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ABSTRACT 

The petrographie eharaeteristies of the rapakivi varieties oeeurring in the rapakivi massif of 
Wiborg (Viipuri) in southeastern Finland are deseribed and the assoeiations of the Fe-Mg-silieates 
reported. The oeeurrenee, X -ray erystallography, ehemieal eompositions and physieal properties of 
rapakivi ferrohastingsite, grunerite and biotite are deseribed. Extremely iron-rieh varieties of ferro
hastingsite and biotite, whieh erystallized from rapakivi magma, are the most eommon mafie minerals 
of the rapakivi. Grunerite is found in small quantities in eertain dark-eoloured varieties of the rapa
kivi and it is usually homoaxially intergrown with ferrohastingsite. The grunerite is the result of 
deuterie or hydrothermal reaetions after the magmatie erystallization of the rapakivi . The eation 
distribution in the rapakivi Fe-Mg-silieates is deseribed and diseussed. 
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INTRODUCTION 

Petrographie study of the specimens collected during the geological remapping 
of the broad rapakivi area in southeastern Finland (the so-called rapakivi massif of 
Wiborg (Vüpuri) with the satellitic massifs of Suomenniemi and Mäntyharju) has 
shown that the Fe-Mg-silicates of the different rapakivi varieties consist of olivine, 
pyroxene, amphibole and biotite, and that their alteration products are iddingsite 
and chlorite. The mineralogy of the olivine from the Finnish rapakivi has been 
reported previously (Simonen, 1961 a) and now the present authors have undertaken 
to describe the amphibole and the biotite, which are the most common mafic mineral 
constituents of the rapakivi. Some mineralogical data on the amphibole and biotite 
in the rapakivi granites have already been reported by various authors (e.g., Sahama, 
1947; Eskola, 1949; Savolahti, 1962; Sviridenko, 1967; Sobolev, 1947) and they 
point to extremely iron-rich varieties of Fe-Mg-silicates . To complement and increase 
the knowledge concerning the mineralogy of Finnish rapakivi, the authors will 
describe the occurrence, X-ray crystallography, chemie al and physical data of the 
rapakivi amphibole and biotite. 

PETROGRAPHIC CHARACTERISTICS OF RAPAKIVI V ARIETIES 

The rapakivi massif in southeastern Finland represents an anorogenic pluton, 
whose emplacement into the stable platform took place ab out 1 650 million years 
ago. This broad rapakivi area is composed of many petrographie varieties of potash
rich granitic rocks. The various rapakivi granites differ from each other mainly in 
regard to textural features, but there are also slight differences between the prin
cipal varieties in chemical and mineralogical composition. 

In the scope of the present study, it is important to note that potash feldspar, 
plagioclase and quartz are the main minerals contained in all the rapakivi varieties 
and only slight deviations occur in their relative contents. The most remarkable 
deviations between the different rapakivi varieties appear in the mineral associations 
of the Fe-Mg-silicates. Hornblende and biotite are the most common mafic mineral 
components of the rapakivi, in addition to which certain varieties contain olivine 

and pyroxene. 
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TABLE 1 
Distribution of the different rapakivi varieties in the Finnish part of the Wiborg (Viipuri) 

rapakivi massif 

Rock type % 

wiborgite ... . ......................... .. .. . ..... . 76. 2 
dark-coloured wiborgite ................. .. ........ . 4.9 
pyterlite ........ ... .. .............. . .. . ..... . .... . 6.1 
porphyritic rapakiv i granite .................. . ... . . 1. 2 
dark-coloured rapakivi granite . ..... .. . .... ........ . 3.1 
even-grained rapakivi granite ........ ......... . .. . . 7.8 
porphyry aplite .................................. . 0.7 
quartz porpbyry and granite porphyr y .... . ... . ... . . < 0. 1 
aplite and pegmatite .................... . ...... . .. . < 0.1 

The rock types mapped and their areal distribution in the Finnish part of the 
Wiborg (Vüpuri) rapakivi massif are presented in Table 1. Some short notes on the 
petrographic characteristics of the principal rapakivi varieties follow: 

Wiborgite, which shows a typical rapakivi texture, is the most abundant rock type 
of the rapakivi area. It is a coarse-grained porphyritic granite with ovoids of orthoc1ase 
surrounded by plagioc1ase mantles. Mantled ovoids are densely distributed. The main 
minerals are potash felds par, plagioc1ase and quartz. Hornblende and biotite are the 
typical mafic silicates, and alteration products are iddingsite and chlorite. The 
chemical composition of a wiborgite is presented in Table 2, anal. 3. 

The dark-coloured wiborgite has a sparse content of potash feldspar ovoids, 
which are mantled by plagioc1ase. In addition, this variety contains dark-coloured, 
zoned plagioc1ase as porphyritic grains. The main minerals of the dark-coloured 
wiborgite are the same as in the normal wiborgite, but in addition it contains olivine, 
iddingsite and grunerite. Furthermore, the plagioc1ase and hornblende contents are 
higher than those in normal wiborgite. The chemical composition of a dark-coloured 
wiborgite is given in Table 2, anal. 2. 

The pyterlite is a coarse-grained porphyritic granite with ovoids of potash feld 
spar, but around the ovoids there are either no mantles of plagioc1ase or only very 
sporadic occurrences of them . The contents of potash feldspar and quartz are higher 
and that of plagioc1ase lower than in normal wiborgite. The most characteristic 
Fe-Mg-silicate is biotite, whose alteration product is chlorite. Hornblende is usually 
lacking. The chemical composition of a pyterlite is presented in Table 2, anal. 4. 

The porphyritic rapakivi granite is characterized by an abundance of angular 
porphyritic grains of potash feldspar ~ithout mantles of plagioc1ase. The mineralogical 
as weIl as chemical composition of this variety is quite similar to that of the pyterlite. 
The chemical composition of a porphyritic rapakivi granite is given in Table 2, 
anal. 5. 

The dark-coloured rapakivi granite is texturally an even-grained rock of medium 
or coarse composition. Some varieties contain, however, large ovoids of potash 
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feldspar. The green colour of the rock is due to the weed texture produced by the 
green hornblende. This green-coloured rapakivi variety has been called tirilite (cf., 
Hackman, 1934). It contains abundant quartz, plagioclase and potash feldspar in 
highly variable proportions, and hornblende, biotite, olivine and pyroxene are the 
mafic silicates. The olivine is an iron-rich member of the forsterite-fayalite series 
and the forsterite content ranges from 2 to 8 mol. per cent (Sirnonen, 1961 a). 
Monoclinic pyroxene occurs sporadically. Hornblende is always present and in 
greater amounts than biotite. The alteration products of the aforementioned Fe-Mg
silicates are iddingsite, grunerite and chlorite. The mineralogical and chemical 
composition of the dark-coloured rapakivi is related to that of the dark-coloured 
wiborgite. The chemical composition is given in Table 2, anal. 1. 

The even-grained rapakivi granite is medium- or coarse-grained, potash-rich 
granite. Usually red-coloured, it sometimes also has a greyish tint. The main minerals 
are potash feldspar, quartz and plagioclase. Biotite, altered partly into chlorite, is 
the main mafic mineral. Hornblende occurs only sporadically. The mineralogical 
as weH as chemical composition of the even-grained rapakivi granite is similar to 
that of the pyterlite. The chemical composition may be seen in Table 2, anal. 6. 

The porphyry aplite is a rare rapakivi variety that contains sparsely distributed, 
mantled or unmantled ovoids of potash feldspar in a fine-grained aplite-granitic 
matrix. The mineralogical and chemical composition of the porphyry aplite is similar 
to that of the pyterlite and even-grained rapakivi granite. The chemical composition 
is given in Table 2, anal. 7. 

The dikes of quartz porphyry and granite porphyry cut the principal rapakivi 
varieties and the migmatitic country rocks of the rapakivi massif. The mineralogical 
and chemical composition of these rocks is similar to that of the even-grained rapa

kivi granite. 

The aplites and pegmatites, which cut the principal rapakivi types, are both 
mineralogically and chemically related to the even-grained rapakivi granite. 

The most marked differences between these rapakivi varieties appear in the tex
tural features. The rapakivi granites are predominantly coarse-grained, porphyritic 
granites with large ovoids of potash feldspar commonly surrounded by plagioclase 
mantles (wiborgite type). In some varieties the plagioclase mantles around potash 
feldspar ovoids are almost totally lacking (pyterlite type). The ratio between the 
mantled and non-mantled ovoids varies greatly and texturally there is a gradual 
transition from the wiborgite to the pyterlite. The porphyritic granites with porphyritic, 
angular potash feldspar grains are likewise sporadically present and a gradual transition 
from this rock to the pyterlite is observed. The proportions of mantled and non
mantled and angular porphyritic potash felds par grains in the coarse-grained, por
phyritic varieties (wiborgite-pyterlite-porphyritic rapakivi granite) of the rapakivi 
in the Wiborg (Viipuri) massif are presented in the triangular diagram (Fig. 1). 
Based on 110 determinations made during the field work, this diagram indicates 



8 Bull. Comm. geol. Finlande N: 0 238 

A 

FIG. 1. Ratios between mantled, non-mantled and angular porphyritic po
tash feldspar grains in the rapakivi rock series, wiborgite-pyterlite-porphy
ritic rapakivi granite, in the Wiborg (Viipuri) rapakivi massif. W, potash feld
spar ovoids mantled by plagioclase (wiborgite type); P, potash feldspar ovoids 
without plagioclase mantle (pyterlite type); A, angular, porphyritic potash 

feldspar grains (porphyritic rapakivi granite type). 

that among the rapakivi varieties there are gradual transitions from the wiborgite 
via pyterlite into the porphyritic rapakivi granite with angular potash felds par 
grains. 

The chernical compositions of typical representatives of the different rapakivi 
varieties are presented in Table 2. All the rapakivi varieties are chemically character
ized by high contents of silica and potassium, whereas the contents of lime and 
magnesia are low. The dark-coloured wiborgite and dark-coloured even-grained 
granite contain less silica and more FeO, MgO and CaO than other rapakivi varieties. 
Furthermore, the contents of FeO, MgO and CaO in the wiborgite are higher than 
those in the pyterlite. The pyterlite, porphyritic rapakivi granite, even-grained rapa
kivi granite, porphyry aplite and quartz porphyry are chemically closely related. 
The average chemical composition of the rapakivi has been deterrnined by Sahama 
(1945), who has also done trace element deterrninations, which show that there are 
enrichments of fluorine, zirconium, rubidium and lead in the rapakivi granites. 
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TABLE 2 
Chemical composltlOns of different rapakivi varieties in the Wiborg (Viipuri) rapakivi massif. 

Anal. by P. O janperä and A . Heikkinen. Fluorine determined by A . Heikkinen 

1 I 2 I 3 I 4 I 5 I 6 I 7 

Si02 ..... . .... 63.72 67.11 68.88 76. 69 76.20 74.87 74.38 
Ti02 . . . . . . .... 0 . 96 0.45 0.49 0 . 25 0 . 15 0.23 0.27 
Al20 3 ... . ..... 14.29 15.40 13.74 10.68 1 1. 90 12.39 12.10 
Fe20 3 ....... .. 1. 92 0.89 1. 02 0.96 0.27 0.25 0 . 75 
FeO . . . .... . .. . 5.74 3.42 3.62 1. 93 1. 5 4 1. 89 1. 89 
MnO ......... . 0 . 13 0.05 0.06 0.03 0.02 0 . 02 0.03 
MgO ... . ...... 0.69 0.42 0.47 0.17 0.02 0.24 0.31 
CaO ........... 3 . 28 3.16 1.92 1.01 1. 16 0.82 0.78 
Na20 ... . ... . .. 2.68 2.85 2.94 2.27 2.54 2.42 2.53 
K 20 ......... . 4.73 4.86 5.79 5.15 5.20 5.79 5.76 
P20 S .. .... . ... 0 . 38 0.15 0.14 0.04 0.02 0.03 0.04 
H 2O + ....... . 0.64 0.66 0.75 0.47 0.41 0.47 0.56 
H 2O - ..... . .. 0.14 0 . 11 0.20 0.08 0.09 0.08 0.13 
CO2 •••.•••.•.• 0.44 - - - - - -
F ............. - 0.20 0.21 0.40 0.33 0.42 0 . 33 
Li20 . ......... - 0.03 0.06 0.02 0.04 0.05 0.03 
Rb20 ......... - 0 . 04 0.04 0.05 0.13 0.06 0.06 

99.74 

I 
99.80 

I 
100.33 

I 
100.20 

I 
100.02 

I 
100.03 

I 
99.95 

-0 = F2 .. . . . . - 0.08 0.09 0.17 0.14 0.18 0.14 

I 99.72 I 100.24 I 100.03 I 99.88 I 99.85 I 99.81 

1. Dark-coloured rapakivi granite (tirilite). T ullisenlampi, Lemi. Anal. P. O janperä. 
2. D ark-coloured wiborgite. NW of Pyhäjärvi, Artjärvi . Anal. P. Ojanperä. 
3. Wiborgite. Road cut, Lapinjärvi. Anal. P. Ojanperä. 
4. Pyterlite. Sutela, Kotka. Anal. P. Ojanperä. 
5. Porphyritic rapakivi granite. Verla, Iitti. Anal. A. Heikkinen. Li20 and Rb20 determined by 

P. Ojanperä. 
6. Even-grained rapakivi granite. W of Kirkkojärvi, Myrskylä. Anal. P. Ojanpcrä. 
7. Porphyry aplite. Porlammi, Lapinjärvi. Anal. P. Ojanperä. 

TABLE 3 
Fe-Mg-silicates of rapakivi varieties. The + sign marks minerals regularly present, (+) those 

occasionall y present 

I u .~ u 
u 

u 

I 

"0 
u .~ Rock types :E 

5 ~ u 5 
" :E Ö 0 

~ .S c 
Ö "0 ~ ~ :B :e Co ::a ~ 

-" 

dark-coloured rapakivi granite (tirilite) .. + ( + ) + ( + ) + + + 
dark-coloured wiborgite .. .. .... , .... . . + + + + + + 
wiborgite 

••• • 0 • •• • • • • • ••• • ••• • ••••••• 
( + ) + + + 

pyterlite .......... . ...... . ........ . .. ( + ) + + 
porphyritic rapakivi granite ..... .. ..... + + 
even-grained rapakivi granite ..... . .... ( + ) + + 
porphyry aplite ••• • ••.••• , ••• . • •• • •• o. ( + ) + + 
quartz porphyry and granite porphyry .. ( + ) + + 
aplite and pegmatite .......... . ....... + + 

2 10587-69 
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The mineralogical composition of all the rapakivi varieties is characterized by the 
abundance of potash feldspar (mainly orthoclase), plagioclase (mainly oligoclase) and 
quartz. Furthermore, the potash feldspar is predominant over the plagioclase. The 
dark-coloured rapakivi granite and dark-coloured wiborgite contain, however, more 
plagioclase and less potash feldspar and quartz than do other rapakivi varieties. The 
mineral associations of the Fe-Mg-silicates found in the rapakivi varieties are pre

sented in Table 3. Olivine, monoclinic pyroxene and grunerite have been found only 
in the dark-coloured varieties of rapakivi. Hornblende and biotite are the most 
common mafic minerals of the rapakivi and the mineral association hornblende
biotite is typical of the normal wiborgite, which is the most common type of rapakivi . 
The biotite is the main mafic mineral of the pyterlite and other highly silicic varieties 

of the rapakivi. 
In the following chapters the mineralogical da ta are given for the rapakivi amphi

bole and biotite. The present study has shown that the rapakivi amphibole is repre
sented both by hornblende and grunerite. Furthermore, the hornblende is seen to 
be an iron-rich variety corresponding to ferrohastingsite. 

FERROHASTINGSITE 

Occurrence 

Ferrohastingsite is the main mafic mineral of many rapakivi varieties. It is most 
abundant in the dark-coloured varieties of rapakivi, which may contain as much 
as 10 to 15 per cent of ferrohastingsite. Moreover, ferrohastingsite is a typical mineral 
of normal wiborgite, but it occurs only occasionally in the most silicic rapakivi 

varieties. The Fe-Mg-silicates coexisting with ferrohastingsite are listed in Table 3. 

X-ray crystallography 

The rapakivi ferrohastingsites, Nos. 1, 2, 3 and 5, in Table 4 were investigated 
by the Buerger precession method, with a- and b-axis zero-level precession photo
graphs being made. The film shrinkage was calibrated by recording a silicon [111] -axis 
zero level precession photograph on the same film. MoKa-radiation was used. The 

accuracy achieved corresponds to probable errors of ± 0.010, ± 0.020, ± 0.005 A, 
and ± 0°05' for a, b, c, and ß, respectively. The cell dimensions are given in Table 5. 
Comparison with Table 4 reveals that the cell dimensions of ferrohastingsites decrease 
with increasing 100Mg/ Mg + Fe2++Fe3++ Mn. 

The structural formula of the amphiboles might be given as: 
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with two formulas to the unit cell. The amphibole asymmetrie unit has 14 non
equivalent sites: 

- Oe, 02-' 0(-, 06-' 06- and 07-sites are occupied by oxygen, 
- 03-site by OH,F,CI and 0, 
- S;I- and Sill-sites are occupied by tbe tetrabedrally coordinated Si and Al; i.e ., by tbe Z-type 

cations in tbe foregoing structural formula, 

- Me, M 2 - , and M 3-sites are occupied by tbe octabedrally coordinated Y-type cations Mg,Fe2 +, 

Mn, Al, FeH, Ti, etc. Tbe M 1 - and M 2-sites are four-fold, tbe M 3-site two-fold. Tbus tbe 
sites mentioned accommodate 10 Mg, Fe, etc. cations per unit cello 

- M(-site occupied by tbe X-type cations is four-fold and bas tbe co ordination nu mb er six 
wben occupied by small cations (Mg and Fe2+ in cummingtonite) or coordination nu mb er 
eigbt wben occupied by somewbat larger cations (Ca andJor Na in tbe calcium ampbiboles). 
Tbe site is too smalI, bowever, to accommodate tbe large K-cation. 

- A-site witb tbe coordination number 10 can be vacant (as in tremolite) or partially or fully 
occupied by tbe A-cations K and tbe excess of Na wbicb cannot be located in tbe Mt-site. 

The b-repeat is a function of the mean sizes of the cations occupying the M 2 -

and M csites (Colville et al., 1966). In calcium amphiboles the M csite is 
occupied by Ca and Na, which are quite equal in size. Thus, the b-axis is principally 
a function of the size of the cation occupying the M 2-site. Colville et al. , (op.ci!., 
p. 1743) demonstrated that, if in magnesiohastingsite, NaCa2MgtFe3+Si6AI2022(OH) 2 
with b = 17.98 A, the small Fe3+ is assumed to be located in M 2 , the predicted in

crease in b for (ferro)hastingsite, NaCa2Fe(Fe3+Si6AI2022(OH)2, is 0. 16 A when 
the M 2-site is occupied by 2 (Fe2+Fe3+) per unit cell. The observed increase is 0.17 A 
(b = 18.152 A). 

We have calculated the b-repeat for the random distribution of 2Fe3+ and 8Fe2 + 

in the M 1 -, M 2- and M 3-sites, and the predicted b-axis for ferrohastingsite is 18.26 

A, i.e., the same as observed for the rapakivi ferrohastingsites. Ferrohastingsites 
with a similar b-axis have been previously described, e.g., from the younger granites 
of Nigeria by Frost (1963) and by BorIey and Frost (1963) and from the nepheline
bearing rocks in the Marangudzi complex of Southern Rhodesia by BorIey and Frost. 

The c-repeat is related to the replacement of Si by Al (BorIey and Frost, 1963, 

p. 662; Frost 1963, p 382; Binns, 1965, p. 314; Colville et al., 1966, p. 1747). The 
change in c at a constant Si:Al ratio is related, according to Colville et al., to the 
occupancy of the M 1- and M 3-sites through the mechanism of kinking; the amphibole 
chain collapses around small ions and expands to accomodate larger ones. The c-axis 
shows an increase of about 0 .05 A where Fe2+ substitutes completely for Mg in the 
metal positions. The high c-values, 5.34 A, recorded for the rapakivi amphiboles 
thus refer to very Fe-rich varieties . 

The clinoamphibole value asinß - the unit repeat across facing double chains -
is a function both of the sizes of the Z-type cations and of the sizes of the atoms 
in octahedral co ordination between facing chains (Colville et al., 1966, p. 1748). 

An asinß of 9.4 A corresponds to exclusively small cations in these sites and a value 
of 9.6 A corresponds to all the large cations (op. ci!., p. 1752). The corresponding 



12 BulI. Comm. geoI. Finlande N:o 238 

figures - 9.593 A-9.620 A - of rapakivi ferrohastingsites are in good agreement 

with this. 
Finally, the ß-angle is related to the mean size of the cations in the M,-site 

(Whittaker, 1960). The cummingtonite-grunerites are characterized by low values 
of ß (R:! 102°), whereas the sodic and calcic amphiboles have higher values. Colville 
et al. (1966, p. 1737) give 105.20° ± 0.34° for their synthetic (ferro )hastingsite. 

Borley and Frost (1963) give the values of 104.800°-104.991° for the Nigerian 
ferrohastingsites and 105.032°-105.193° for the Marangudzi ferrohastingsites. The 

ß-values (104°57'-105°04') of rapakivi ferrohastingsites are in good agreement 

with these ß-values. 

Chemical composition 

Three new wet chemical analyses of the rapakivi ferrohastingsites are represented 
in Table 4, Nos. 2, 3 and 5. The No. 1 analysis is from the Sahama's paper (1947) 
and No. 4 is from Savolahti's paper (1962). All the analyses are calculated on the 
basis of 23 oxygen, thus eliminating the possible errors in the H 20, Fand Cl deter
mination (cj., Binns, 1965, p. 316). Chlorine has so far been yielded by only three 
wet chemically analysed rapakivi granite ferrohastingsites. The sum of the Z-type 
cations is calculated to 8 (tetrahedrally coordinated Si and Al). The remaining Al 
is regarded as having the coordination number 6 and thus calculated with the Y-type 
cations. The sum of the Y-type cations in each analysis is near its theoretical value 5. 
Among the Y-type cations FeH prevails. Fe3 + always prevails over octahedrally 
coordinated Al. A comparison of the columns in Table 4 reveals that the decreasing 
FeZ+ is compensated by the increasing Mg. Mention must be made of the fact that 
the MgO content is highest in the ferrohastingsites from the dark-coloured rapakivi 
varieties (Nos. 4 and 5 in Table 4), whereas the iron-richest members of the ferro

hastingsite (Nos. 1 and 2 in Table 4) occur in the most silicic types of the rapakivi. 
The X-type cations are mainly Ca and Na. A small part of Na and all of K constitute 
the A-type cations. 

In composition the rapakivi horn blend es analysed correspond to ferrohastingsites, 
as previously pointed out by Sahama (1947) and Savolahti (1962). Compared with 

the theoretical ferrohastingsite formula, NaCa2Fe ~+Fe3+Si6AI2022(OH)2' here is a 
small deficiency in the amounts of Al substitution in the tetrahedral sites, the excess 
of aluminium substituting the octahedrally coordinated ferric iron, part of the ferrous 

ir on being replaced by magnesium and a small deficiency occurring in calcium and 
sodium. 

The composition of the rapakivi ferrohastingsites is almost identical with the 
ferrohastingsite compositions from the younger granites of Northern Nigeria and 
from the nepheline-bearing rocks from the Marangudzi complex of Southern Rhodesia 
(Borley and Frost, 1963). The only exception is the slightly higher Na 20 contents 
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1fi the Nigerian and Rhodesian ferrohastingtes. Furtherrnore, the ferrohastingsites 
frorn the rapakivi resernble those frorn the Adinrondack granitic rocks studied by 
Buddington and Leonard (1953). In the Precarnbrian of Finland hornblendes quite 
sirnilar to the rapakivi ferrohastingsites have been found in the granitic rocks of 

the granite province in Cent ra 1 Finland (cf. , Rouhunkoski, 1959; Sirnonen, 1960, 
p. 52). 

TABLE 4 

Chemical analyses and atomic ratios to 23 oxygen (anhydrous basis) of the rapakivi amphiboles 

1 i 2 I 3 I 4 I 5 I 6 I 7 I 8 

Si02 ... ...... . 38.24 39. 32 40. 94 39.78 41. 38 40. 53* 47.4 3* 48. 90* 
Ti0 2 . . . . . . . . . . 2.00 2. 05 1. 60 2.32 1. 94 0.23 0.1 6 0.01 
Al20 3 ...... ... 10.17 9.91 9.46 10.14 8.96 8.81 1. 7 5 0.24 
Fe20 3 ....... ,- 5.00 5.1 2 4.4 5 2. 96 4.10 oj=30.26* oj= 43. 9 5* oj=46.01* 
FeO . . .. .. .... . 26.64 27.17 25.92 25.68 23.91 - - -
MnO . . . . . . . . . . 0.28 0.23 0.31 0.31 0.22 0.33 0.76 1. 0 6 
MgO ...... .. o. 1. 0 7 1. 3 3 2.86 3. 58 4.59 1. 87 1. 16 0.78 
CaO ...... .. . .. 10. 64 9.72 10.11 10.55 10.44 9.21 1. 93 0.21 
Na20 .......... 1. 50 1. 43 1. 65 1. 62 1. 7 4 1. 5 5 0.24 0.1 2 
K 20 . .. .. , .. . . 1. 57 1. 86 1. 58 1. 60 1. 51 1. 25 0.23 0.0 5 
HP + .. 0._·.· 1. 88 1. 43 1. 20 1. 18 1. 02 - - -
H 2O - . .. .. ... 0.08 0.00 I 0.00 0.02 0.02 - - -
F ............. 1. 0 6 0.32 0.54 0.69 0.61 - - -
Cl .... ...... . . . 0.51 0.64 0.39 - - 0.37 0.14 I 0.14 4 

100. 64 1 100. 53 ! 101. 01 ! 100. 43
1 100. 44 ! -

1 

-
1 

-
-0 . ... . . . . ... 0. 57 0.27 0. 32 0.29 0.26 - - -

100. 07 100.26 100.69 
100.

14
1 

100.18 - - -

Z Si , _ ... . .. 6.23 6.32 6.46 6.29 6.47 6.66 7.80 8.09 
Al[4] ..... . .. 1. 7 7 1. 68 1. 54 1. 71 1. 53 1.34 .20 .00 
Al[6] .. ...... .1 8 .20 .22 .17 .1 2 .36 .30 .06 
Ti .. . ....... .15 .25 .19 .26 .23 .03 .04 .00 

y FeH . . .. . .. . . 61 .62 .53 . 36 .48 .5 5}** 
FeH ..... ... 3.64 3.67 3. 42 3.39 3.13 3.61 6.05 6.36 
Mn ... . ..... .04 .0 3 .04 .04 .03 .05 .11 .14 
Mg ......... .27 .32 .67 .85 1. 07 .4 5 . 29 .19 ra ..... . 1. 87 1. 67 1. 71 1. 7 9 1. 7 5 1. 62 . 34 .04 

X,A Na .... .. .47 .4 5 .50 .49 .53 .4 9 . 04 .02 
K .... . . .3 3 .38 .32 .36 . 30 .26 . 02 . 00 

rz ............ 8.00 8.00 8.00 8.00 8.00 8. 00 8.00 8.09 
ry .. .... ..... . 4.89 5.09 5.07 5.07 5. 06 5.0 5 6.79 6.75 
rX,A .... ..... 2.67 2.50 2.53 2.64 2.58 2.39 . 40 .06 
OH ....... .. .. 2.04 1. 53 1. 27 1. 24 1. 0 7 - - -
F ••••••• 0 ••• •• .55 .16 . 27 . 34 .30 - - -
Cl .. .. ......... .14 .17 .10 - - .1 0 .02 . 02 

100 Mg 
5. 92 6. 90 14.38 \ 18. 32 22. 72 9.66 4.50 2.84 

Mg + Fe + Mn 

1. Ferrohastingsite from pyterlite. Salmi rapakivi massif. Uuksunjoki, Salmi. Anal. 0. v. Knorring 
(Sahama, 1947). 

2. Ferrohastingsite from coarse-grained rapakivi granite. Suomenniemi rapakivi massif. o. 
292/FP/54. Suomenniemi. Anal. P. Ojanperä, fluorine determined by A. Heikkinen. 

3. Ferrohastingsite from dark-coloured wiborgite. Wiborg rapakivi massif. No. 785/ML/54. 
T utka-asema, Valkeala. Anal. P. Ojanperä, fluorine determined by A . Hcikkinen. 
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4. Ferrohastingsite from green marginal variety of hornblende rapakivi. Mäntyharju rapakivi massif. 
Nurmaa, Mäntyharju. Anal. A. Savolahti (Savolahti, 1962). 

5. Ferrohastingsite from dark-eoloured rapakivi granite (tirilite). Wiborg rapakivi massif. No. 
35 b/AS/54. Tullisenlampi, Lemi. Anal. P. Ojanperä, fluorine determined by A . Heikkinen. 

6. Ferrohastingsite rim around grunerite from the dark-eoloured wiborgite. Wiborg rapakivi 
massif. No. 785/ML/54. Tutka-asema, Valkeala. Partial eleetron mieroprobe analysis, ferro
hastingsite No. 3 (in this table) as standard. Anal. J. Siivola. 

7. Grunerite from eoarse-grained rapakivi granite. Suomenniemi rapakivi massif. No. 292/FP/54 
(cf, anal. No. 2). Suomenniemi. Partial eleetron mieroprobe analysis, ferrohastingsite No. 2 
(in this table) as standard. Anal. J. Siivola. 

8. Grunerite from dark-eoloured wiborgite. Wiborg rapakivi massif. No. 785/ML/54. Tutka-asema, 
Valkeala. Partial eleetron mieroprobe analysis, ferrohastingsite No. 3 (in this table) as standard. 
Anal. J. Siivola. 

* eorreeted for absorption 
9= total iron 
** total iron divided between ferrous and ferrie iron in the same ratio as in anal. No. 3 (ferro

hastingsite from the same speeimen). 

TABLE 5 
Physieal properties and unit eell dimensions of rapakivi amphiboles 

1 I 2 I 3 I 4 I 5 I 6 I 7 

a ...... . ....... 1. 70 2 1. 706 1. 69 6 1. 687 1. 68 3 - -
ß .. .. .......... - 1. 725 1. 708 1. 703 1. 702 - -
y .............. 1. 7 30 1. 732 1. 71 5 1. 716 1. 712 - -
2Va .. . ..... . .. 44° 24° 46° 60° 60° - -
cl\Z .......... 12° 18° 15° 23° 18° 11° 13° 
X . . .. . . . . .. . .. P.gr.br. P.gr.br. P.gr.br. P.gr.br. P.gr.br. 
y .. . ... .. .. . . . D.gr.br. Bl.gr. Br.gr. Br.gr. Br.gr . 
Z .... . . . . . . . . . Bl.gr. Bl.gr. Bl.gr. Bl.gr. D.gr . 
D CX/ce) ... . .... 3.44 7 3.441 3.41 3 3.4 0 - - -
o( ) ...... .. .. 9.937 9.962 9.942 - 9.9 29 9. 576 -
b . . . .. . . . ...... 18. 241 18.261 18.2 60 - 18.214 18.41 -
c .... . .. ... .... 5.33 6 5.34 5 5.3 35 - 5.321 5. 344 -
ß .......... .. .. 104°59' 105°04' 105°02' - 104°57' 101°51 ' -
osir·ß . ... .. .. . . 9.60 6 9.6 20 9. 602 - 9.59 3 9.3 72 -
V(A3) ........ .. 935.0 939.0 935.4 - 929.7 922.0 -

P. = pale; gr. = greenish, green; D. = dark; br. = brownish, brown; Bl. = bluish. 
Nos. 1-5 ferrohastingsites as in Table 4, No. 6 grunerite from the speeimen 292/FP/54 and No. 7 

grunerite from the speeimen 785/ML/54 (cf., Table 4). 

Physical properties 

The optical properties, densities (by pychnometer) and cell dimensions of the 
rapakivi ferrohastingsites are given in Table 5 (Nos. 1- 5) . The optical da ta (except 

optical angle for No. 1) and densities for the ferrohastingsites Nos. 1 and 4 are taken 
from the papers of Sahama (1947) and Savolahti (1962). The relation between the 
physical properties and chemical composition of the rapakivi ferrohastingsites is 
presented in Fig. 2, which shows the physical properties as a function of increasing 
atomic ratio 100Mg/ Mg + Fe2++Fe3++ Mn of the analysed ferrohastingsites. 
The data presented are in very good agreement with the diagram published by Deer 
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FIG. 2. Relation bctwecn thc physical propcrtics 
and chemical composition of the rapakivi ferro
hastingsites. 2Va, optical axial angle; a,ß and y, 
the refractive indices; D, density; a, b, c and asinß, 

thc lattice constants. 

et a1. (1963, p. 298) for the relation between chemical composition and the optical 

data and density of the pargasite-ferrohastingsite amphiboles. 
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GRUNERITE 

Occurrence 

Grunerite occurs in the dark-coloured hornblende-bearing varieties of rapakivi 
from the different parts of the broad rapakivi area in southeastern Finland. The 

content of grunerite is always very low, only 0.1-0.3 vol. per cent, according to 
point count analyses. The Fe-Mg-silicates coexisting with grunerite are hornblende, 
biotite, olivine andJor iddingsite (cf., Table 3). The grunerite occurs homoaxially 
intergrown with ferrohastingsite and it often takes the form of a rim (Fig. 3) between 
ferrohastingsite and iddingsite, the latter being a pseudomorph after olivine. Occa

sionally, the margin between ferrohastingsite and grunerite is sharp and linear, but 
in most cases, the grunerite occurs as irregularly shaped patches in ferrohastingsite. 

Grunerite has been described from many rapakivi granites. A colourless rapakivi 
amphibole, later identified as grunerite, was mentioned as early as 1903 by Popov 
in bis description of the Korsun rapakivi massif near Kiev in the Ukraine. Later, 
Lucbitskiy (1911-1912) presented the new mineral, called kievite, from rapakivi 
granites in the Ukraine and Finland. The mineral kievite was the same colourless 
amphibole previously described by Popov. Sobolev (1947), in his monograph on 
the Ukrainian rapakivi g ranites, described grunerite, earlier termed kievite, as a 

FIG. 3. Grunerite rim (G) between ferrohastingsite (F) and iddingsite (I). Dark
coloured wiborgite (785/ML/54). Tutka-asema, Valkeala. 
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mineral that occurs in many sam pies, though in very small quantities . The grunerite 
from the Ukranian rapakivi is always accompanied by hornblende, fayalite and/or 
iddingsite (op.cil., pp. 47-49, 110-111). The occurrence of grunerite in postorogenic 
granites of eastern Sayan is also reported by Sobolev (1947, p. 119). 

Rouhunkoski (1959) has described a granite from Petäjävesi, Central Finland, 
which contains orthoclase, quartz, plagioclase, ferrohastingsite, iron-rich biotite, 
fayalite, orthopyroxene (En 14Fs S6), diopsidic augite and cummingtonite, the last
mentioned mineral homoaxially intergrown with ferrohastingsite. The granitic bulk 

composition of the rock, which is similar to that of the dark-coloured rapakivi 
varieties, and its mineralogical composition characterized by extremely iron-rich 
silicates (fayalite, ferrohastingsite, eulite) strongly suggest in the present authors' 
view, that the mineral described as cummingtonite may be grunerite. 

X-ray crystallography 

Grunerite (in specimen 292/FP/54), homoaxially intergrown with ferrohastingsite, 

was studied by X-ray methods. The Buerger precession photographs show the 
grunerite c-axis to be parallel to the ferrohastingsite c-axis and the grunerite b-axis 

parallel to the ferrohastingsite b-axis. The cell dimensions of this grunerite are given 
in Table 5, No. 6. A silicon single crystal has been used as a standard to eliminate 
the influence of film shrinkage on the a-, b- and c-values. According to the cell 
dimensions, when the X-ray determinative curve of Viswanathan and Ghose (1965) 

is applied, the content of the magnesian end member of the grunerite studied is 9 

mol. per cent (100 Mg/Mg+Fe = 9 %). 

Chemical composition 

Two rapakivi grunerites were investigated using an electron probe micro-analyser 
and the results are given in Table 4, Nos. 7 and 8. 

The No. 7 grunerite in Table 4 occurs as irregular patches in ferrohastingsite 
(cf. Table 4, No. 2) and it is unevenly pigmented by some reddish yellow mineral, 
which may have a slight influence on the chemical composition determined. The 
content of the magnesian end me mb er of the grunerite studied by micro-probe 
analysis is only 4-5 mol. per cent, whereas that by the cell dimensions was similar 

or 9 mol. per cent. 
The No. 8 grunerite in Table 4 forms a narrow rim (Fig.3) between iddingsite and 

ferrohastingsite and its composition is near the end member composition Fe 7Sis0 22 
(OH)2' It should be remarked that the micro-probe analysis of the ferrohastingsite rim 
surrounding the grunerite rim is also presented in Table 4, No. 6; it deviates slightly 
from the chemical composition of the ferrohastingsite proper (Table 4, No. 3). As 

3 105 87- 69 
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for the Fe/Mg distribution between the grunerite and the ferrohastingsite, it can be 

stated that the grunerite is enriched in iron. 

Physical properties 

Incomplete optical data (only c/\Z) on the rapakivi grunerite and the cell dimen
sions, determined by X-ray study, are given in Table 5, Nos. 6 and 7. 

BIOTITE 

Occurrence 

Biotite occurs in all varieties of the rapakivi (cf., Table 3) The content of biotite 
in the dark-coloured hornblende-bearing varieties is usually low, only 0.3 to 4 per 
cent. The biotite is the principal mafic mineral of the most silicic types of the rapakivi, 

which generally contain 2 to 6 per cent biotite. 

X-ray crystallography 

Two chemically analysed biotites (Nos. 1 and 2 in Table 6) were investigated by 
X-ray single crystal and powder methods. The X-ray da ta are given in Table 7, 

Nos. 1 and 2. Precession photographs show the lM-polytype of the biotites studied. 
The cell dimensions of biotite No. 1 in Table 7 were determined from a silicon
calibrated powder dia gram using CuKa-radiation with an Xe-filled proportional 
counter. The accuracy achieved corresponds to probable errors of 0.01,0.02, 0.02 A 
and 10' in a, b, c and ß, respectively. The cell dimensions of biotite No. 2 in Table 
7 were determined from precession photographs, recording on the same film a 
silicon [111 ]-axis zero level precession photograph. The probable errors are 0.005, 
0.01,0.01 A and 15' in a, b, c and ß, respectively. Twinning on [110] was observed for 
the biotite No. 1, Table 7. 

It is now well known that the sheet dimensions of layer-lattice silicates are mainly 

controlled by the octahedrally coordinated cations (octahedral layer) and, especially 
in micas, also by the interlayer cations (Radoslovich and Norrish, 1962). Using the 
regression coefficients of Radoslovich (1962) for the rapakivi micas Nos. 1 and 2 

in Tables 6 and 7, the calculated b is 9.318 and 9.320 A (both ± 0.03 A), respectively. 
Agreement with the observed values is excellent (cf., Table 7). The observed b-values, 
vice versa, point to exceedingly iron-rich trioctahedral micas. 
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Chemical composition 

Two new ehemieal analyses of rapakivi biotites are given in Table 6, Nos. 1 and 2. 
Rapakivi biotite analyses Nos. 3 and 4 in Table 6 are from the papers of Savolahti 
(1962) and Eskola (1949). All the analyses are ealculated on the anhydrous basis 
(= atomie ratios to 22 oxygen), beeause ehlorine is so far determined from only 
one rapakivi granite biotite (No. 1 in Table 6). 

In eomposition the rapakivi granite biotites closely eorrespond to lepidomelane 
(in the sense ofFoster, 1960), i.e., biotite variety eharaeterized by a high oetahedrally 
eoordinated ferrous iron eontent and praetieally no aluminium in the oetahedral 
voids. The amount of ferrie iron in oetahedral positions is signifieant. Magnesium is 

somewhat more abundantly represented than in the formulas of representative 

lepidomelane reported by Foster (op .cil., p. 31). The four ehemieally analysed rapakivi 
granite biotites are plotted in Fig. 4 in a triangular diagram, where the fields indieating 
the relation between ehemieal eomposition and geologie oeeurrenee of biotites 

have been drawn aeeording to Foster (op.cil., p. 33, Fig. 12). As seen, the eomposition 
points of the rapakivi granite biotites fall into a very small field. In the terminology 
of Foster, this field lies between three varieties, namely Fe-biotite, lepidomelane and 

the annite moleeule (KFe3[(OH)2AlSi30s])' 

qn 

(6) Q'"''' 2+ (6) 
(Al.FJ~Ti ) L--,.c----,.c-----,.c:--,.;,--~.,--"-:~--'K--7\-'-I\-~ (F e ,Mn) 

FIG. 4. Proportions of octahedrally coordinated Mg, Fe2 ++ Mn and Al + 
Fe3 ++ Ti in rapakivi biotites. Nos. 1- 4 refer to Table 6. The fields showing 
the composition of biotites from different geological environments are pre
sented according to Foster (1960). gr, granite; gd, granodiorite; qd, quartz 
diorite; ns, nepheline syenite; gs, gneiss and schist; peg, pegmatite; grei, greisen. 
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FrG. 5. Proportions of MgO, AI20 a, and FeO (tot) in weight percentages in 
the biotites. Nos. 1-4 refer to Table 6. The fields (I- III, see text) show bio
tite compositions for different mineral associations according to Nockolds (1947). 

In Fig. 5 the chemically analyzed biotites are presented in the triangular diagram, 

where the three corners are represented by MgO, Al 20 3 and FeO (total iron), respect
ively. The three fields (I-IIl) show, according to Nockolds (1947), biotite com
positions for different mineral associations as follows: 

I, biotites associated with muscovite, topaz, etc., 

11, biotites unaccompanied by other mafic minerals, 
111, associated with hornblende, pyroxene andjor olivine. 

The rapakivi biotites are in field I 11 and there in the part where the biotite is mainl y 
associated with hornblende, which is the main mafic mineral of ·the most common 

types of rapakivi. 

Physical properties 

The physical data of the chemically studied rapakivi biotites are given in Table 7. 
The high refractive indices are similar to those of rapakivi biotites presented by 
Savolahti (1962). The exceedingly high ir on content of the biotite causes both the 
high refractive indices and high specific gravity. 
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TABLE 6 
Chemical analyses and atomic ratios to 22 oxygen (anhydrous basis) of the rapakivi biotites 

2 3 4 

Si02 .... ... , ..... . .... . . 34.60 34.90 35.60 34.72 
Ti02 ............. ...... 3.13 2.82 1. 90 3.7 5 
AI20 a .... . .......... ... 12.72 11. 44 12.2 8 11. 09 
Fe203 . ......... . ....... 4.54 3.99 4.65 6.12 
FeO .................... 31.18 31.44 29.47 28.96 
MnO . .. . ..... .. . , .. . ... 0.20 0.15 0.30 0.45 
MgO ......... .. .. ..... , 1. 31 2.80 3.14 2.44 
CaO ... . .. _, . . . ....... o. 0.38 0. 19 1. 92 0.79 
Na20 ................. o. 0.38 0.41 0.89 0.5 3 
K 20 .. . .. ........... .. .. 7.66 8.38 6. 67 7.57 
HP+ .. .. .......... .... 3.48 3.21 3.11 2.44 
H 2O- . ....... .. . .. . .... 0.08 0.04 0.0 0 0.75 
F .. ........... ... ...... . 0. 20 0.54 0.93 0.27 
Cl ...... .. ..... .... ... .. 0.62 
P20 S ... . .... .. ........ . 0. 11 0.01 (V2O S) 

100.48 100. 31 100. 97 99.89 
- 0 ... . .... ... . ...... .. 0.22 0.22 0.39 0.13 

100.2 6 100.09 100.58 99.76 

{S ' o •• • ••••••••••••• 5.62 5.67 5.67 5.62 
Z ).1[4] ... .. ..... ... . . .. 2.38 2.19 2.30 2.11 

Ti[4] . ..... .... .. . ... . .00 .14 .03 .27 
Alr6] ......... . ..... .. .06 .00 .00 .00 
Ti[6] .. .... .... . ...... .38 .20 .43 .19 

Y FeH ... .... . ... , ..... .55 .49 .5 5 .74 
FeH ....... .. .. .. .. .. 4.24 4.28 3.93 3.9 2 
Mn ........ .. ........ .03 .02 .04 .06 
Mg . . . .. . ............ .3 2 .68 .74 .59 
Ca ... ... ...... ... .... .07 .03 .32 .14 

X Na • 0 • • • •• ••• • •• •• • 0 0 .12 .13 .27 .17 
K •• 0 o ••••• 0 0.000.000 1. 5 9 1. 7 4 1.3 6 1. 56 

:EZ .00 0 •• 0 o. o. 0 O' 0 • •• • 0 0 8.0 0 8.00 8. 00 8.00 
:EY .0 •• 0 ••• 0 ••• • 0 0.0.0 •• 5.58 5.67 5. 69 5.50 
:EX • •• •••••••••• 0 •••• 0 •• 1. 7 8 1. 90 1. 9 5 1. 87 
OH 0 • •• • 00 •• • • ••• 000·0 · • 3. 77 3. 48 3.32 1. 6 6 
F 0 • • •••• •• 0 •• 0 • • •• 0 •• 0 " .10 .27 .4 7 .14 
Cl 0 •• • • 0 •••• 00 •••••• 0 . o. .17 
:EOH,F,Cl • • ••• •• • • • • • 0 o . 4.04 3.75 3.7 9 1. 80 

100Mg 
6.23 12.43 14.07 11. 11 

Mg +Fe2++Fe3++ Mn 

1. Biotite from coarse-grained rapakivi granite. Suomenniemi rapakivi massif. No. 292 jFPj54. 
Suomenniemi. Anal. P. Ojanperä. 

2. Biotite from dark-coloured wiborgite. Wiborg rapakivi massif. No. 785j MLj54. Tutka-asema, 
Valkeala. Anal. P. Ojanperä. 

3. Biotite from green marginal variety of hornblende rapakivi. Mäntyharju rapakivi massif. Nurmaa, 
Mäntyharju. Anal. A. Savolahti (Savolahti, 1962). 

4. Biotite from the Laitila rapakivi . Laitila rapakivi massif. Soukainen, Laitila. Anal. Eisa Stählberg 
(Eskola, 1949). 
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TABLE 7 
Physical properties and unit cdl dimensions of rapakivi biotites 

ß =Y' ................. . 

2Va ................. . . . 

y = z ......... ..... .. . . 
D (g/cc)1) ............. .. . 
a (A) .. ..... . . . ... ... . . . . 
b ................•..•... 
c .. ........•.......... . . 
ß··· ........... . . . ... . . . 
Polytype ............... . 

B. = black, br. = brown. 

1. 705*) 
very 
small 
B.br 

3.30 
5.377 
9.328 

10.235 
99°56' 

1M 

*) ± 0.005 (varies from grain to grain). 
') by pychnometer 

2 

1. 690 

~16° 

B.br. 

5.380 
9.330 

10.277 
100°30' 

1M 

1. Biotite. No. 292/FP/54. Suomenniemi (cf., Table 6, No. 1). 
2. Biotite. No. 785/ML/54. Tutka-asema, Valkeala (cf., Table 6, No. 2). 
3. Biotite (Savolahti, 1962). Nurmaa, Mäntyharju (cf., Table 6, No. 3). 

CONCLUDING REMARKS 

3 

1. 69 5 

20° 

B.br. 
3.27 

The Fe-Mg-silicates of rapakivi consist of olivine, monoclinie pyroxene, 

iddingsite, grunerite, ferrohastingsite, biotite and chlorite, whose associations in the 
different rapakivi varieties are given in Table 3. The occurrence, X-ray crystallo
graphy, chemical composition and physical properties of rapakivi ferrohastingsite, 
grunerite and biotite have been reported in this paper. Extremely iron-rich varieties 
of ferrohastingsite and biotite are the most common mafic minerals of rapakivi and 

they are commonly considered as products of the crystallization of rapakivi magma. 
Grunerite is exceedingly rare in magmatic rocks, but it is found in small quantities 
in certain dark-coloured varieties of rapakivi. The origin of rapakivi grunerite will 
be briefly discussed. 

So far as is known, the members of the cummingtonite-grunerite series are almost 
exclusively restricted to metamorphie rocks, and therefore it is quite unlikely that 
the rapakivi grunerite would be a direct crystallization product of the silicate melt. 
Furthermore, it should be noted that experimentally determined phase relationships 

(see, e.g., Ernst, 1968, pp. 45-47)indicate that the members of the cummingtonite
g runerite series are stable only at submagmatic temperatures, w hereas at tempera

tures above 595°C (Schürman, 1966) grunerite disintegrates into fayalite and quartz. 
The magmatic crystallization of rapakivi at a high temperature has been suggested 
by various authors, who have pointed out the monoclinie symmetry of rapakivi 
potash feldspar (orthoclase microperthite) and the presence of idiomorphic, hexagonal 
bipyramidal quartz (originally high quartz). Furthermore, the feldspar-equilibrium 
temperature of the rapakivi is as high as 730°C, indicating a truly magmatic range 
of temperature (cf., Simonen, 1961 b). 
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FIG. 6. Proportions of octahedrally coordinated L'vfg, Fe2+ + Mn and FeH 
+ Al+ Ti in rapakivi olivines and hornblendes. Coexisting mineral pairs are 

connected by tielines. Nos. 1-5 refer to rock specimens as follows : 

1. Dark-coloured rapakivi (tirilite). Tullisenlampi, Lemi (cf., Table 4, No. 5; 
olivine studied by Simonen, 1961 a). 

2. Dark-coloured wiborgite. Tutka-asema, Valkeala (cf., Table 4, No. 3; oli
vine studied by micro-probe analysis, cf., p. 24). 

3. Green marginal variety of hornblende rapakivi. Nurmaa, Mäntyharju (cf., 
Table 4, No. 4; Savolahti, 1962). 

4. Coarse-grained rapakivi granite. Suomenniemi (cf., Table 4, No. 2). 
5. Pyterlite. Uuksunjoki, Salmi (cf., Table 4, No. 1; Sahama, 1947). 

The genesis of grunerite in the Ukrainian rapakivi granites has been discussed 

by Sobolev (1947), who points out that the rapakivi grunerite originated at a post
magmatic stage contemporary with that of bluish-green hornblende, whereas the 
crystallization of grunerite took place in many different ways. In some cases, the 
grunerite is a result of the reaction between fayalite and quartz or a result of the 

oxidation process of olivine, a process that also produced magnetite. In other cases, 
the grunerite developed at the expense of brown hornblende so that the latter was 
attacked by fluorine-rich solutions and the process produced fluorite, calcite and 

quartz as weIl. 
The Fe/ Mg distribution of the rapakivi grunerite is quite similar to that of olivine 

(see Figs. 6 and 7) and, therefore, it would be reasonable to assume that the grunerite 
is an alteration product oE olivine. Certain petrographie features found in the 
grunerite-bearing rapakivi studied do not, however, support this interpretation. 
Special attention must be drawn to the fact that the grunerite in Finnish rapakivis 
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FIG. 7. Proportions of octahedrally coordinated Mg, Fe2+ + Mn and FeH, 
+ Al + Ti in rapakivi ferrohastingsites and grunerites. Coexisting studied mi
neral pairs connected by tielines. Nos. 1- 5 refer to specimens listed in Fig. 6. 

almost always occurs homoaxially intergrown in ferrohastingsite and it is always 
associated with iddingsite and ferrohastingsite. The grunerite further occurs as rims 
between iddingsite and ferrohastingsite, and it is likewise in trus case homoaxially 
intergrown with ferrohastingsite. The Fe/Mg distribution of the olivine and the 

grunerite is similar, but the grunerite differs from the ferrohastingsite in that the 
former is enriched in iron. Two micro-probe analyses of separate iddingsite chondres 

from specimen No. 785/ML/54 (see Table 4, No. 8) gave FeO 29.3, 30.2 and MgO 
1.3 and 1.8 per cent, respectively. The olivine from the same specimen contains, 
according to micro-probe analyses, FeO 59.6 and MgO 1.3 per cent. These analytical 
data show that a remarkable amount of iron is expelled in the deuteric reaction 

producing iddingsite from olivine. It is reasonable to ass urne that expelled iron is 
now to be found in grunerite (FeOtot in grunerite is about 45 per cent, whereas 
that in ferrohastingsite is only ab out 30 per cent). 

Petrographie characteristics and the Fe/Mg distribution between Fe-Mg-silicates 
indicate that the origin of grunerite is due to deuteric or hydrothermal reactions 
after the magmatic crystallization of rapakivi. Reactions were induced in the ferro
hastingsite by siliceous aqueous fluids at the same time as the olivine altered into 
iddingsite and the iron expelled during the latter process became situated in grunerite, 

i.e., the X-type cations Ca and Na in the M 4-site of ferrohastingsite are essentially 
substituted by Fe2 + and the Z-type Al substituted by Si, possibly producing 

Ca 3 [AI(OH)61 2, the latter being soluble and expelled. 
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FIG. 8. Proportions of octahedrally coordinated Mg, FeH + Mn and Fe3+ + 
Al+ Ti in rapakivi ferrohastingsites and biotites. Coexisting studied mineral 
pairs connected by tielines. Nos. 1-5 refer to speciemens listed in Fig. 6. 
Nos. 6- 13 are biotites presented by Sviridenko (1967) from the rapakivi in 
the Salmi massif. 6- 7 wiborgites; 8- 9, pyterlites; 10, »coarse-ovoidal», por
phyritic rapakivi; 11-12, even-grained rapakivi granites; 13, »uneven-grai-

ned» rapakivi granite. 

The strueture formulas of the rapakivi Fe-Mg-silicates studied ehemieally are 
as follows: 

olivine 
grunerite 
ferrohastingsite 
biotite 

(Fe, Mg, MnY:J[SiO,1 
(Fe,Mg)[~J[OH/Si,Oll]z 
(K,Na)o_l(Ca,Na) z(Fe,Mg, Mn,AI, Ti)[:J[ (OH,F,Cl)/(Si,AI) '0ll] z 
Kz(Fe,Mg,Mn)[:~, (Fe,3+ Al, Ti)o_z[OH,F,CI) ,/Si6-sAlz-30zo] 

In eaeh of the given formulas Mg, FeH, Mn, Fe3+, Ti and part of Al represent 
oetahedrally eoordinated eations and proportions of (Mg)[6J: (Fez+,Mn)[61: (Fe3+, 
AI,Ti)[6J are presented in Figs. 6-8. The distribution of the foregoing eomponents 
among the oetahedral sites of the studied minerals is regular. The simple eompounds, 
olivine and grunerite (Figs. 6 and 7), have the same distribution, whereas the eation 
distribution in more eomplex eompounds, ferrohastingsite and biotite (Fig. 8), 
deviates from that found in olivine and grunerite. In Figs. 6-8, the mineral pairs, 
whieh oeeur in the same speeimen, are eonneeted with tielines. 

Three olivine-ferrohastingsite pairs presented in Fig. 6 show that ferrohastingsites 
eoexisting with olivine are rieher in MgO than those (Nos. 4-5 in Fig. 6) not eoexisting 
with olivine. Two analysed grunerites are plotted in Fig. 7. It should be mentioned 

4 10587- 69 
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TADLE 8 
Comparison of the compositions of coexisting rapakivi granite biotites and hornblendes *) 

2 3 

Bi Hb/ Bi Hbl Bi Hb/ 

Mg ..... .. . . ...... .... . . 0.68 0.6 7 0.32 0.32 0.74 0.85 
Fe2+ .. - , -, .. .. .. .. ..... . 4.2 8 3.4 2 4.24 3.67 3.93 3.39 
Mg/Mg+ Fe2+ .. ...... .. .. 0.137 0.1 96 0.07 0 0.087 0.158 0.200 
All<] .................... 2.1 9 1. 54 2.38 1. 68 2.30 1.74 
Fe3 + ........ - ....... .. .. 0.49 0.5 3 0.5 5 0. 62 0.55 0.36 
Ti ... ....... .. ... .... ... 0.34 0.19 0.38 0.25 0.46 0.26 
All6] ........ ... - .. .. .. .. 0.0 0 0.2 2 0.0 6 0. 20 0.00 0.17 
All6] + Fe3 ++ Ti - , ........ 0.8 3 0. 94 0. 99 1. 07 1. 0 1 0.79 
Na • •••••••••••••••• 0 • • • 0.1 3 0.50 0.12 0.4 5 0.27 0.4 9 

*) In terms of 24 (O,OH,Cl and F) anions. Bi = biotite, Hbl = hornblende. 
1. Dark-coloured wiborgite. Tutka-asema, Valkeala. No. 785/ML/55 (cf, Table 4, No. 3 and Table 

6, No. 2). 
2. Coarse-grained rapakivi granite. Suomenniemi. No. 292/FP/54 (cf, Table 4, No. 2 and Table 6, 

No. 1). 
3. Marginal variety of hornblende rapakivi. Nurmaa, Mäntyharju (cf, Table 4, No. 4 and Table 6, 

No. 3). 

that the iron has been determined as FeO, but probably the content of ferric iron 
in grunerite is quite low (cf., Klein and Waldbaum, 1967, p. 380). 

The cation distribution of ferrohastingsite and biotite is shown in Fig. 8, where 

three coexisting ferrohastingsite -biotite pairs are presented. The MgJFe + Mn 
distribution of the ferrohastingsite-biotite pairs indicate that the biotite invariably 
has a slightly lower MgJFe+Mn ratio than that of the coexisting ferrohastingsite. 
Biotites from the Salmi rapakivi studied recently by Sviridenko (1967) are also 
presented in Fig. 8 and their cation distribution is with few exceptions related to 
that of the biotites discussed in the paper. According to Sviridenko, a remarkable 
portion of the ferrous iron in rapakivi biotites has been oxidized to ferric iron, with 
the result that the annite component has been partly altered into oxiannite (KFe;+ 
A1Si a0 1o(OH)2 ............ KFe2+F<+ A1Si 30 12 + H 2) and, further, the Fe3 +JFe2+ ratio is 

quite similar in aIl the biotites analysed. 
DeVore (1957) has shown that, with few exceptions, biotite contains rpore AI[4l, 

Fe3 +, Ti and Al[6] + Fe3++ Ti (in terms of 24(0, OH and F) anions) than does the 
coexisting hornblende, the MgJMg+Fe2+ ratio of the biotite is lower than that 
of the coexisting hornblende and, furthermore, the hornblende contains more AI[S] 

and Na than does the coexisting biotite. The data observed in the coexisting rapakivi 
hornblende and biotite (Table 8) are in quite good agreement with the conclusions 
of De Vore just cited. The only exception is that the Fe3+ content in some rapakivi 

hornblendes is slightly higher than that of coexisting biotites. As a result, further
more, the content of AHs] + Fe3+ + Ti in hornblendes may be slightly higher than 
that of the coexisting rapakivi biotites. The over-all agreement with DeVore's 
results points to the equilibrium of these two phases. 
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