninite- and magnesioriebeckite-bearing rock, depth 44.35

2) » » » » »
3) » » » » »

i

>
4) » » » » » o, »
5) Albite-metadiabase » B e By
6) Biotite-metadiabase » »os 0»
7) Carbonate-albite-rock » ¥, B
8) Carbonate rock » Mo
9) » » » » 5 »

No. 6). According to three semiquantitative
electron probe microanalyses, the biotite of
metadiabases contains about 17 9, FeO (total
iron) and about 14 9, 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
occut.

The host rock of the shear zones intersected
by drill holes Nos 13 and 15 (Fig. 1) is me-
tadiabase containing ca. 75 9, green hornblende,
ca. 25 9, oligoclase (Anyg_,¢) and magnetite and
biotite as accessories. The rocks of these shear
zones are mainly carbonate rocks and quartzites.
Especially in carbonate rocks chlorite- (penninite)

44,50
44.75
48.60
52.85
56.50
58.75
59.80
69.00

FEEEEEEE

rich parts and talc scams 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, NE
Finland. Chemical analysis by Pentti Ojanperi. Optical data are for Na-light.

Wt.-9%, Number of ions on the basis of 24 (O, OH, F)
B1O3 v« v s 5 5iin s i a s 57.20 S e R e e 7.922
o s O T g 0.15 RN von o B S 0.078} Z =8.000
ABOS . . F et S e . 1,13%) A G e S v 0.106
FeiO .. oo s s sonisnniiinim 14.85 Ty oot monnci) 65 sraiaisins s o s 0.0163 R = 1.670]
He@ TR e e ke gl 0.57 L el Co S 1.548
MO < comis o R 0.04 gy, Vo AR ST TR S S ) 3.206 Y = 4.947
Mo . e 15.53 BC % s o5 winiine ik o » 5 6 b 5 8 0.066¢ R” = 3,277
(5710 IRl B . e 1.11 BAB e o1t 55 oo S e sl bhnt o 0.005
NagO . . ;s iosviccimassmhonas 7.20 DN oriienet s wpisner 1 5 5 3 685 s e 1.933}
B0 o i A TR 0.19 B o i S e o 5 5 S i A £ 5 R e 0.165% X ' =2,132
POl (o i S ) 0.06 | R e e o DR R el 0.034
HaO% ot ions s e s ihn 2.34 L. oo s 25 Bisats e aato & 2.162} 2.166
15 1 8 e R B o U e 0.00 B S s S T e s o o5 0.004
B it e & v R S s s 0.01 e S e 0.007

100.38 Qs slosoms 15 s 4 s 21.834

2 3 : .
(Nay 93K, 3Ca.16)5 12 (Mg:,_lee;’ Mn. 0)35.08 (FC;“AI-uT‘- 02)1.68 (Siz.92Al 08)5.00021.85 (OH,F)y 46

*) Anal. A. Lofgren.

a) b)
@ = 1,657 4 0.002 1.659 4+ 0.002
Y = 1.670 4 0.002 1.674 +4- 0.002
CAa = 9—13°
2V =0—4°
Dmeas = 3.114 3.12, (Westphal balance)
Dacale = 3.108
Pleochroism

a = light blue

p = light violet

y = yellowish

a) almost coloutless
b) blue

from the core of drill hole No. 10, depth 44.35—
44.90 m using Clerici’s solution and a Franziso-
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

Orientation of indicatrix.

O.A.P. [/ (010)
b=4

Unit cell dimensions (C2/m)
ag= 9.700 + 0.010 A
bo=17.944 4 0.018 A

¢o = 5.273 + 0.005 A

B =103°32" 1 05’

V =892.4 A3

2.00 the Puolanka amphibole has arfvedsonitic
affinities (¢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 alkalj
amphiboles has been attributed to the inter_



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

TABLE 3.

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

bkl I dmeas deale

7 9.36%)
2 R S 8.97
i s §1 /S 100 8.35%) 8.35

2 4,844
i i ST 3 4.836 4.838
DAD= 55 s e von 16 4.486 4.486
220 -ouios e a 20 4,225 4,174

1 3.439
5 NS S 9 3.396 3.392
e 18 3.246 3.250
310 ..........| -+ 100 3.092 3.097
Z2Y v vsmene s 5 2.954 2.952
B30 oo s ta 2 2.798 2:7183
L D 0 12 2.692 2.706
061 oo w0 o 5w 4 2.583 6.583
202 i e ooy s 5 2.525 2.512
LT O DR 5 2.308 2.307
) I e 4 2.284 2.283
1 7 e R LR 2 2.255 2.245
261 o i 5 2.164 2461
<157 R o 4 2.013 2.017
282 i s 9 1.873 1.871
191 —ve b s s 4 1.79%%) 1.79
L T B S T 1.644 1.647
480 i 3 1.623 1.625

*) checked with a beryl-standard.
**) 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

6 6219—73
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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 (4., = 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 Al,O;, MgO and CaO and a
marked deficiency of Fe,O; compared with
the theoretical compound Na,Mg;Fe,Si,0,,
(OH),. 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 Na,O 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
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TABLE 4.

Chemical compositions and physical properties of some magnesioriebeckites.

1 2 3 4
SIOG s s CE A s el s ot 57.20 55.62 54.4 57.14
7116 SRR R M SR I S S I 0.15 0.26
BlOs  choe s vaminas srunt e s amems e i 113 4.54 2.9
L5 O T R S Sl L ST B ! 14.85 12,99 14.5 18.98
FeO! . iwme vy wwaisdonobie atibias + wshise 0.57 3.53 2.3
£ (@ i A o S e S 0.04 1.25 1.5
VR e O e e et O 15.53 11.98 15.8 14.37
CaO i s o e R s ¢ 1ot 1.95 1.5
L I R Sl U e e S 7.20 5.58 6.5 7.37
RoO ooy soilass s sl isnmyin s ssie 0.19 0.36
B b Rk o s SR 0.06 0.07
HOF | Loy o v o anaters b miide o s av 2.34 1.96 0.8 2.14
T 0 oras s arsse sharohaTn Gb s 515 wilsses s 78 0.00 0.00
D A I s T 0.01

100.38 100.09 100.2 100.00

a b

GERY T T R e e R 9.700 9.65 9.76 9.73
B CAY - Solrdl o e e b it Al b 17.944 17.81 17.97 17.95
ARLE R - R A O 5.273 5.30 5,31 5.30
oA e e s L e e 103.5 103.3 103.9 103.3
2. IR == SO e R 892.4 886.0 904 901
B e siyei e o 8 e o S AT & R 5 1.657 1.660 1.659 1.655 1.654%)
AR R RS SR e S i Tl K 1.670 1.670 1.668 1.672 1.672%)
CAGs B OLP « ioiimensass tinaion s i sl asnts ms 9—13° 28° 9—21° 32° 4—13°%)
BUQ -~ - ivin.s o wioiintins 03 Fisbae s s L SR NS 0—4° 43° 49—52° 0—20° —
i 5 RN O el v S e ER Sl S i 3.116 3.151 3.15

*) for white light.

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 magnesiotiebeckite NazMgaFe:aSisOn(OH)z.

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 Al,O4 than the cores. The Na,O
content seems to be almost constant.

In white light, using the abbreviations of
Borg (1967), magnesioricbecite-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

1 2
a b a b

10y s eiinls 58.8 595 59:1 59.2
ALOy vo.ssons 1.5 0.5 0.9 0.8
Fe,O5%) ........ 16.7 | 208 | 20.0 | 23.1
Mg ..o v e vayen 16.1 14.4 14.4 12.3
[&:10 S 1.4 0.5 1.4 0.2
Nasld, o e pimics 5.8 5.9 5.4 5.8

| 100.3 | 101.6 | 101.2 | 101.4
*) total iron
(o R M 1.658+0.002%**) 1.663+0.002
PGS bilae v s i 54 1.6724-0.002%%%) 1.67140.002
CA@ civsiniines 9—13° 14—17°
VA e e e 0°4-4° 65°+5°
O.AP*¥) .. .. .. | [ (010) 1 (010)

|k BN R =f =y

Pleochroism**) .
L, %5 16080 s e s light blue greenish blue
/e e L e light violet yellowish
B ST e s sisiete s yellowish violet blue

** ) for white light, other optical data for Na-light.
*%¥%¥) mean from table 2.

1) Magnesioriebeckite-1, drill hole No. 10, depth 44.75 m.
a) almost coloutless core, b) more coloured margin.

2) Magnesioriebeckite-2, drill hole No. 10, depth 48.60 m.
a) blue core, b) more coloured margin.

20

149

X% 4

Vg /r/'HorizontcL dispersion . Vg
- 0AP L (010) 4
L “’ b=y k J

o gl r>v > 0

/7 Inclined d ispersion

= |
Vo b 0AR / (010) 1 2vg
b=f
r<v
50° 150°
20° 20°
CAa CAa
0° t 100

0°

0

F1a. 3. The optical axial angle dispetsion 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+AL) inY

50

Fic. 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 Ojanperi.

TABLE 7

Indexed powder diffraction pattern of the Puolanka
penninite. Filtered copper radiation with quartz standard.
X-ray runs by P. Kallio.

Wt.-% :I;fsuznob,egl?{ iFo)ns on the basis of bkl 7 Tisn den
SiQ. - ccncsies 35.77 S 6.737 8.000 QOS2 s ey 9 14.37 14.37
THO, = irssias 0.82 AN cioniis 1.263 ; 1 9.41
AlLO;g ...... 12.78 01 1] (TR 1.574 002 57 . s s s o 10 7.20 7.19
136 3:59 R 0.166 (0] e 10 4.79 4.79
FeQ ..z, 0.11 Feth i 0.509 (1107 SRR 9 3.59 3.59
MO ... 0.02 | 5 g 0.017 1 3.194
MgO: . ncs 32.65 Ma oo 0.003 § 11.700 1 3.120
Gt o 0.79 Mg . i. i 9.166 00515670 i 4 v 00 4 2.869 2.874
l1\<1Ia60 ...... 8 21 ga ........ 8-359 1815202 . 5 1 2.572%) 2.581
™ IS 12 - SRS .077 5
TN Y ORIE s 0.029 3135, 20 .. oo : 2850} 30
H,0+ ...... 190893 P A 0.002 132, 203 ...... 1 2.442%) 2.441
H,O- ...... 0.28 612 SR 15.730) 45 usg 006 .......... 1 2.398%) 2.395
.......... 0.01 Bl s sawee: 05006 133, 204 .. ..:. 1 2.276 2.263
99.68 (€ ¥ 20.264 134,205 .. .... 1/2 2.094 2.074
— S OOZ .......... 1 2.048 2.053
(Mgy.17 Fc.oz Cayg Alysy Fe-51 Tiyz Nagg Kiggin 135,204 = : o 1 2.009%) 2.012
(Sig.74 Alyzg)s.o0 Oz0.26 (OHF)5.74 060, 331 ....... 1 1.535%) 1.53%

a = 1.578 | 4 0.002 Unit cell dimensions

y = 1.581 [ (Na-light) for monoclinic system

I = &

2Va= ~O° dg = 5.32:A

a = colourless bo= 9.21 A

fa y = light yellow g = 14.48 A

Interference colours; b= 19712 2!
abnormally blue

Dimeas = 2.624 (Westphal I =703.7 A3

balance)
Decale = 2.654

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 Raajirvi, 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

*) a broad peak.

The lines not indexed are probably due to impurities.

with the Puolanka penninite, the Raajirvi
»penninite» contains only slightly more Fe,O,,
FeO and Al,O; and slightly less SiO,. The
Raajirvi »penninite» has ¢ = 1.578, y = 1.580,
2Va 20° and positive elongation. Evidently
owing to its higher iron content the Raajirvi
»penninite» differs from the Puolanka penninite
in pleochroism (« = colourless, 8~y blue
green) and in interference colours (abnormally
brown) (¢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;
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 0 8 9
- e S T TR 800 2700 0 0 200 100 0 300 0
S e e 0 110 80 400 70 160 200 50 210

Zr Ti Mn Cu v Cr Sc Y Ga
IR s s vt s e i o 50 1500 1 000 64 70 76 22 100 10
5 TR R oS S R R 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 Salmijirvi, drill hole No. 15, depth 163.70 m.

377.10 m.

4) » s » pradih) - » Sy »

5) » 5 » , drill hole No. 16, depth 185.50 m.
6) » , Rillinmiki.

7) » , Pieni Salmijarvi.

8) » , Poikkijirvi.

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,,, is not
so good if the regression equation given by
Albee (1962, p. 867), is used. It gives [Al* 4 Al¢]
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) a, = 5.32 A and b, = 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 .
He also suggests that the formation of the Bizan
magnesioriebeckite doubtless reflects the high
Fe,O; 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) 2NaAlSizOg4 + Fe O, + 3CaMg(CO,), +
(albite) (magnetite) (dolomite)
H,O + 28i0, = Na,Mg,Fe,Si;0,, }
(magnesioriebeckite)
3CaCOjy + FeO + Al,O,4 + 3CO,
(calcite)

This equation fulfills both the conditions,
high Pc, and high Fe,O; 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 K,Mg,Fe, Al Fe.,SigAl,0,,(OH), +
(biotite)
5 H,O + 7 SiO, + Al,O, ~
Mg,Al,Fe Si,;Al O, ,(OH),, +
(penninite)
6 KAl SizO4 + 31/2 Fe, O,
(potash feldspar)

Naturally, the Fe,O, 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 Salmijirvi 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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